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List of Physico-chemical Symbols adopted by the 0 hemical Society. 
[See J.C.S., 1921, 119, 502—512.] 


1. Mathematical Symbols . 


Base of natural (Napierian) logarithms ... 

Diameter .... 

Radius . 

Ratio of circumference to diameter . 

Summation... 

Variation . 

Total differential . 

Partial differential . 


Usual 

symbol. 

e 

d 

r 

IT 

5 

5 

d 

b 


Alternative - '! 

symbol. 


2. Universal Constants . 


Acceleration due to gravity. 

Mechanical equivalent of heat . 

Avogadro’s constant [number of molecules 

in 1 gram-molecule (mole) ]. 

Gas constant per mole .. 

Faraday’s constant (number of coulombs 

per gram-equivalent of an ion) . 

Charge on an electron ... 


9 

J 

N 

R 

F 

e 


3. General Physics and Chemistry . 


Length ..... 

Height.. 

Mass ... 

Time . 

Volume .... 

Density (mass per unit volume) . 

Pressure..... 

Concentration .. 

Mole fraction... 

Critical constants : pressure, volume, tem¬ 
perature (centigrade), temperature 

(absolute), density .. 

Reduced quantities: pressure, volume, 

temperature, density . 

van der Waals’s constants . 

Fluidity ..... 

Viscosity ... 

Surface tension.. 

Diffusion coefficient .. 

Atomic weight ... 

Molecular weight ...... 

Velocity coefficient of reaction .. 

Equilibrium constant .....«... 

van’t Hoff coefficient .."... 

Degree of dissociation (electrolytic, thermal, 
etc.) ........ 


H 


l 

h 

m 

t 

e, V 
d 

V,P 

c, C 
x 

Pt,v a 

tjct To 

d, 

J Pr,V r 
T, t d, 
o, b 
<t> 
v 
y 

A 

A 

M 

i 


CXXVIL 


D 


5 jg 
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LIST OE PHYSICO-CHEMICAL SYMBOLS. 


4. Beat and Thermodynamics . 


Temperature (centigrade) . 

Temperature (absolute) .. 

Critical temperature . 

Reduced temperature . 

Critical solution temperature . 

Quantity of heat .... 

Entrcmy . 

Specific heat .... 

Specific heat at constant pressure . 

Specific heat at constant volume . 

Ratio of specific heats, c p : c v . 

Molecular heat ....,....'. 

Molecular heat at constant pressure . 

Molecular heat at constant volume ..... 

Latent heat per gram . 

Latent heat per mole . 

Maximum work (diminution of free energy) 


Usual 

symbol. 

t 

T 

U, T< 

lr, T r 

tcti T Cl 

Q 

S 

c 

C J> 

Cc 



5. Optics . 


Wave-length of light . 

Refractive index ... 

Specific refractive power (Gladstone and 

Bale) . 

Specific refractive power (Lorentz and 
Lorenz) ... 

Molecular refractive power.. 

Angle of optical rotation .. 

Specific rotatory power . 

Molecular rotatory power . 

Specific magnetic rotation . 

Molecular magnetic rotation .. 


A 

n 

re, [r«]J 

ru 0J1 
f Bo, Rl 
\ C Rl] 1 ; 

a 

■ M 

M[a] 

M 

mm 


6. Electricity and Magnetism . 


Quantity of electricity... 

Current intensity ... 

Resistance ... 

Electromotive force ...* 

Electrode potential, or discharge potential 

of an ion ....... 

Electrode potential referred to the normal 
hydrogen or normal calomel electrode 
respectively, the potential of which is 

taken as zero.. 

Normal potential, t.e.* the electrode poten¬ 
tial referred to the normal hydrogen or 
normal calomel electrode respectively, 
when the solution is molecular-normal 
^ in respect of all participating sub¬ 
stances and ions of variable Concentra¬ 
tion ... 

Dielectric constant .... 

Conductivity (specific conductance) . 

Equivalent conductivity..—.. 

Equivalent conductivity at different dilu¬ 
tions—volumes in litres containing 
1 gram-equivalent . 


Q 

I 

B 

E 

E 


Eh* & 


o Rht JBe 
€ 

K 


A 


Ajq, A oO 


Alternative 

symbol, 

e 


Ur 


w 


« 


Q«. 
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6. Electricity and Magnetism —(continued). 


Equivalent conductivity of kation and 

of anion . 

Equivalent conductivity of specified ions... 

Molecular conductivity . 

Velocity of kation and of anion in cm./ sec. 
when the potential gradient is 1 volt 

per cm. 

Transport number of kation and of anion ... 

Magnetic permeability... 

Magnetic susceptibility .-. 


Usual 

symbol. 

A*, A a 
An* Aci' 
A*- 


U l9 U a 
n*, n a 

V* 

K 


Alternative 

symbol. 


Symbol. 

A 

a 

b 

G 

c 

C p , C, 

Cp t c v 
D 
d 
do 
d 
E 
e 

Eh, E e 


0 E\, 0 E« 


9 

h 

I 

i 

J 

K 

k 

L 

l 

M 

MM 

MM 

m 

N 


and at constant 


List of Symbols , Arranged Alphabetically . 

Name of quantity. 

Atomic weight; maximum work. 

Van der Waals’s constant. 

Van der Waals’s constant. 

Concentration; molecular heat. 

Concentration; specific heat. 

Molecular heat at constant pressure, 
volume. 

Specific heat at constant pressure, and at constant volume. 
Alternative symbol for density. 

Diameter; total differential; density. 

Critical density. , 

Reduced density. 

Electromotive force; electrode potential. 

Base of Napierian logarithms; charge on an electron. 
Electrode potential referred to the normal hydrogen or the 
normal calomel electrode, respectively, the potential 
of which is taken as zero. 

Normal potential, that is, the electrode potential referred to 
the normal hydrogen or the normal calomel electrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
variable concentration. 

Faraday’s constant (number of coulombs per gram-equiv¬ 
alent of an ion). 

Acceleration due to gravity. 

Height. 

Current. 

Van’t Hoff’s coefficient. 

Mechanical equivalent of heat. 

Equilibrium constant. 

Equilibrium constant, when molar concentrations 
partial pressures respectively are employed. 

Velocity coefficient of reaction. 

Latent heat per mole. 

Length; latent heat per gram. 

Molecular weight. 

Molecular rotatory power. 

Molecular magnetic rotatory power. 

Mass. L 

Avogadro’s constant (Loschmidt’s number) or number op 
molecules in 1 gram-moleoule. f 

Refractive index. 


“y 
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LIST OIF PHYSICO-CHEMICAL SYMBOLS* 


List of Symbols , Arranged Alphabetically —(continued). 


Symbol. 

n t 9 n a 

», 

P 

P 

Vc> Pr 

Q 

B 


re, fi 

S 

T 

T. 

Tr 

T„ 

t 

tc 

t:> 

&r 

TJtt tJ a 


V 

v 

*>«, *>r 

W 

X 

a 

w 

7 

A 

S 

b 


**» € 


0 € *> 0 € 


V 

e 

K 

\ m A 
A Aoo 


A*, A a 
\ 

V- 

v 

2 


ir 



Name of quantity. 

Transport number of kation and of anion. 

Refractive index (alternative symbol). 

Pressure. 

Pressure. 

Critical pressure : reduced pressure. 

Quantity of beat; quantity of electricity. 

Gas constant per mole; electrical resistance. 

Molecular refractive power, according to Gladstone and 
Bale, and to Lorentz and Lorenz respectively. 

Radius. 

Specific refractive power according to Gladstone and Bale, 
and to Lorentz and Lorenz respectively. 

Entropy. 

Absolute temperature. 

Critical temperature (on the absolute scale). 

Reduced temperature (absolute). 

Critical solution temperature (absolute). 

Time; temperature (centigrade). 

Critical temperature (centigrade). 

Critical solution temperature (centigrade). 

Reduced temperature (centigrade). 

Velocity of kation and of anion in cm./sec. when the poten¬ 
tial gradient is 1 volt per cm. 

Volume. 

Volume. 

Critical volume : reduced volume. 

Electrical resistance (alternative symbol). 

Mole fraction. 

Begree of dissociation (electrolytic, thermal, etc.); angle 
of optical rotation. 

Specific rotatory power. 

Surface tension; ratio of specific heats. 

Diffusion coefficient. 

Variation. 

Partial differential. 

Electrode potential (alternative symbol); dielectric con¬ 
stant. 

Electrode potential referred to the normal hydrogen or the 
normal calomel electrode respectively, the potential of 
which is taken as zero (alternative symbols). 

Normal potential, that is, the electrode potential referred to 
the normal hydrogen or the normal calomel electrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
variable concentration (alternative symbols). 

Viscosity. 

Temperature (centigrade), (alternative symbol). 

Specific conductance (conductivity); magnetio suscepti¬ 
bility. 

Equivalent conductivity. 

Equivalent conductivity at different dilutions (volumes in 
litres containing 1 gram -equivalent). 
Equivalent*conduetivity of kation and of anion. 
Wave-length of light. 

Molecular conductivity; magnetic permeability. 

Ratio of circumference to diameter. 

Summation. 

Surface tension (alternative symbol). 

Fluidity. 

Specific magnetic rdtation. 



SYNTHETICAL EXPERIMENTS IN TBQgl NAPHTHYRTDINE GROUPS. 1493 

CC .—Synthetical Experiments in the Naphthyridine 

Groups . 

By John Masson Gulland and Robert Robinson. 

The sodamide method of Tschitschibabin (J. Buss. Phys. Cherrt* 
Soc., 1914, 46, 1216; 1915, 47, 835) has rendered many a- and^ 
y-aminopyridine derivatives readily accessible, but it is still difficljF^ 
to obtain p-aminopyridines in quantity. We have utilised the fact 
that 2 :6-dimethylcinchomeronic acid is easily prepared (Mumm 
and Hiineke, Ber., 1917, 50, 1568) in devising a method of prepar¬ 
ation of 3-amino-2 :6-lutidine (III). 2 : 6-Dimethylcinchomeron- 
imide (I), obtained from the acid by heating with carbamide (com¬ 
pare Herzog, Z . angew. Ghent., 1919, 32, 301; Lawson, Perkin, 
and Robinson, J., 1924, 125, 634), is converted by potassium 
hypobromite and potassium hydroxide into a salt of 3-amino~2 : 6- 
dimethyKsonicotinic acid (H). This acid yields the aminolutidine 
on distillation with soda-lime. The product is quite different 

Me/NcXX Me/\c0 2 H Me/\ 

Nl^yNHg N^^JNHa 

Me Me Me 

(i.) (ii.) (in.) 

from 4-amino-2 : 6-lutidine (Marckwald, Ber., 1894, 27, 1325), and 
this fact establishes the constitution of the new base. We have 
made many fruitless attempts to convert this aminolutidine into 
1 : 7-naphthyridine derivatives, for example, by condensation with 
acetylacetone and by application of the Doebner-Miller synthesis* 
The reactivity of the nucleus appears to be feeble. The diazonium 
salt derived normally from the base couples with phenol with form¬ 
ation of lutidineazophenol, the 0-methyl ether (IV) of which was 
examined by the method of Jacobson for the semidine transformation 
on reduction. No evidence of this was obtained, and as regards 
the benzidine transformation, Friedl (Monatsh., 1913, 34, 765) has 
prepared 3-hydrazopyridine, but makes no mention of a molecular 
rearrangement of this substance. Intramolecular changes of these/ 
types are clearly not facile in the pyridine series. 4 py- -i 



3e 


yol, oxxvn. 
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The copyrine synthesis from derivatives of oo-diaminohenzophenone 
and 1: 3-diketones described by Lawson, Perkin, and Robinson 
(loc. cit.) involves a very satisfactory reaction from the point of 
view of yield and convenience, but the number of available diamino- 
bcnzophenoiies is limited. We have now obtained 2 :4: 2': 4'- 
tetra-aminobenzophenone (V), and from it, by condensation with 
-j^^tylacetone, a diam%7wdimethyldibenzocopyrim (VI). 

^Further brief indications of synthetical schemes will be found in 
the experimental section. 

Experimental. 

2 : 6-DimethyUi7ichorrieroriimide (I). — In the preparation of 
2:6-dimethylcinchomeronic acid (Mumm and Hiineke, Zoo. cit) 
the isolation of the ester was found to be unnecessary. The 
product of the condensation of ethyl acetylpyruvate (83 g.) with 
ethyl p-aminocrotonate (69*3 g.) in ether (40 c.c.} was, after 15 hours, 
hydrolysed with potassium hydroxide (25 g.) dissolved in 70% 
alcohol (150 c.c.). Following steam distillation, the liquid was 
acidified with respect to Congo-red, and sodium acetate added to 
neutralise the mineral acid. The acid, m. p. 274° (pure 275°), 
crystallised from the solution in quantitative yield. The con¬ 
version into the imide by heating the ammonium salt at 230°, as 
described by Mumm and Hiineke, is troublesome, and the following 
process is far more convenient. The acid (10 g.) and carbamide 
{5 g,) were heated together with stirring at 225° until ammonia 
was no longer evolved (about 5 minutes), then at 230° for a few 
moments, and the mass was cooled and extracted with alcohol. 
The substance, m. p. 230° (Mumm and Hiineke give m. p. 230°), 
crystallises from the solution in yellow needles (yield 81%). 

Z-Amino-2 :6-dimethylisonicoiinic Acid (II). (Compare Gabriel 
and Column, Ber., 1902, 35, 2832, for the preparation of 3-amino- 
&onicotinic acid from cinchomeronimide).—Finely-powdered 2 : 6- 
, dimethyloinchomeronimide (20 g.) dissolved when it was gradually 
' added to a well-stirred, ice-cold solution of potassium hypobromite 
prepared from bromine (18*2 g.) and 10% aqueous potassium 
khydroxide (300 c.c.). After 2 hours, 10% potassium hydroxide 
*(160 c^) was added and the mixture heated for 10 minutes on the 
^ steaini-bath. The solution was acidified with respect to Congo-red 
with hydrochloric acid and evaporated to dryness under diminished 
pressure on the steam-bath. The residue was extracted twice with 
bo iling alcohol, and the filtered solutions were concentrated to a 
small bulk, dilute hydrochloric acid (20 c.c.) being added to prevent 
I the separation of inorganic salts. The hydrochloride of the amino- 
aeid, which crystallised on cooling, was washed, dried (yield 16 g. 
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oj applying the Camps synthesis of 2 :4-dihydroxy quinoline from 
mthranili^ acid (Arch. Pharm ., 1899, 237, 659). The attempt was 
ibandonetf on account of the difficulties encountered, and indicated 
:n the sequel, but also because Seide (Ber., 1924, 57, 1806) failed 
uO obtain a naphthyridine derivative in a similar manner from 
2-aminonieotinic acid. 

Methyl 3-Amino-2-methylcinchoninate. —The acid is not esterified 
when its solution in dry methyl alcohol (25 g. in 500 c.c.) is saturated 
with hydrogen chloride and heated under reflux for 3*5 hours. This 
phenomenon is not abnormal, since the conditions for the exercise 
of powerful steric hindrance are present, whilst, in addition, the 
Basic character of the substance operates against the exhibition of 
oxonium character by the oxygen atoms of the carboxyl group. 

A mixture of the acid (10 g.), sulphuric acid (10 c.c.), and methyl 
alcohol (100 c.c.) was boiled under reflux for 7 hours. Barely 1 g. 


of the ester was ultimately isolated as a viscous, yellow oil which 
soon solidified; it crystallised from light petroleum (b. p. 60—80°) 
in canary-yellow needles, m. p. 83—84° (Found : C, 66*4; H, 5*6. 
C 12 Hi 2 0 2 N2 requires C, 66*7; H, 5*6%). The substance exhibits 

| >rilliant blue fluorescence in ethereal solution, and is readily soluble 
n dilute hydrochloric acid and most organic solvents. The acetyl 
lerivative was apparently not produced by the action of boiling 
icetic anhydride alone, but when the ester was boiled with an 
excess of acetic anhydride and fused sodium acetate for 10 minutes 
substance was isolated in about 35% yield, which crystallised 
om benzene-light petroleum in pale yellow needles, m. p. 169°. 
his is cjloubtless methyl 3-acetylamino-2~methylcinclioninate, but the 
icthod (.of preparation is very unsatisfactory and attempts, unfor- 
lrately fruitless, were made to reverse the order of the operations. 
•A cet$ amino-2~methylcinchoninic acid . A mixture of amino- 
^■pcinchonimc acid (10 g.), fused sodium acetate (10 g.), and 
Hfenhydride (30 c.c*) was gently heated over a free flame until 
Sous reaction set in and the yellow colour disappeared. After 
I Mioated to incipient ebullition for a minute, the product was 
| 1|| decomposed with water, and the precipitate collected and 
I *10 g.). The material was a mixture, and an acidic fraction 
| JBparated from a neutral fraction (A) by means of dilute aqueous 
| JB* carbonate. The acid precipitated from the filtered alkaline 
[fWfh was at first gelatinous, but became crystalline when the 
mm e was heated on the steam-bath for about 10 minutes. The 
■Sr c ice crystallises from much hot water in small, colourless 
p; liS^ which, after drying in a vacuum, lose 10-3% at 100° and 
1 ^^PBave.'m. p. 286° (Found in material dried at 100°: 0, 64*2; 
Ijjfg, C 13 H 12 b 3 N 2 ,l-5H g O requires H a O, 9-6% and O^OgNj 
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requires C, 63-9; H, 4*9%), This compound is sparingly soluble 
in most organic solvents, but dissolves in dilute hydrochloric acid 
at about 40° and separates again on cooling. The acetyl group 
was not removed when a solution of the substance in dilute aqueous 
sodium hydroxide was boiled for 4 hours; a sodium salt separated 
in silky needles from the cooled solution and by treatment with 
dilute acetic acid gave the unchanged acid, m. p. 286°. 

A curious result followed an attempt to esterify the acid. A 
mixture of 3-acetylamino-2-methylcinchoninic acid (2 g.), sulphuric 
acid (3 c.c.), and methyl alcohol (20 c.c.) was boiled under reflu? 
for 3*5 hours. After distillation of half the methyl alcohol, the 
mixture was added to water and ammonia and extracted witl 
ether, which removed nothing. The ammoniaeal solution was thei 
acidified with hydrochloric acid and, on keeping, 1*9 g. of a yellow 
substance separated which crystallised from water in feathery | 
yellow needles, m. p. 217° (decomp.) [Found: loss at 100°, 14*3 
in material dried at 100°, C, 64-8; H, 5*1. C 24 H 22 O 5 N 4 (2C 11 H 10 O 2 N, 
+ C 2 H 4 0 2 -H.O) requires C, 64*6; H, 4*9% and C 24 H 22 0 5 N 4 j 4H 2 C 
requires H 2 0, 13*9%). When the acetylamino-aeid was boilec 
with concentrated hydrochloric acid it was quickly converted intc 
an acid, devoid of basic properties, which, crystallised from dilut 
hydrochloric acid and then from alcohol, formed bright yellot 
needles, m. p. 234—235° (Found in material dried in a,vacuum! 
loss at 100°, 5*6; in material dried at 100°, C, 63*1, 634; H, 5*5| 
5*6; N, 12-8%). Both substances, m. p. 217° and m. p. 234—235^1 
are acids which are readily soluble in aqueous sodium carbonatll 
and the latter was shown to be unaffected by boiling dilute^ aqueou I 
sodium carbonate in \ hour. We have not reached any defmitj 
conclusion as to the nature of these substances. 

Anhydro-3~acetylamino~2-methylcinchoninic Acid .—The 
(A) obtained in the course of the acetylation of amino: 
cinchoninie acid crystallised from alcohol or benzene in co 
needles, m. p. 199—200° (Found: C, 69*1; H, 4*6; IS 
C 13 H 10 O 2 !J 2 requires C, 69*0; H, 4*4; N, 124%). Onboilb 
water, the substance is slowly hydrated, but more rapidly in p 
of sodium hydroxide, with the formation of 3-acetylai 
methylcinchoninie acid, m. p. 286°. The substance res 
acetylanthranil (compare Sehroeter and Eisleb, AnncderT 
367, 124), and its constitution is probably analogous (O in* 

NPh) to that of the pyrimidine derivative described bel( 

1 -Keio-2-phenyl- 3 : 5- dimethyl-l : 2 - dihydro - 2 : 4: 6 - nap 

triazine, C$H 4 MeN—A mixture of anhydro-3-i 
N—CMe J 

armno-2-methylcinchoninic acid (0*7 g.) and aniline (2 c.c. 
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boiled for !2 minutes and cooled, and the product was washed with 
alcohol add crystallised from much alcohol, separating in yellow 
needles, m. p. 235° (Found : C, 75-6; H, 5*3. C 19 H 15 ON 3 requires 
0, 75*7; jH, 5*0%). This sparingly soluble substance is a weak 
base and; is precipitated unchanged on addition of water to its 
solution in concentrated hydrochloric acid. 

2 : 4 : 2': 4'- Tetra-aminobenzophenone (V).—Schopff’s method of 
tetra-nitration of diphenylmethane (Ber., 1894, 27, 2318) resulted 
in inferior yields, and the following method effected a considerable 
improvement. Molten diphenylmethane (53 g.) was added drop 
by drop to a stirred solution of potassium nitrate (128 g.) in sulphuric 
acid (360 g.) maintained below 25°. An equal quantity of potassium 
nitrate was then introduced and the mixture frequently shaken and 
heated on the steam-bath for 30 minutes. The isolation was by 
the method of Schopff, and the yield 70%. The oxidation of tetra- 
nitrodiphenylmethane with chromic and acetic acids as described 
by Stadel (Annalen, 1883, 218, 341) proved a most unsatisfactory 
process and, after numerous trials, we finally adopted the following 
conditions. Tetranitrodiphenylmethane (10 g.) was dissolved in 
concentrated sulphuric acid (90 g.) and water (10 g.), and a con¬ 
centrated aqueous solution of chromic acid (5-8 g.) added with 
vigorous agitation, the temperature being maintained below 40°, 
The mixture was finally heated for an hour on the steam-bath, 
added to water, and the precipitate collected and dried (7-5 g. or 
72%). A specimen crystallised from acetic acid melted at 224— 
'225° and for ordinary purposes the crude product can be satis¬ 
factorily purified by extraction with hot ethyl acetate. A good 
criterion of purity is the absence of the blue coloration with alcoholic 
potassium hydroxide which is so characteristic of tetranitrodi¬ 
phenylmethane. 

I tetranitrobenzophenone (10 g.) was suspended in a mechanic- 
birred mixture of acetic acid (100 c.c.) and concentrated 
chloric acid (66 c.c.), and granulated tin (46 g.) gradually 
* After about 20 hours, the liquid contained no solid nitro- 
und in suspension and gave a clear solution with water, 
ont water to dissolve the tin salt was added, and the filtered 
>n rendered strongly alkaline by the addition of sodium 
ride. After a few hours, the black sludge and yellow needles 
ollected, dried, and extracted several times with hot alcohol, 
yellow prisms (3 g.) separated on cooling the concentrated 
ts; the base, recrystallised from alcohol, had m. p. 202° 
i : C, 64'Jh H, 6*0; N, 23*2. C 13 H u ON 4 requires O, 64*6; 

N, 23/1%). Tetra-aminobenzophenone is readily soluble 
tone, et^yl aoetate, or methyl alcohol, sparingly soluble in 
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benzene or chloroform, and very sparingly soluble in ether* Just 
above its m. p. the substance evolves ammonia; the residue dis¬ 
solves in dilute hydrochloric acid, the yellow solution exhibiting J 
bluish-green fluorescence. This behaviour indicates the formation j 
of diaminoacridone. On treatment of an acid solution with sodium j 
nitrite, a brown precipitate is thrown down and the solution contains ! 
a diazonium salt. 

10 : 15-Diamino-1 : 8 - dimethyldibenzocopyrine (YI). — Concen¬ 
trated hydrochloric acid (5 c.c.) was added to a mixture of 
2:4:2': 4'-tetra-aminobenzophenone (1 g.), acetylacetone (1 g*), 
and water (25 c.c.), and the whole gently heated. In about \ minute 
orange crystals separated and the mixture was then boiled for a 
minute and cooled. The crystals were collected, washed with 
alcohol, and dried in a vacuum (Found : Cl, 26*6. C 18 H 16 N 4 ,3HC1 

requires Cl, 26*7%). This hydrochloride occurs in orange-red, 
rectangular plates, which decompose without melting at 310°. 

It crystallises in beautiful leaflets when hydrochloric acid is added 
to an aqueous solution. The yield in the preparation is almost 
quantitative if account be taken of the small amount of base 
recoverable from the original filtrate. In order to obtain the free 
base, the salt was dissolved in boiling dilute acetic acid and! 
potassium hydroxide added until crystals began to separate. TheF 
heating was then discontinued and the remainder of the base* 
precipitated by the further addition of potassium hydroxide. TheB 
substance was collected, washed, dried, and dissolved in a large! 
volume of hot alcohol (charcoal). The filtered solution wait con-1 
centrated by distillation and, at a certain stage, pale brownj cubesB 
were deposited from the hot solution (Found : C, 75*2; K, 5*6;■ 
N, 19*2. C 18 H 16 N 4 requires C, 75*0; H, 5*6; N, 19*4%):f The! 
substance is sparingly soluble in most organic solvents a:)d its! 
alcoholic solution exhibits a weak green fluorescence. It be£< 
decompose at about 305°, but does not melt at 340°. The 
can be normally tetrazotised and coupled with (3-naphthol to pr 
a crimson azo-compound. 

An attempt to shorten the preparation was made, the prodi 
reduction of tetranitrobenzophenone (1 mol.) being treated 
zinc to eliminate tin and then with acetylacetone (3 mols.) o: 
steam-bath. After the red precipitate had been treated 
successive quantities of cold alcohol, the residue consisted o 
above-mentioned trihydrochloride. The alcoholic filtrates 
evaporated to dryness; the residue crystallised from dilute In 
chloric acid in dark red needles which, air-dried, lost 19*6% at. 
leaving a purplish-brown mass with a green reflex. This salt exh 
a most brilliant green fluorescence in solution and contains a di 
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or 60%), and recrystallised from dilute hydrochloric acid, separating 
in slender, pale yellow needles, decomp. 248° (Found in material 
dried over sulphuric acid : Cl, 14-9; loss at 110°, 8*4; loss at 130°, 
15*2. C 8 H n 0 2 N 2 Cl,2H^0 requires Cl, 14*9; 1H 2 0, 7*6; 2H s O, 
15*1%), The long, yellow needles which separate from alcohol 
have m. p. 253—255° with previous slight darkening. This salt is 
readily soluble in water and sparingly soluble in dilute hydrochloric 
acid. The amino-group can be diazotised and coupling with 
p-naphthol produces a red azo-compound. 

Sodium acetate was added to a concentrated aqueous solution 
of the hydrochloride, and the pale yellow, oblique-ended prisms of 
the acid which slowly separated were washed, and dried over 
sulphuric acid (Found : loss at 110°, 5*1; in material dried at 
110°, C, 57*9; H, 6*1. C 8 H 10 O 2 N 2 >0’5H 2 O requires H 2 0; 4*9. 
C 8 H 10 O 2 N 2 requires C, 57*8; H, 6*0%). The acid is sparingly 
soluble in neutral organic solvents, more readily soluble in water, 
and easily soluble in alcohol; it melts at 295° after darkening at 
285°. The copper salt occurs in yellow, prismatic needles, moder¬ 
ately soluble in water, and the lead salt in colourless, quadrilateral 
or hexagonal prisms which do not melt at 315°. 

3-Amino-2 : 6-lutidine (III).—A mixture of the hydrochloride of 
aminodimethylfeonicotinic acid (15 g.) with powdered soda-lime 
(5 parts) was strongly heated in a combustion tube in a stream of 
hydrogen. The distillate, which solidified (6*4 g.), crystallised from 
benzene in colourless needles, m. p. 122°, and from water in needles 
which melted indistinctly between 70° and 75° and lost 14*4% on 
drying over potassium hydroxide in a vacuum; they then melted 
at 122° (Found: C, 68*7; H, 8*4; N, 22*9. C 7 H 10 N 2 requires 
0, 68*8; H, 8*2; N, 22*9% and C 7 H 10 ^ 2 ,H 2 O requires H a O, 14*7%). 

This strong base has a characteristic odour and is readily soluble 
in most organic solvents, although somewhat sparingly soluble in 
, ether* The hydrochloride is very readily soluble in water and 
i separates from alcohol in flat needles, m. p. 235°. 

I 3-p-Hydroxybenzeneazo~2 : 6-lutidine (corresponding with IV).— 
I 3-Aminolutidine (4*2 g.) was diazotised below 2° in hydrochloric 
acid (13*7 c.c.; d 1*16) and water (80 c.c.) with sodium nitrite 
(3*6 g.) in water (50 c.c.)* The diazo-solution was slowly added 
* to a cold, agitated solution of phenol (3*2 g.) and sodium hydsps^Jj 
(6*9 g.) in water (100 c.c.), and, after 5 minutes, the dark red solution 
was saturated with carbon dioxide. The orange-brown precipitate, 
after being washed and dried (yield 6*7 g. or 86%), crystallked 
from toluene in flat, orange needles, m. p. 240° (decomp.) (Found 
; material dried at 110°: C, 68*9; H, 5*9; N, 18*6* O^H 1S 0N 3 

quires 0, 68*7; H, 5*7; N, 18*9%). The substance is sp^og^ 

2 w 2 
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soluble in ether, benzene, or chloroform, and is moderately readily 
soluble in alcohol, acetone, or ethyl acetate. The solutions in 
concentrated sulphuric and hydrochloric acids are bright red and 
the hydrochloride crystallises from dilute hydrochloric acid in orange- 
yellow needles, m. p. 239—240° (decomp.) (depressed by admixture 
with the base). In caustic alkalis, an orange-red solution is 
obtained, but the compound is less readily soluble in aqueous 
ammonia than benzeneazophenol. 

The methyl ether (IV), which could not be obtained by the action 
of methyl sulphate on the phenol, since methylation of the tertiary 
nitrogen atom ensued, was prepared by Pyman’s method (J., 1918, 
113, 227) for the O-methylation of phenolic bases; the conversion 
^oTltenzeneazophenol into benzeneazoanisole by this process was 
found to be 75%. The lutidineazophenol (2 g.) and sodium methyl 
sulphate (3-6 g.; 3 mols.) were added to a solution of sodium 
isoamyloxide (from 0*2 g. of sodium) in wamyl alcohol (20 c.c.), 
and the mixture was boiled under reflux for 2 hours, the colour 
changing from red to dark brown. Ether and dilute sodium hydroxide 
solution were added to the cold mixture, and the ethereal layer was 
washed with dilute alkali and water, filtered, and the solvent 
removed by distillation and steam distillation. The residue crystal¬ 
lised on cooling (yield 1*86 g. or 87*7%); 0*25 g. of unchanged 
phenol was recovered. Lutidineazoanisole is rather readily soluble 
in organic solvents and crystallises from light petroleum in elon¬ 
gated, diamond-shaped, red plates, often forming radiating clusters; 
it melts at 81—82° and solidifies to a yellow mass on cooling. When 
the bright red crystals were collected, they became yellow in places, 
but the change did not progress on keeping (Found : C, 69*6, 
69*4; H, 6*2, 6*2. C 14 H 15 ON 3 requires C, 69*7; H, 6*2%). The 

hydrochloride , orange needles, sparingly soluble in dilute hydro¬ 
chloric acid, melts to a paste at 112°, but, after drying at 100°, 
has m. p. 183—185° (decomp.). The semidine transformation was 
attempted by treatment of the ether both with acid reducing agents, 
such as alcoholic stannous chloride and hydrochloric acid, and with 
neutral reducing agents, such as aluminium-mercury and alcohol, 
and hydrogen in presence of palladium, followed by treatment with 
acids. The products gave no trace of triazole derivatives on treat¬ 
ment with nitrous acid. The failure of the semidine rearrangement 
also involved the breakdown of an otherwise feasible synthesis 
of harmine. 

Derivatives of Z-Amino-2-methylcinchoninic Acid .—The object in 
view in making the experiments described below was the conversion 
of the accessible 3-amino-2-methylcinchoninic acid (Lawson, 
Perkin, and Robinson, loc. cit.) into a 1 : 7-naphthyridine derivative 
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tisable amino-group. The amount of material at our disposal did 
not permit of further investigation. 

Benzoylveratroylmethane , PhCO*CH 2 *CO*C 6 H 3 (OMe) 2 . — Ethyl 
veratrate (10*5 g.) and acetophenone (7*5 g.) were condensed together 
by means of granulated sodium (2*3 g.) under dry ether (50 c.c.), 
and the diketone was isolated as the copper salt (5 g.) in the usual 
manner. This substance crystallised from benzene in pale green 
leaflets, m. p. 250° (Found: Cu, 10*1. C 34 H 30 O 8 Cu requires 
Cu, 10*1%). The benzoylveratroylmethane obtained by its decom¬ 
position with dilute sulphuric acid in presence of ether crystallised 
from methyl alcohol in pale yellow plates, m. p. 67°, and was readily 
soluble in most organic solvents (Found : C, 71*7; H, 5*6. C 17 H 16 0 4 
requires O, 71*8; H, 5*6%). An alcoholic solution is coloured 
greenish-brown on the addition of ferric chloride. 

Ethyl Benzoylveratroylacetate, (Me0) 2 C 6 H 3 *C0 , CH(C0 2 Et)*C0Ph. 
—As the yield of benzoylveratroylmethane was rather poor in the 
direct process, this ester was prepared, but it could not be hydrolysed 
so as to yield the desired product. 

Solutions of sodium ethoxide (from 8*7 g. of sodium) in alcohol 
(147 c.c.) and of veratroyl chloride (39*5 g.) in benzene (500 c.c.) 
were prepared. Half the sodium ethoxide solution was added to 
ethyl benzoylacetate (37*8 g.), and the mixture stirred and cooled 
to 0°. Half the veratroyl chloride solution was added during 
15 minutes, and the mixture allowed to remain for 30 minutes. The 
cycle of operations was repeated several times, on each occasion 
one-half of the volume of the solution which remained being added. 
After 12 hours, the dense, yellow precipitate of crude sodium salt 
was collected, washed with benzene, dried in the air, and decomposed 
in aqueous solution with 2A-hydrochloric acid. The bulky, white 
precipitate of the ester was taken up with ether and the extract 
rapidly dried and concentrated, when, on standing, most of the 
product separated in colourless nodules. The substance was recrys¬ 
tallised by addition of light petroleum to a benzene solution (at 
about 50°), the long, slender needles obtained having m. p. 125—126° 
(Found : C, 68*9; H, 5*8. O 20 H 20 O 6 requires 0,68*9; H, 5*7%). Ferric 
chloride added to an alcoholic solution developed a red coloration. 
When the ester (15 g.) was boiled with aqueous ammonia (10*8 c.c.; 
d 0*880) in Water (100 c.c.) for 5 minutes, the chief products were 
benzamide and ethyl veratroylacetate; veratramide, veratric acid, 
and acetophenone were also formed. Benzoic acid and acetoveratrone 
did not appear to be among the products of hydrolysis. 

2 : 4c-Dinitro-3': 4z f -methylenedioxystilbene* — We have prepared 

* This work on some derivatives of stilbene was carried out in collabor¬ 
ation with William Stafford, 

3e* 
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some stilbene derivatives in order to attempt to obtain 2 : 6-naph* 
thyridine derivatives by the dehydration of oo-diacylaminostilbenes. 

A molten mixture of piperonal (23 g.), 2 : 4-dinitrotoluene (27 g.), 
and piperidine (30 drops) was heated on the steam-bath for 3 hours, 
when the mass became solid. The very sparingly soluble product 
crystallised from acetic acid in bright salmon prisms, m. p. 180° 
(Found : C, 57*3; H, 3*2. C 15 H 10 O 6 N 2 requires C, 57*3; H, 3*2%). 

4:-Nitro-2-amino-Z ': 4:'-methylenedioxystilbene .—A cooled solution 
of dinitromethylenedioxystilbene (20 g.) in acetic acid (300 c.c.) 
was mixed with a solution of crystallised stannous chloride (40 g.) 
in acetic acid containing hydrogen chloride and stirred in the cold 
for 6 hours. The orange-yellow tin salt obtained was digested with 
water, and from the free, red amino-derivative produced the hydro¬ 
chloride was prepared in alcoholic solution, and decomposed by 
water. The base crystallised from alcohol in dark red prisms, 
m. p. 213° (Found : 0, 63*3; H, 4*4. C 15 H 12 0 4 ]Sr 2 requires C, 63*4; 
H, 4*2%). Its constitution may be inferred from the results of 
Thiele and Escales (Ber., 1901, 34, 2842) relating to the semi¬ 
reduction of 2:4-dinitrostilbene combined with the fact that 
ammonia and hydrogen sulphide reduced dinitromethylenedioxy- 
stilbene to a quite different isomeric base. 

2: 4z-Dinitro-2 f : S'-dimeihoxy stilbene was prepared from 2 : 4-di- 
nitrotoluene (18 g.), 2:3-dimethoxybenzaldehyde (17 g.), and 
piperidine (20 drops) as described above. It crystallised from 
acetic acid in bright yellow prisma, m. p. 165° (yield 31 g,; 94%) 
(Found : C, 57-9; H, 4*4. C 16 H 14 O^N 2 requires 0, 58*2; H, 4-3%). 

2-Nitro-4:-amino-2' : S'-dimethoxystilbene .—The conditions for the 
satisfactory preparation of 2-nitro-4-aminostilbene itself have been 
studied and the following method gives good results (compare 
Thiele and Escales, loo . cit.). Hydrogen sulphide was led for 
3 hours through a gently refluxing mixture of dinitrostilbene (20 g.), 
alcohol (250 c.c,), and aqueous ammonia (30 c.c.; d 0*880), The 
cooled solution was filtered, and the hydrochloride precipitated with 
hydrogen chloride; the base obtained from the salt separated 
irom alcohol in red crystals, m. p, 110°. 

Nitrosiilbenediazonium hydrogen sulphate is readily isolable in 
the crystalline condition and on decomposition with aqueous 
potassium iodide gives 4- iodo-2-nitrostilbene , bright yellow crystals, 
m. p. 105°. A similar reduction process was applied to dinitro- 
2': 3'-dimethoxystilbene and orange-red needles, m. p. 121—122°, 
were obtained (Found: 0, 63*6; H, 5*2. C 16 H ie 0 4 N 2 requires 
C, 64*0; H, 5-3%), 

2 : 4z~DiniiroS ': 4' -dimethoxystilbene, prepared from veratralde- 
hyde and 2:4-dinitrotoluene, crystallises from acetic acid in 
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stout, maroon prisms, m. p. 143°, sparingly soluble in alcohol 
(Found : C, 58*0; H, 4*4. C 18 H 14 0 6 ]Sr 2 requires C, 58*2; H, 4*3%). 
When triturated with acetic acid (35 c.c.) and nitric acid (25 c.c.; 
d 1*42), the substance (19 g.) became yellow; the product crystallised 
from acetic acid in short, yellow prisms, m. p. 192° (Found : N, 11*3. 
CisHisOgNa requires N, 11*2%). 

2:4: 6'-Trinitro-3': 4 '-dimethoxystilbene is readily soluble in 
acetone, but sparingly soluble in most other organic solvents. 

2 : 4:-Dinitro-2'-hydroxystilbene is obtained in poor yield from 
2:4-dinitrotoluene and salicylaldehyde in presence of piperidine. 
It crystallises from ethyl alcohol in light brown, irregular granules, 
m. p. 179—181° (Found : C, 58*6; H, 3*6. C 14 H 10 O 5 KT 2 requires 
C, 58*7; H, 3*5%), is readily soluble in most organic solvents, 
develops no coloration with alcoholic ferric chloride, and dissolves 
in aqueous sodium hydroxide to a red solution. 

2 : 4z-Dinitro-%'-methoxyA'-hydroxystilbene, produced (yield 67%) 
by condensation of 2 : 4-dinitrotoluene and vanillin in presence of 
piperidine, crystallises from acetic acid in stout, vermilion prisms, 
m. p. 193° (Found : C, 57*0; H, 3*8. C 16 H 12 0 6 N 2 requires C, 56*7 ; 
H, 3*9%). 

We desire to thank the Carnegie Trust for the Universities of 
Scotland for a Scholarship which enabled one of us (J. M. G.) to 
take part in this investigation. 

The Universities of St. Andrews 

and Manchester. [Received, April nth , 1925.] 


CCI .—The Rotatory Dispersive Power of Organic 
Compounds . Part XVII. /3- and n-Bulphonic 
Derivatives of Camphor. 

By Evan Matthew Richards and Thomas Martin Lowry. 

1. Purpose of the Observations . 

The experiments now described were undertaken in order to 
extend our knowledge of the rotatory dispersion of the derivatives 
of camphor, more particularly by including in the scope of our 
investigations a number of water-soluble compounds, since it 
appeared likely that the influence of the solvent would be reduced 
to a minimum when the optically active molecule is in a medium 
for which (just as in the case of a soap) it has no affinity except 
through the influence of a single ionisable group. Recent work on 
the^orientation of the ^-derivatives of camphor (this 

3e*2 '■ 
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has, however, made it possible also to draw important conclusions 
in reference to the influence of substitution on the dissymmetry of 
the camphor molecule in relation to its optical activity. 

2. Summary of Experimental Results. 

(a) Abnormality of the ir-Derivatives of Camphor. —The data now 
recorded confirm the conclusion, already arrived at in the preceding 
paper (Part XVI) from the study of the halogen compounds, that 
there is something mysterious about the optical rotatory power 
of the ^-derivatives of camphor. Thus, whereas the molecular 
rotatory powers of the a- and a'-bromo-derivatives of camphor and 
of P-bromocamphor differ by 425° and 540°, respectively (this vol., 
p. 1261), the corresponding derivatives of Tr-bromocamphor differ so 
little that the order of magnitude of their rotatory powers actually 
depends on the solvent chosen, the corresponding figure to those 
cited above being —47°. The present investigation has disclosed 
the further remarkable fact that, whilst the optical rotation of 
camphor, and of all the derivatives that have yet been examined 
(except camphorquinone), contains a high-frequency term (corre¬ 
sponding with the general absorption of a saturated molecule) and 
a low-frequency term (corresponding with the selective absorption 
of the unsatuxated ketonic group), the rotatory power of many of 
the ^-derivatives can be expressed, within the limits of experimental 
error, by a “ simple ” formula containing only a single low- 
frequency term. Thus the rotatory power of ammonium x-bromo- 
mmphor-ir-sulphomte, C 10 H 14 BrO*SO 2 *ONH 4 (Table I) in water 
agrees rigidly, over the whole range of the visual and photographic 
observations, with the theoretical values calculated from the 
. ^Simple ” dispersion equation a = 22-015/(A, 2 — 0-09668). The 
constant of this equation, A 0 2 = 0-09668 (X = 3109 
* ow frequency which is characteristic of the ketonic 
^»^ ? ^e hagh-frequency term of the parent ketone being reduced 
magnitude that it cannot be detected in the range 
of wave-fen^hs covered by the observations. The same beha¬ 
viour was observed in ammonium a-cMorocamphor-7r-sulphomte, 
CjoH^ClO-SO^ONB^ (Table II), the rotatory dispersion of which 
is also simple, and can be expressed completely, throughout the range 
covered by the visual and photographic observations, by the 
equation a = 17*677/(X 3 — 0*09946), from which we can deduce the 
value A 0 = 3154 A.U. The photographic observations were less 
regular than in the case of the bromo-compound, but only because 
the settings of the analyser did not happen to correspond with 
strong lines in the iron spectrum. 

In addition to these two salts, a- bromocamphor-v-mlphonethyl - 
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chloroamide* CioH^BrO'SO^NCl’^Hg (Table III), and a-hromo- 
camphor^-sulphoTidichloroamide^ C 10 H 14 BrO*SO 2 *NCl 2 (Table IV), 
gave a simple dispersion throughout the visible region (although 
in this case the curve was not followed into the photographic 
region), the value of the dispersion constant being A 0 2 = 0*09969 
(A = 3157 A.U.) for the former and = 0T0719 (A 0 = 3200) 
for the latter compound. An isomorphous mixture of the stereo- 
isomeric olu -bromochlorocamphor-ir-sulphoriamides* 
C 10 H 13 ClBrO*SO 2 *NH 25 

the data for which are not reproduced, gave, however, a dispersion 
curve which, although it deviated only moderately from the simple 
law in the red, green, and blue regions, swung aside sharply in the 
violet, the dispersion being therefore obviously complex. 

The predominance of the low-frequency term which is such a 
striking property of the 7r-sulphonic derivatives of camphor is not 
a completely new feature, since it can already be seen in the simple 
bromo-derivatives. Thus, whereas the two partial rotations of 
camphor are comparable in magnitude, the rotation constants of the 
low- and high-frequency terms being +• 294 and — 201, respect¬ 
ively, the corresponding constants of a?r- dibromocamphor are 
+ 25*2 and — 5*7 only. 

(b) Properties of the p- Derivatives .—Whereas the ^-derivatives 
of camphor have an exceptionally high rotatory power, substitution 
in the p-position generally causes a diminution of rotatory power. 
Thus the rotatory power of Reychler’s well-known camphorsulph- 
onic acid, O 10 H 14 O*SO 2 *OH (Table V), in water, [a]^^ = + 304°, 
[Jf] 546 i — + 70*7°, is actually lower than that of camphor in 
benzene, [oi] mi ~ + 52-34°, [if] 6461 = + 79»7° (compare p-bromo- 
camphor, this vol,, p. 1261). The dispersion of the acid is, however, 
obviously complex, since a simple formula which agrees with the 
data for the red and blue lines Zn 6362 and Zn 4811 shows a deviation 
of + 1*5° in the green, — 21° in the violet, and — 196° in the ultra¬ 
violet at 3969 A.U. In this respect, the sulphonic acid closely 
resembles camphor itself; and it was found that by using the 
same dispersion constants as in the case of camphor (this vol., 
p. 612) a two-term formula could be fitted to the curve for the 
sulphonic acid with fairly good results, the maximum deviation in 
the photographic readings being about 2° in each case. Whereas, 
however, the deviations in the case of camphor were distributed 
irregularly as regards sign and magnitude, and were clearly within 
the limits of the errors of observation, the deviations in the case 
of the sulphonic acid (on readings of smaller magnitude) were 
obviously systematic, since the errors were all positive in the visual 
* Available through the kindness of Prof. Pope and Mr. F. G. Mann. 
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region and all negative in the photographic region. A revised 
formula was therefore deduced in which the systematic errors were 
reduced to a small fraction of their former magnitude.* It should 
be noted that this was probably the only attempt that we have 
made to deduce the constants of a dispersion equation from external 
data, and that it was a failure, mainly because we were fortunate 
enough to be working with a long column of a strong aqueous 
solution of a transparent substance, so that our observed rotations 
were nearly twice as great as the specific rotations deduced from 
them. 

As might be expected, the a-derivatives of Reychler’s camphor- 
p-sulphonic acid show higher rotations than the parent compound. 
Thus potassium a-chlorocamphor-p-sulphonate, C 10 H 14 ClO*SO 2 *OK 
(Table VI), and potassium a-bromocamphor-P-sulphonate, 
C 10 H 14 BrO*SO 2 *OK (Table VII), gave higher rotations than camphor, 
namely, [«]*„ = + 774°, - + 236° and [a] 546X « + 111.3 0 , 

389°, respectively. The dispersions of these salts are 
complex but normal, the two partial rotations being of similar sign 
in each case. 

The svdpJumamide y C 10 Hi 5 0• SO^ISTHg, of Reychler’s acid is remark¬ 
able in being almost inactive, [ot] 5461 = + 04° only. It was 
therefore of interest to find out whether this small rotatory power 
was due to the small asymmetry of the compound, or to an anomal¬ 
ous dispersion, the small readings being then due merely to the 
observations falling in a region near to the wave-length at which an 
inversion of sign takes place. Observations for two other lines gave 
M 5780 = — [a] 43 58 = + 1546°, showing that there is actually 

a reversal of sign, although the rotations are still small, and do not 


indicate that any large optical rotatory power would be developed 
in the accessible region of the spectrum. 


The anhydramide, 


c 8 h^ch 2 

O^S—N—C 


of Reychler’s acid (Table VIII) 


has a rotatory power, [oc]^ = - 35 - 9 °, == - 76-5°, of 

about the same magnitude as the parent compound, but opposite 
in sign, since the anhydramide derived from d-camphor is lsevo- 
rotatory. The dispersion of this compound conforms closely to 


* We are indebted to Mr. G. Owen, M.Se., for this recalculation, which 
extended over a period of several months, and involved the investigation of 
more than a score of formulae, before a satisfactory agreement was reached. 
The ultimate alteration in the constants was, however, relatively s ma ll, 
showing that a full series of readings fixes these constants within fairly narrow 
limits, thus : 

*1- K Ai 2 . A a *. 


Old formula . 21*523 -17*586 0*0872 0*0528 

New formula. 22*17 -18-32 0-085815 0*04945 
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Biot's law of inverse squares, but, on account of its small dispersion 
ratio, must be formulated as complex, just as in the analogous 
cases of sodium tartrate (Lowry and Austin, Phil. Trans., 1922, 
A , 222, 278) and octyl oxalate (Lowry and Richards, J., 1924, 
125, 1593). This observation is, however, of considerable interest 
in that, as a result of eliminating the ketonic double bond of 
camphor and replacing it by an imido-link in a closed ring, the 
low-frequency term in the dispersion equation has been reduced to a 
proportion which is almost negligible, whereas in the 7r-derivatives 
it is the high-frequency term which disappears from the equation. 

3. Relation between Rotatory Dispersion and Absorption. 

As in the case of Parts XV and XVI, publication of the dispersion 
data in the present paper has been delayed for more than a year 
in order to correlate them with measurements of absorption. A 
detailed comparison of the dispersion constants with the wave¬ 
lengths, X a , of the absorption bands now gives the results shown 
in the following table. 


Dispersion Constants of Sulphonic Derivatives of Camphor . 


Ammonium a- 
chlorocamphor- 

*r 

V- 



A a . A a . 

ir-sulphonat© +17*677 

Ammonium a- 
bromocamphor- 


0*09946 


3150 

3030 +120 

ir-sulphonate +22*015 

a-Bromocamphor- 

7 r-sulphonethyl- 


0*09668 


3110 

Am'3020 + 90 
K' 3040 

chloroamide +25*889 

a-Bromocamphor- 
7r~sulphondi- 


0*09969 


3160 


chloroamide + 23*897 

Camphor-jS-sul- 


0*10719 

— 

3275 

— —■ 

phonio acid +22*17 

Camphor-S-sul- 
phonanhydr- 

-18-32 

0*08515 

0*04945 

2920 

2850 + 70 

amide ......... — 

Potassium a- 
chlorocamphor- 

-10-690 


.0* 



/2-sulphonate +12*060 

Potassium a- 
bromocamphor- 

+ 6-1354 

0*09768 


3125 

3000 +125 

#-sulphonate +18*78 

+ 6-669 

0*09517 

—■ 

3085 

3030 + 55 

* This compound conforms closely to Biot’s law of rotatory dispersion. 


In general, these constants follow one another fairly closely; 
thus Reychler's acid, which gives an abnormally small value for 
X^, is also seen to give an exceptionally small value for X a . As 
in all the cases hitherto examined, however, there is a steady dis¬ 
crepancy between the characteristic wave-lengths, X x and X a , 
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as deduced from the optical rotations and from the absorption 
spectra respectively. Since this discrepancy is in the same direc¬ 
tion as in every previous case, and is, moreover, of the same order 
of magnitude, namely, 90 A.U. as an average of five individual 
cases, it may now be regarded as a perfectly normal phenomenon. 
It therefore calls for no further comment, except to add that the 
“ simple ” one-term equations now worked out for some of the 
7r-derivatives show just the same degree of concordance, and there¬ 
fore rest on just as secure a foundation, as the “ complex ” two- 
term equations of the preceding paper of this series. In those cases, 
it was assumed in advance that the total rotation contains two 
partial rotations of unequal frequency; if a similar assumption were 
made in the present case, it would merely result in the development 
of equations in which h 2 = 0. 

Attention may also be directed to the fact that camphor-(3- 
sulphonanhydramide (in which the low-frequency partial rotation 
has disappeared from the equation as a sequel to elimin ating the 
ketonic oxygen) is exceptionally transparent in the ultra-violet, 
and exhibits only a general absorption of light, without even a 
C£ step-out ” to mark the presence of an incipient selective absorp¬ 
tion (Lowry and Desch, J., 1909, 95, 1343). 

4. Discussion of Experimental Results . 

In view of the proof that has recently been given (Wedekind, 
Schenk, and Stiisser, Ber., 1923, 56, 663; compare Lowry and 
Burgess, this vol., p. 279) that the (3-derivatives, like the 7 r-deriv- 
atives, are formed as a result of substitution in a methyl group, 
the three positions in which substitution can take place in the 
camphor molecule can be shown in two alternative aspects as in 
I and II : _V 

H 

| ci,\ 

<“•) 

(jHo ^JHo 

Both methods of formulation bring out the fact that the molecule 
is almost symmetrical above and below the dotted horizontal line, 
and would indeed become completely symmetrical if (i) the >C0 
group were reduced to >CH 2 , and (ii) the terminal methyl were 
replaned by hydrogen, or conversely. A still closer approach to 
symmetry can he seen in formula I, where the only element of 
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dissymmetry about a vertical plane perpendicular to that of the 
paper would again disappear if the CO group of camphor were 
reduced to CH 2 . 

(a) Simple Dispersion of ^-Derivatives .—In summarising the 
experimental results it was stated that the rotatory dispersion of 
several of the 7r-derivatives can be expressed by means of a single 
term of Drude’s equation, governed by a low-frequency dispersion 
constant only. In cases such as these, one may always suspect 
that the apparent simplicity of the low-frequency dispersion may 
mask the presence of a high-frequency term instead of eliminating 
it completely; but this does not excuse us from the necessity of 
inquiring why the high-frequency term has become impotent, or 
why this impotence should appear abruptly on passing from one 
group of compounds to another. The phenomenon to be accounted 
for is indeed very similar, whether the dispersion is fundamentally 
“ simple ” or only simple within the limits of experimental observ¬ 
ation. In the analogous case of camphorquinone (J. } 1924, 125, 
2511), the disappearance of the high-frequency term from the 
equation can be accounted for by noticing that (i) the low-frequency 
partial rotation of the unsaturated quinonoid' group has a character¬ 
istic period in the visible spectrum, and therefore dominates com¬ 
pletely the rotatory power of the molecule in the restricted region 
•within which the compound is transparent, whilst (ii) the high- 
frequency partial rotation (which we attribute to the direct influence 
of the two asymmetric carbon atoms) is almost cancelled out by 
the growing symmetry of the molecule, since each asymmetric 
carbon atom is now adjacent to a CO group, and the only element 
of dissymmetry which remains is due to a contrast between hydrogen 
and methyl, so that ayocamphorquinone (unlike apocamphor) 
would be optically inactive. In the case of the 7r-sulphonic deriv¬ 
atives these two asymmetric carbon atoms, which are already 
partly compensated in camphor itself, have been still more closely 
compensated by the introduction of symmetrically-placed sulphonic 
groups in the median plane between them, and therefore contribute 
only a negligible partial rotation to the total rotatory power of 
the molecule. In both cases, then, the disappearance of the high- 
frequency term can be associated with the approximate symmetry 
of the molecule about the median plane, just as in the case of 

camphoric anhydride, C 8 H 14 <!qq> 0, the specific rotatory power 

of which is less than 1° (Lowry, J., 1903, 83, 968). 

(b) Induced Asymmetry in the ^Derivatives of Camphor .—The 
increased magnitude of the low-frequency partial rotations, which 
is such a striking property of the v-derivatives, can be accounted 
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for by noticing the increased difference between the groups on either 
side of the vertical plane in formula II, since it is this difference 
alone which makes it possible to attribute an “ induced asymmetry ” 
to the ketonic group. A much more striking anomaly is, how¬ 
ever, to be found in the fact that the reversal of sign of the >CHBr 
group in the a- and a'-derivatives, which has. an enormous effect 
on the rotatory power of camphor, produces an almost negligible 
change in the rotatory power of the ^-derivatives. A clue to the 
explanation of this curious fact may be found in the suggestion, 
put forward more than 20 years ago, in order to explain the reactivity 
of the methyl group in 7r-sulphonation, namely, the possible 
“formation of a direct linkage between the ketonic carbon and 
a median methyl ” (Armstrong and Lowry, J., 1902, 81, 1473). A 


Table I. 


Table II. 


Bofaiions of Ammonium a-Bromo- 
camphor-Tr-sulphonate in Water 
at 20°. 


Rotations of Ammonium a-Chloro- 
camphor-Tr-sulphonate in Water 
at 20°. 


13-936 G. in 100 c.c. of solution. 
Length of tube 6 dcm. 


la] = 1-1969 x a. 
IM] = 3-2816 X [a]. 
r , 22-016 
LaJ ~ X* - 0-09668’ 


Visual [a] obs. — 

readings, [a] obs. [a] cale. [a] calc. 
11 6708 + 62-49° + 62-32° +0-2° 
Cd 6438 + 69-09 + 69-27 -0-2 

Zn 6362 + 71-28 -f 71-46 -0-2 

Na 6893 + 88-00 + 87-91 +0-1 

Cu 6782 + 92-51 + 92-64 -0-1 

Hg 6780 + 92-84 4- 92-73 +0-1 

On 6700 + 96-45 4- 96-45 4- 

fe j461 4-109-40 4-109-26 4-0-2 

Cu 4-125-35 4-125-37 + 

Ott 5163 4-I«K0 4-130-37 + 

On 6105 4-134-35 4-134-26 4-0-1 

Cd 5086 4-135-93 4-135-92 + 

Zn 4811 4-163*37 4-163-41 4- 

Cd 4800 4-164-67 4-164-66 4- 

Zn 4722 4-174-43 4-174-31 4-0-1 

Zn 4680 4-179-82 4-179-93 -0-1 

Cd 4678 4-180-29 4-180-21 +0-1 

Hg 4358 4-236-10 4-236-06 ± 


20-440 G. in 100 c.c. of solution. 
Length of tube 6 dcm. 


[a] = 0-81540 X a. 
[AT] = 2-8370 X [a]. 


[a] = 


17-677 

\ 2 - 0-09946’ 


[a] obs.— 
[a] obs. [a] calc, [a] calc. 
4- 60-37° 4- 60-44° -0-07° 

4- 56-03 4- 56-10 -0-07 

+ 57-89 -f 67-89 ± 

+ 71-32 4- 71-38 -0-06 

4- 75-25 4- 75-26 -0-01 

4- 75-34 -f 76-34 ± 

+ 78-39 4- 78-40 -0-01 

4- 88-97 4- 88-96 +0-02 

4-102-32 4-102-28 4-0-04 
+ 106-53 +106-42 + 0-11 
+ 109-60 +109-65 -0-05 
+ 111-10 +111-04 +0-06 
+ 133-96 +133-96 + 

+ 134-90 +135-01 -0-11 
+ 142-94 +143-10 -0-16 
+ 147-77 +147-83 -0-06 
+ 148-06 +148-06 ± 

+ 194-70 +195-35 -0-65 


Photographic readings. 

Fe 4306 +248-1 +248-2 - 0-1 

4258 +260-0 +260-1 -0-1 

4213 +272-0 +272-4 -0-4 

4172 +283-9 +284-5 -0-6 

4135 +295-9 +296-4 -0-5 

4068 + 319-8 + 319-9 -0-1 

4010 + 343-7 +343-4 +0-3 


Fe 4315 +202-9 +203-8 -0-9 

4277 +211-0 +211-8 -0-8 

4239 +219-2 +220-3 -1-1 

4204 +227-3 +228-7 -1-4 

4171 +235-5 +237-3 -1-8 

4150 + 243-6 +242-9 + 0-7 

4055 +268-1 +265-9 +2-2 
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Table III. Table IV. 

Rotations of u-Bromocamphor- Rotations of <x-Bromocamphor~'ir- 
7 r - sulphonethylchloroamide in sulphondichloroamide in Chloro- 
Chloroform at 20°. form at 20°. 


14*287 G. in 100 c.c. of solution. 10*8716 G. in 100 c.c. of solution. 




Length of tube 2 dcm. 

Length of tube 2 dcm. 



[a] = 3*4997 X a. 


[a] 

= 4*5992 x 

a. 



[M] = 3*7264 X [a]. 


m 

= 3*7905 X [a]. 



r-i_ 

25*889 



23*897 



W “ A* 

- 0*09969* 


L a J 

~ A. 2 -0*10719* 

Visual 



[a] obs.— 



[a] obs.— 

readings. 

[a] obs. 

[a] calc. 

[a] calc. 

[a] obs. 

[a] calc. 

[a] calc. 

Li 

6708 

4* 73*9° 

+ 73*9° 

zb 

+ 69*7° 

+ 69*7° 

i 

Cd 

6438 

4-82*3 

+ 82*2 

+ 0*1° 

+ 78*1 

+ 77*8 

+0*2° 

Zn 

6362 

4- 84*9 

+ 84*9 

± 

+ 80*9 

+ 80*3 

+0*6 

Na 

5893 

4-104*3 

+104*6 

-0*3 

+ 99*0 

+ 99*6 

-0*6 

Cu 

5782 

4-110*2 

+ 110*3 

-0*1 

+ 106*3 

+ 105*2 

+ 0*8 

Hg 

5780 

4-110*5 

+ 110*5 

+ 

+ 105*1 

+ 105*3 

-0*2 

Cu 

5700 

+ 114*4 

+ 114*9 

-0*5 

+ 109*7 

+ 109*8 

-0*1 

Hg 

5461 

+ 130-4 

+ 130*4 

± 

+ 125*0 

+ 125*1 

-0*1 

Cu 

5218 

+ 150*0 

+ 150*0 

+ 

+ 145*3 

+ 144*7 

+ 0*6 

Cu 

5153 

+ 156*0 

+ 156*1 

-0*1 

+ 151*2 

+ 150*9 

+ 0*3 

Cu 

5105 

+ 160*6 

+ 160*8 

-0*2 

+ 155*8 

+ 155*7 

+ 0*1 

Cd 

5086 

+ 162*8 

+ 162*8 


+ 158*1 

+ 157*8 

+0*3 

Zn 

4811 

+ 196*7 

+ 196*5 

+ 0*2 

+ 192*4 

+ 192*4 

± 

Cd 

4800 

+ 196*9 

+ 198*0 

-1*1 

+ 194*5 

+ 194*0 

+0*5 

Zn 

4722 

+ 210*5 

+ 210*0 

+ 0*5 

+ 205*7 

+206*4 

-0*7 

Zn 

4680 

— 

— 

—. 

+ 213*4 

+213*7 

-0-3 

Cd 

4678 

+ 217-3 

+ 217*3 

± 

+ 215*0 

+214*0 

+ 1*0 

Hg 

4358 

+ 286*5 

+ 286*8 

-0*3 

+ 286*0 

+288-8 

-2-8 


Table V. 

Rotations of Camphor-$-sulphonic Acid in Water at 20°. 
28-636 G. in 100 c.o. of solution. Length of tube 6 dcm, 

[a] » 0*58202 X a. [M] = 2*3222 X [a], 


22*17 18*32 




M 

i-xr 

- 0*08515 

\ 2 - 0-04945* 








Photo¬ 




Visual 


[a] 

[a] obs.— 

graphic 


M 

Mobs.— 

readings* 

[a] obs. 

calc. 

[aj calc. 

readings. 

[a] obs. 

calc. 

[a] calc. 

Li 

6707*85 

+ 16*05° 

15*03° 

+0*02° 

Re 4299 

+ 87-06° 

87-11° 

-6*65° 

Cd 

6438*47 

+ 17*13 

17*11 

+0-02 

4246 

+ 92-88 

93-02 

- 0-14 

Zn 

6362*35 

+ 17*81 

17*80 

+0*01 

4192 

+ 98-70 

99-69 

-i 0-99 

Na 

5892*95 

+ 23*11 

23*11 

db 

4156 

+ 104-52 

104-69 

-i 0-17 

Cu 

5782*16 

+24*68 

24*66 

+ 0*02 

4114 

+ 110-34 

110-69 

- 0-35 

Hg 

5780*13 

+ 24*68 

24*69 

-0*01 

4078 

+ 116-16 

116-42 

- 0-26 

Cu 

5700*25 

+25*93 

25*96 

-0*03 

4041 

+ 121*98 

122-69 

- 0-71 

Hg 

5460*74 

+30*44 

30*41 

+0*03 

4014 

+ 127-80 

127-77 

+6*63 

Cu 

5218*70 

+ 36*35 

36*41 

+0*06 

8982 

+733*62 

134-09 

-6*47 

Cu 

5153*25 

+38*20 

38*12 

-0*08 

3969 

+ 136*3 

136-79 

+6*67 

Cu 

5105*54 

+39*57 

39*57 

zb 





Cd 

5085*82 

+40*25 

40*21 

+0*04 





Zn 

4810*54 

+51*07 

50*90 

+0*17 





Cd 

4799*92 

+51*61 

51*39 

+ 0*22 





Zn 

4722*16 

+55*46 

55*33 

+0-13 





Zn 

4680*14 

+57*65 

57*60 

+0*05 





Cd 

4678*16 

+57*84 

57*68 

+0*16 


r • 



Hg 

4358*34 

+81*24 

81*15 

+ 0*09 
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Table VI. Table VII. 


Rotations of Potassium OL-Chloro- 
camphor-$-sulphonate in Water 
at 20°. 

12*386 G. in 100 c.e. of solution 
Length of tube 6 dcm. 

[a] = 1*3456 X a. 

[MJ » 3*0476 X [a]. 
r >| 12*060 , 5*1354 

W ~ - 0*09768 + A* * 

Visual ' [a] obs. — 

readings. [a] obs. [a] calc, [a] calc. 
Li 6707*85 + 45*75° + 45*65° +0*10° 
Cd 6438*47 + 50*42 + 50*45 -0*03 
Zn 6362*35 4* 51*95 + 51*95 ± 

Na 5892*95 + 63*03 + 63*16 -0*13 
Cu 5782*16 4- 66*28 + 66*32 -0*04 
Hg 5780*13 4- 66*42 4- 66*38 4 0*04 
Cu 5700*25 4- 68*94 + 68*88 40*06 
Hg 5460*74 4- 77*43 + 77*37 40*06 
Cu 5218*70 4- 87-97 4 87*93 4 0*04 
Cu 5153*25 4- 91*21 + 91*18 4 0*03 
Cu 5105*54 4- 93*72 4* 93*71 40*01 
Cd 5085*82 4* 94*76 4* 94*77 -0*01 
Zn 4810*54 + 112*78 +112*37 +0*41 
Cd 4799*92 +113*45 +113*15 +0*30 
Zn 4722*16 +119*55 +119*35 + 0*20 
Zn 4680*14 +123-23 +122*72 +0*51 
Cd 4678-16 +123*43 +122*99 +0*44 
Hg 4358*34 +158*24 +157*74 + 0*50 
Photographic 


Rotations of Potassium a-Bromo- 
camphor-$-sulphonaie in Water 
at 20°. 

16*206 G. in 100 c.c. of solution. 
Length of tube 6 dcm. 

[a] = 1*0284 X a. 

[M2 = 3*4922 X [a]. 
r n _ 18*78 , 5*569 

LaJ ~ X 2 - 0*09517 + "1 <T' 

[a] obs.— 
[a] obs. [a] calc, [a] calc. 

+ 72*26° + 72*36° -0*10° 

+ 74*43 + 74*43 ± 

+ 90*60 + 90*61 -0*01 

+ 94*25 + 94*20 +0*05 

+ 95*38 + 95*30 +0*08 

+ 99*05 + 98*90 +0*15 

+ 111*32 +111*20 +0*12 
+ 126*26 +126*50 -0*24 
+ 130*16 +131*16 -1*00 
+ 134*40 +134*85 -0*45 
+ 136*38 +136*10 +0*28 
+ 161*84 +161*93 - 0*09 
+ 162*99 +163*07 -0*08 
+ 171*95 +171*92 +0*03 

+ 177*24 +177*31 -0*07 
+227*35 +227*46 -0*11 


Re 4359 +155*24 +157-65 +0-59 Be 4306 + 237-64 +238-14 -0-50 

4268 +171-70 +170-95 + 0-75 4260 + 247-92 + 248-29 -0-37 

4185 +185-15 +185-01 +0-14 4176 + 268-49 + 269-25 -0-76 

4113 +198-61 +199-05 —0-44 4101 +289-06 +290-29 — 0-23 

4055 +212-07 +211-91 +0-16 4071 +299-34 +299-75 - 0-41 

3952 +238-98 +239-02 — 0-04 * 4041 +309-63 + 309-74 - 0-11 f 

* from simple formula [a] = 16*699 ftk* — 0*08335), obs. — calc. 

= + 10 * 0 °. .. ■ ■ ■ 

f Berviatkm. from ample formula [<x] = 23*891 /(X 8 — 0*08379), obs. — calc. 

' ~ + 9*1°. ' 


Note. The dispersion formulas for these two compounds, which have been 
calculated by Mr. G. Owen, M.Sc., contain two partial rotations of 
sign, and therefore provide two more examples of the type of complex 
rotatory dispersion which has been described as “ impossible to detect in 
practice ’ (compare footnote, this vol,, p. 1262). The deviations from the 
simple formulas (calculated to fit the red and blue zinc lines) are, however, 
already substantial even in the intermediate green region of the spectrum, 
and increase to about 2° in the case of the mercury violet line, and to about 
iu at the extreme end of the visible spectrum; they are therefore far too 
obvious to be overlooked. This type of rotatory dispersion, although quite 
easy to detect in this series of compounds, is not common, since the induced 
asymmetry of the ketonic group is always opposite in sign to the fixed 
asymmetry of the camphor nucleus, except when the sign of the latter has 
Deen reversed by the creation of a new positive partial rotation as a result of 
introducing a substituent in the a-position. 
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Table VIII. 

Rotations of Camphor-$-sulphonanhydramide in Acetone at 20°. 
4*941 G. in 100 c.o. of solution. Length of tube 6 dem. 


[a] = 3*3731 X a. [M] = 2-1322 X [a], [a] = - 10-696/X 3 . 


Visual 



[a] obs. — 

Visual 

[a] obs.— 

readings. 

[a] obs. 

[a] calc. 

[a] calc. 

readings, [a] obs. 

[a] calc. 

[a] calc. 

Li 6708 

-23*5° 

-23*8° 

4-0*3° 

Cu 5105 -41*0° 

-41*0° 

dz 

Cd 6438 

-25*7 

-25*8 

+0*1 

Cd 5086 -41*5 

-41*4 

-0*1° 

Zn 6362 

-26*4 

-26*4 

dz 

Zn 4811 -46*2 

-46*2 

dz 

Na 5893 

-30*9 

-30*8 

-0*1 

Zn 4722 -47*6 

-48*0 

+0*4 

Cu 5782 

-31*9 

-32-0 

+0*1 

Cd 4678 -49*2 

-48*9 

-0*3 

Hg 5780 

-32*1 

-32*0 

-0*1 

Hg 4358 -56*1 

-56*3 

+0*2 

Cu 5700 

-33*1 

-32*9 

-0*2 

Photographic 



Hg 5461 

-35*9 

-35*9 

db 

readings. 



Cu 6218 

-39*3 

-39*3 

dz 

Fe 4299 -57*6 

-57-9 

+ 9*1 

Cu 5153 

-40*6 

-40*3 

-0*3 

4220 -59*4 

-69*1 

+9*6 


formula was then given which shows the formation of a new ring 
by the transference of a hydrogen atom from the 7r-methyl group 
to the ketonic oxygen; but it would be more in accord with our 
present views to postulate only a co-ordination of the reactive 
7r-hydrogen atom with the ketonic oxygen. This co-ordination 
would have the advantage of enabling us to attribute the induced 
asymmetry of the ketonic group to a more concrete influence than 
that of a mere unsymmetrical field of force. It would, moreover, 
permit of a very simple explanation of the fact that the partial 
rotation of the ketonic group is always positive in sign, and is not 
even altered substantially in magnitude when the specific rotation 
of the molecule is shifted through several hundred degrees by 
reversing the sign of the >CHBr radical which is immediately 
adjacent to the ketonic group. In the Tr-derivatives this particular 
type of co-ordination is prevented by the elimination of the 
7r-hydrogen atom; the two adjacent groups are therefore free to 
adjust themselves in such a way that a reversal of the fixed asym¬ 
metry of the saturated >CHBr group at once produces a com¬ 
pensating change in the induced asymmetry of the unsaturated 
>0=0 group, whereby the balance of the molecule as expressed 
by its optical rotatory power is preserved almost unchanged* 

5. Summary, 

(а) The rotatory dispersion and absorption spectra of a series of 
p- and 7r-sulphonic derivatives of camphor have been determined. 
As in previous cases, there is a discrepancy of nearly 100 A.TJ. 
between the characteristic frequencies deduced from the two series 
of observations* 

(б) The rotatory dispersion of several of the 7r-derivatives can 
be expressed by one term of Drude’s equation, the high-frequency 
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partial rotation being negligible in comparison with the magnitude 
of the low-frequency term, just as in the case of camphorquinone. 

(c) The (3-derivatives all exhibit complex dispersion, but the 
anhydramide nearly obeys Biotas law, since the low-frequency 
partial rotation and the band of selective absorption both disappear 
as a sequel to the elimination of the ketonie oxygen. 

We are indebted to the Department of Scientific and Industrial 
Research for a maintenance grant to one of us (E. M. R.) during 
the period in which this research was carried out. We are " also 
indebted to Prof. Pope and Mr. F. Gr. Mann for the loan of some of 
the compounds examined. 

University Chemical Laboratory, {Received, March 20th, 1924. 

Cambridge. Revieed, June Zrd, 1925.] 


COII. —Sulphur Sesquioxide. 

By Israel Vogel and James Reddick Partington. 

From the reaction between sulphur and sulphur trioxide Vogel 
(J. Chem. Phys., 1812, 4,121) isolated a deep blue liquid, a bluish- 
green solid, and a brown liquid, all of which were considered to be 
definite compounds of sulphuric anhydride and sulphur. Similar 
results were obtained by Schweigger (ibid., 1815, 13, 484). Wach 
(ibid., 1827, 50, 1) endeavoured to determine the composition of 
the blue, green, and brown substances and found that the amount 
of sulphur combined with a definite quantity of sulphur trioxide 
increased in the order named. * Fischer (Ann. Phys. Chem., 1829, 
16, 119) and Rose {ibid., 1834, 32, 98) considered that the blue 
liquid contained a definite compound,whilst Berzelius (“Traits de 
CSbimie/ 5 1845, Tome I, p. 459) maintained that no new oxide of 
su^hw waa present, and Stein (J. pr. Chem,, 1873, 6,172) ascribed 
the colour of the solution to the presence of finely divided sulphur. 
Weber (Ann, Phys, Chem., 1875, 156, 531) found the sulphur con¬ 
tent of the bluish-green solid to correspond with S 2 0 3 . No further 
work appears to have been done, and the current view seems to be 
that the supposed sulphur sesquioxide is a “ colloidal solution ” 
{compare Hofmann, “ Anorganische Chemie,” 1920, p. 166; 
Ephraim, “Anorganische Chemie, 5 ’ 1922, p. 437). The present 
research was accordingly undertaken with the object of definitely 
deciding between these two theories and of studying the properties 
of the substance if it were proved to be a chemical compound. 

The starting materials of previous investigators were far from pure, 
and this was probably the cause of the different results obtained. 
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Purification of Sulphur—The purest commercial precipitated 
sulphur was distilled in a Pyrex retort in a current of pure carbon 
dioxide, the distillate being collected and allowed to solidify in a 
Jena glass flask; the first and last fractions were neglected. The 
distillate was melted and the liquid poured on to watch-glasses of 
Jena glass, the melting and cooling being conducted in an atmo¬ 
sphere of dry carbon dioxide. When the sulphur had almost com¬ 
pletely resolidified, it was cut up into small pieces and the above 
process repeated three times, considerable head and tail fractions 
being discarded in each distillation. After the first distillation, the 
sulphur did not darken appreciably but melted to a clear and mobile 
liquid which, with rise of temperature, exhibited all the usual 
phenomena, but did not darken appreciably. The purified sulphur 


Fig. I. 



was finely powdered and preserved in a vacuum desiccator over 
phosphorus pentoxide until required. 

Preparation of Pure Sulphur Trioxide ,—Although many types of 
apparatus have been devised and employed for the preparation of 
pure sulphur trioxide (compare Weber, Ann . Phys, Chem 1876, 
159, 313; Divers and Shimos6, Ber., 1883, 16, 1009; Schenk, 
Annalen , 1901,316,1; Lichty, J. Amer. Chem. Soc ., 1908,30,1834; 
Beckmann, Z . anorg. Chem., 1912, 77, 90), none of these permit 
of the preparation of large quantities of the anhydride in a com¬ 
paratively short time, nor do they allow of the convenient handling 
of the pure product. The apparatus shown in Fig. 1 was con¬ 
structed for the preparation of pure sulphuric anhydride from 
oleum. The apparatus was entirely of Durosil resistance glass. 
The three distilling flasks, A, B and 0, and a reaction vessel D were 
connected by interchangeable ground joints. Stoppers were ground 
to fit the mouths of the flasks and reaction vessel and also both 
parts of the joints E, F and G so that any flask or flasks oould be 
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removed from the remainder of the apparatus without access of 
moisture. A phosphorus pentoxide drying tube, I, was attached 
to the reaction vessel by means of the joint H. 

Kahlbaum’s pure 65% oleum (about 200 c.c.) was placed in A, 
B was immersed in a bath of ice-cold water, C surrounded by a’ 
freezing mixture of finely-ground ice, and the bath of concentrated 
sulphuric acid surrounding A was very carefully warmed. Sulphur 
trioxide distilled over and condensed in B, only a very small quantity 
finding its way to C. The sulphuric anhydride which passed over 
on gentle heating was the only portion collected. After distillation 
and some cooling, the flask A was detached at E and immediately 
replaced by a ground glass stopper. B was then placed in the sulph¬ 
uric acid bath, C surrounded by cold water, D immersed in a freezing 
mixture of ice and salt, and the bath surrounding B very gently 
warmed. Sulphur trioxide distilled into C, the distillation being 
stopped when about three-quarters of the contents of B had passed 
over : flask B was then removed and replaced by a ground glass 
stopper. Flasks B and A after cleaning and drying were then 
attached to the apparatus and the distillation was repeated in the 
manner described. In this way, pure sulphur trioxide was obtained, 
two to three distillations usually being sufficient. It melted com¬ 
pletely at about 15° to a colourless liquid and crystallised on cooling 
in beautiful needles. 

To transfer the anhydride to the reaction vessel, the solid was 
melted and the flasks were rotated about the ground glass joints. 

Preparation and Analysis of Sulphur Sesquioxide .—A mode of 
procedure similar to that described by Weber {Ann. Chem . Phys ., 
1875,156,531) was first employed. About 20 c.c. of liquid sulphuric 
anhydride were placed in the reaction vessel and the latter was 
closed by a ground glass stopper at G. Sulphur was then added in 
small quantities by momentarily detaching the ground glass joint J, 
a fresh portion being added only after the previous quantity had 
entered into combination. The sulphur on co ming in contact with 
the anhydride formed blue drops, most of which sank, but some 
became attached to the sides of the vessel near the surface of the 
sulphur trioxide. In order to avoid formation of a cake of solid at 
the surface, the vessel must be shaken during the preparation, 
when most of the substance sinks as soon as formed. If the sulphur 
be added too rapidly, the temperature of the sulphuric anhydride 
rises and the solid near the surface decomposes with the evolution 
of sulphur dioxide. If, however, the vessel be shaken during the 
addition and care be taken that the temperature does not rise above 
15°, very little decomposition occurs. After about 1 or 2 g, of 
sulphur had been added, the excess of liquid sulphur trioxide, 
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which should be colourless, was poured off and any still remaining 
removed by warming in a vacuum at 30—40°, two towers, contain¬ 
ing concentrated sulphuric acid on pumice and borax on glass wool 
respectively, being interposed before the pump. All the sulphuric 
anhydride could not be easily' removed in this manner and it was 
necessary first to powder the bluish-green substance in an atmo¬ 
sphere of dry carbon dioxide and then to heat in a vacuum as 
described. Weber’s compound probably contained small quantities 
of occluded sulphur trioxide, since he attempted to remove the latter 
merely by warming to <f blood ” temperature. 

The substance thus obtained was a bluish-green solid, which 
soon decomposed at the ordinary temperature with the evolution 
of sulphur dioxide, sulphur remaining. Decomposition was acceler¬ 
ated by warming. The compound was very hygroscopic; if left 
exposed to the air, decomposition occurred and moist sulphur 
remained. If all the sulphuric anhydride had been removed, the 
substance was stable for several minutes at about 15°. In carrying 
out the analyses the weighings were performed as rapidly as possible. 

Weber’s method of analysis (loc. cit.) was first repeated and con¬ 
firmed. Some of the substance was weighed out into a small glass- 
stoppered tube and, after removing the stopper, the tube was 
allowed to slide down the side of another but larger glass-stoppered 
vessel containing a mixture of concentrated and fuming nitric acids, 
great care being taken that the acid did not reach the contents of 
the small tube. The largef tube was then stoppered and com¬ 
pletely wrapped in a cloth, since explosions sometimes resulted. 
The vessel was inclined so that the acid came in contact with the 
substance; a violent reaction ensued, and the stopper was held down. 
The whole was allowed to stand over-night. The contents of the 
tube were then diluted and the precipitated sulphur was collected 
on a weighed Gooch crucible. The sulphur in the filtrate was esti¬ 
mated, after the nitric acid had been boiled off, with barium chloride 
solution in the usual manner. The results are given in Table I. 

Table I. 

G» of precipitated S. G. of BaS0 4 -S. Total percentage of S. 
0*1074 0*1365 57*09 

0*1484 0*1876 57*24 

0*1202 0*1722 57*27 

Calculated for S 2 0 3 57*19 

In another method of analysis the sulphur of the compound 
was oxidised to sulphuric acid in one operation by a mixture of 
f umin g nitric acid and bromine, the operation being carried out 
in the manner described. Of some twenty-five analyses carried 
out by this method, four exploded. A few typical results are 


G, of substance. 
0*4272 
0*5870 
0*5106 
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recorded in Table II: all the successful analyses were between the 
limits of 56*96 and 57-81% sulphur. 

Table II. 


G. of substance. 

G. of BaS0 4 . 

• G. of S. 

Total percentage of S. 

0*2103 

0*8775 

0*1206 

57*32 

0*5105 

2*1671 

0*2977 

57*31 

0*3030 

1*2605 

0*1732 

57*15 

0*4900 

2*0356 

0*2797 

57*08 

0*1696 

0*7055 

0*0969 

57*15 


Calculated for S a O s 67*19 


The results are in agreement with those found by the first method 
and with the value required by S 2 0 3 . It appears, therefore, that 
the substance has a constant chemical composition. 

The method of preparation of the compound given above is some¬ 
what laborious and cannot be used for the preparation of com¬ 
paratively large quantities. It was found that instead of adding 
the sulphur to the liquid sulphuric anhydride, one might add the 
latter to the former and obtain a similar result. About 1 g. of 
finely-powdered sulphur was placed in the reaction vessel and 
about 15 c.c. of liquid sulphur trioxide were added. No reaction 
appeared to take place at first, although the whole assumed a deep 
blue colour and became somewhat viscid. After approximately 
30 seconds, a violent reaction set in, so that it was found advisable 
to detach the phosphorus pentoxide tube from the reaction vessel, 
clouds of white fumes being evolved. After about 2 minutes the 
reaction subsided, the supernatant liquid sulphuric anhydride, which 
was coloured very pale blue, was poured off, and the residual 
sulphur trioxide removed from the resultant bluish-green solid in 
the manner already described. The bluish-green solid * thus 
obtained dissolved in oleum with the production of a deep blue 
solution, decomposed on exposure to air and on keeping with the 
evcAutaon of sulphur dioxide, absorbed moisture from the air, and 
appeared to be identical with the substance prepared by the first 
method. The analysis by the fuming nitric acid and bromine method 
yielded the following results : 

Table HE. 

G. of substance. G. of BaS0 4 . G. of S. Total percentage of S. 

0*1994 0*8296 0*1140 57*16 

0*2316 0*9660 0*1327 57*30 

0*1778 0*7406 0*1017 57*22 

Calculated for S 2 O s 57*19 


This method of preparation is simpler and more convenient than the 
first one, and the residual sulphuric anhydride from one preparation 
* On some occasions the solid was green. 
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may be employed again for the conversion of another quantity of 
sulphur into the sesquioxide. 

Owing to the great instability of the compound a number of 
experiments were performed with a view to render it more stable. 
It was found that the solid could be kept unchanged for several 
hours in a completely dry oxygen-free atmosphere at low pressures 
(less than 1 mm. of mercury). Cooling to liquid air temperatures 
had no appreciable effect. 

The empirical formula of the compound has been shown to be 
(SgOg)*, which for the sake of simplicity was taken as S 2 0 3 . From 
this it would seem that the substance might be the anhydride of 
hyposulphurous acid, but it may be said at once that all attempts 
to convert it into either the acid or its simple derivatives failed, 
owing to the simultaneous side and consecutive reactions and the 
production of mixtures of complicated sulphuroxy-acids, the 
reactions and identification of which are described below. 

It was thought that the formula of the compound might be 
established by processes similar to those employed by Bernsthen 
(Anncden, 1881, 208, 142) for sodium hyposulphite, but it was found 
that substances are formed in solution which complicate the 
reactions and that no evidence as to the constitution of the substance 
can be obtained from these results. 

The molecular weight of the substance was not determined, since 
no solvent could be found with which the compound did not react. 
Purified phosphorus oxychloride, the only pure solvent for sulphuric 
anhydride at present known (compare Lichty, J. Amer . Chem. 
Soc ., 1912, 34, 1441), caused complete decomposition of the sulphur 
sesquioxide. 

Owing to the extremely reactive and unstable nature of the sub¬ 
stance, all attempts to deduce its constitution by methods usually 
applicable to acid anhydrides were unsuccessful. Nevertheless, 
the results obtained could be completely reconciled with the formula 
S 2 0 3 for the original compound. 

Properties of Sulphur Sesquioxide ,—Sulphur sesquioxide dissolves 
in oleum with the formation of a deep blue solution identical with 
that produced by the addition of sulphur. A solution of indigo in 
concentrated sulphuric acid or of indigo-carmine in water is partially 
decolorised; in no case could complete decoloration be effected even 
'by the addition of comparatively large quantities of the substance. 
A similar reaction takes place with strongly ammoniacal copper 
sulphate solution, the decoloration being only partial. 

With anhydrous ether a violent reaction takes place, the com¬ 
pound decomposing with the separation of sulphur and the pro¬ 
duction of a yellow solution; on decanting the clear,evil-smelling 
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liquid and distilling off the ether, a very small quantity of a yellow 
oil remained. The amount, however, was too small for analysis 
and qualitative tests pointed to the presence of sulphur, 

A similar reaction takes place with absolute (100%) ethyl alcohol. 
Here a very small quantity of a pale yellow liquid was obtained 
after removal of the separated sulphur by filtration and the alcohol 
by distillation. The amount was too small for analysis, but quali¬ 
tative tests indicated the presence of sulphur. 

Sulphur sesquioxide when allowed to come into contact with 
water decomposes, a pale yellow solution (compare hyposulphurous 
acid) being momentarily formed, the decomposition being accom¬ 
panied by a loud hissing noise and the simultaneous formation of a 
milky solution due to the separation of sulphur. If a relatively 
large quantity of the sesquioxide be employed, yellow sulphur 
separates, which when freshly formed is somewhat plastic, but soon 
becomes brittle. The filtered solution contained sulphuric acid 
and trithionic acid, together with small quantities of penta- and 
possibly tetra-thionic acids, as detected by the reactions with 
mercurous nitrate, cupric sulphate, mercuric chloride, and ammoni- 
acal silver nitrate solutions, respectively (compare Takamatsu and 
Smith, J., 1880, 37, 592; Debus, J., 1888, 53, 278; Kiesenfeld and 
Feld, Z. anorg . Chem., 1921, 119, 225; Forster and Hornig, ibid., 
1922,125, 86), whilst the presence of sulphurous acid was indicated 
by the coloration with ferric chloride solution. The yellow color¬ 
ation with ferric chloride solution is not, however, exclusive to 
sulphurous acid (compare Debus, loc . cit), but is also produced 
by sulphoxylic acid and its salts (vide infra), hence both these 
substances may have been present. That the yellow coloration 
is due to a substance other than sulphurous acid is probable, since 
after removing the latter by the passage of a current of air through 
the solution for several hours, the residual liquid gave a yellow 
coloration with ferric chloride. The complete removal of sulphur 
dioxide was detected by inserting two flasks, the first containing a 
known volume of standard iodine solution and the second a known 
volume of standard thiosulphate solution, before the pump, and 
titrating : the total quantity of iodine remained unaltered when 
the process was complete. The quantities of tetra- and penta- 
thionic acids increased with time, as was shown by the yellow 
opalescence produced on the addition of the first few drops of 
mercurous nitrate solution. No qualitative tests are at present 
known by which small quantities of tetrathionic acid or its salts 
may be detected in the presence of pentathionie acid or its salts, 
hence the conclusion as to the presence of tetrathionic acid in the 
solution is somewhat doubtful. 



VOGEL AND PARTINGTON : SULPHUR SESQUIOXIDE. 1521 


The initial reaction with water may consist in the decomposition 
of the sulphur sesquioxide into monoxide and dioxide: 

S a 0 3 = SO + S0 2 . 

Some of the monoxide polymerises, the polymeride in the presence 
of water forming pentathionic acid : 

5SO + H 2 0 = H 2 S 5 0 6 

(compare Debus, be . cit. ; Riesenfeld and Feld, be . cit.), whilst 
another portion reacts with water to produce sulphoxylic acid : 

SO + H 2 0 = 3*80*. 

The chief reaction, however, consists in the formation of trithionic 
acid; two modes of interaction are possible, the first being between 
water, sulphur sesquioxide and sulphur dioxide : 

and the second between sulphur monoxide, sulphur dioxide and 
water: 

SO + 2S0 2 + H 2 0 - H 2 S 3 0 6 . 

The latter reaction probably take place to the greater extent. If 
the solution be kept for some time, the trithionic acid gradually 
combines with nascent sulphur with the production of tetra- and 
penta-thionic acids: 

H 2 S 3 0 6 4" S = H 2 S 4 0 6 ; 

iW > 6 + s = h 2 s 6 o 6 ; 

H 2 S 3 0 6 + 2S = H 2 S 6 0 6 . 

The last reaction to be studied was that with an anhydrous 
alcoholic solution of sodium ethoxide, prepared by adding sodium 
to absolute ethyl alcohol in a Jena flask fitted with a reflux con¬ 
denser and phosphorus pentoxide drying tube. On addition of 
sulphur sesquioxide, an extremely vigorous reaction took place, 
small quantities of a yellow, crystalline solid separating out and the 
whole liquid assuming a yellowish-brown colour. The product of 
the reaction had a very strong and unpleasant odour somewhat 
resembling that of garlic and affecting the voice if the vapour was 
inhaled for any length of time. On adding sulphuric acid imme¬ 
diately after the reaction a white solid was precipitated, which was 
separated by adding absolute alcohol, filtering, and drying over 
phosphorus pentoxide. The solid was fairly soluble in water, neither 
the solution nor the solid decolorising indigo or ammoniacal cupric 
sulphate solutions. Qualitative tests indicated the presence of 
sulphur and sodium. The sodium was determined as sulfate# 
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whilst the sulphur was estimated by fusion with a mixture of sodium 
peroxide and sodium carbonate (Treadwell-Hall, “ Quantitative 
Analysis/’ 1919, p. 849) and in a second process by oxidation with 
a mixture of fuming nitric acid and bromine, as detailed above. 
The latter method is much more convenient than the first. The 
results of the analyses agreed fairly well with those required by 
sodium ethyl sulphoxylate (Found: Na, 20-10, 20-06; S, 27*80, 
27-85. NaEtS0 2 requires Na, 19-81; S, 27-61%). 

Unless extreme precautions are taken to prevent the access of 
moisture, and unless the substance is isolated immediately after 
the reaction, the resulting solid consists of a mixture of sodium 
ethyl sulphoxylate and its hydrolysis product. The completely 
hydrolysed product was isolated from the solution by allowing it to 
stand over-night and then gradually acidifying with dilute sulphuric 
acid; a yellow precipitate separated which became white as soon as 
the whole solution was acid. The precipitate was immediately 
filtered with the aid of the pump, washed with absolute alcohol, 
and dried over phosphorus pentoxide for a week. A perfectly white, 
crystalline solid was obtained which remained unchanged when 
heated at 110° for 2 hours. The sulphur content was determined 
by the fuming nitric acid and bromine method; in the estimation 
of sodium the substance was first decomposed with a boiling mixture 
of fuming nitric acid and bromine, evaporated to small bulk, diluted 
with water, and transferred to a weighed platinum dish, the 
estimation for sodium as sulphate being continued in the usual 
manner (Found: Na,40-24, 41-08, 41-04; S, 29-16, 29-20, 29-14. 
iTa^SOa requires Na, 41-80; S, 29-13%). 

Sodium sulphoxylate is moderately soluble in cold and more 
soluble in hot water and sparingly soluble in alcohol. It is practic¬ 
ally unattacked by boiling concentrated hydrochloric and sulphuric 
acids, but is attacked by a hot mixture of fuming nitric acid and 
bromine. The aqueous solution gives a yellow coloration with 
ferric chloride solution. On exposure to air, the white solid assumes 
a yellowish-brown colour. 

The filtrate from the preparation of sodium sulphoxylate, which 
still possessed a strong unpleasant odour, was found to contain 
salts of trithionic, sulphoxylic, and sulphuric acids, and also small 
quantities of penta- and possibly tetra-thionic acids. The product 
1 of the reaction between sulphur sesquioxide and sodium ethoxide 
has a strongly alkaline reaction and under these conditions it would 
be expected that any tetra- and penta-thionates formed would 
decompose with the formation of sulphites and thiosulphates, but 
the absence of the latter clearly proved that very little, if any, of 
these substances had been produced in the initial reaction. 
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The reactions which take place may be represented as follows: 

(1) s 2 o 3 = so + so 2 . 

(2) SO + NaOEt = NaEtS0 2 . 

(3) NaEtS0 2 + NaOH = Na 2 S0 2 + EtOH. 

Some of the sulphur monoxide or sesquioxide may react thus : 

(4) SO + 2SO s + NaOEt = NaEtS 3 0 6 or 

(4a) S 2 0 3 -f~ S0 2 -f- NaOEt = NaEtS 3 0 3 . 

(5) NaEtS 3 0g + NaOH = Na 2 S 5 0 6 + EtOH. 

The very small quantity of pentathionate present may be formed by 
the polymerisation of the sulphur monoxide : 

(6) 5SO + NaOEt = NaEtS 5 0 6 . 

(7) NaEtS 5 0 6 + NaOH = Na 2 S 5 0 6 + EtOH 

or more probably by the decomposition of the trithionate : 

(6a) 5Na 2 S 3 0 6 = Na a S 5 0 6 + Na 2 S 4 0 6 + 3Na 2 S0 4 + SS0 2 

(compare Debus, loo . cit.). The unpleasant odour of the solution 
may be due to the sodium ethyl salts present. 

Attempt to isolate Sulphur Monoxide, SO.—Divers and Shimos6 
( Ber ,, 1883, 16, 1009) showed that the analogous tellurium com¬ 
pound, tellurium sulphoxide, STe0 3 , decomposes when gradually 
heated in a vacuum to 235° with the production of tellurium 
monoxide; STeO a = TeO + S0 2 , as confirmed by J. J. Doolan and 
one of us (J., 1924, 125, 1403). It was possible that a similar 
reaction might take place with sulphur sesquioxide, although it was 
expected that the resulting sulphur monoxide would, if formed, be 
very much less stable. Sulphur sesquioxide was placed in a small 
Jena flask, and the latter exhausted to a pressure below 1 mm. of 
mercury. The flask was then gradually heated in a metal bath. As 
the temperature rose, the bluish-green solid slowly changed colour 
and signs of appreciable decomposition were apparent at about 
70°: decomposition was complete at 96°. On further heating, the 
residue melted to an amber-coloured liquid which exhibited all 
the properties of sulphur. 

It is possible that by employing a slower rate of heating in a 
very high vacuum from which all traces of moisture and oxygen 
have been excluded, sulphur monoxide might be isolated. 

The “ Colloidal Solution ” Theory .—Although in the light of, the 
experiments described m this paper there is little doubt that the 
bluish-green solid obtained by the interaction of sulphur and liquid 
sulphur trioxide is a definite chemical compound and not a “ colloidal 
solution,” it was considered advisable to obtain further evidence 
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against the latter view. Stress must be laid on the fact that 
pure sulphur is insoluble in pure sulphuric anhydride* although 
combination occurs with the formation of sulphur sesquioxide, 
which is also practically insoluble. It is only in the presence of 
small quantities of water that the substance dissolves to a blue 
solution. 

Liquid sulphuric anhydride was added to sulphur contained in a 
glass tube, no precautions being taken to exclude moisture. After 
the violent reaction was over, the blue solution was poured off. 
An intense beam of light from a lantern was passed through 
the solution, but no Tyndall cone was visible. 

If concentrated sulphuric acid be added gradually to the blue 
solution, and the latter examined after each addition for a Tyndall 
cone, it will be found that at a certain point corresponding to the 
green and brown solutions a marked Tyndall cone is visible, indicat¬ 
ing that a substance (sulphur) of ultramicroscopie dimensions has 
separated. Further addition of sulphuric acid results in the separ¬ 
ation of sulphur in a form visible to the naked eye. 

Some of the blue liquid was carefully poured into water, and the s 
resultant solution filtered from the precipitated sulphur. The 
filtrate contained trithionic acid (the main constituent), penta- and 
possibly tetra-thionic acids, sulphurous, sulphoxylie and sulphuric 
acids. If the deep blue solution be poured into a concentrated 
solution of potassium acetate, large quantities of potassium trithion- 
ate and little, if any, potassium tetra- and penta-thionates are 
present in the solution. It appears, therefore, that the tetra- and 
penta-thionates are produced from trithionates and nascent sulphur. 
Similar results are obtained with the green and brown solutions. 
One can accordingly conclude that the blue liquid is a molecular 
solution of sulphur sesquioxide in oleum, whilst the other coloured 
liquids produced by the dissolution of sulphur in fuming sulphuric 
acid of certain strengths are mixtures of colloidal solutions of sulphur 
and molecular solutions of sulphur sesquioxide. 

In conclusion, the authors express their indebtedness to the 
Chemical Society for a grant which has partly defrayed the expenses 
incurred in the research. 

b 

East London College, 
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CCIII .—The Parachor and Chemical Constitution. 
Part I. Polar and Non-polar Valencies in 
Unsaturated Compounds. 

By Samuel Sugden, John Brent Reed, and Hen ry Wilkins. 
(1) Double Bonds and the Parachor. 

A new method of comparing molecular volumes by the use of a 
constant termed the “ parachor ” has been suggested by one of us 
(Sugden, J., 1924,125, 1177), who showed that this quantity is an 
additive function of certain atomic and structural constants by 
means of which the experimental values for a large number of 
organic compounds can be predicted with considerable accuracy. 

Amongst the structural constants there evaluated is the effect 
of a double bond, which was found to add 23-2 units to the molecular 
parachor. Some of the data for this type of linking are given in 
Table I. The values of [P] obs. given in the fourth column are 
calculated from observations by the investigators indicated by 
initials in the third column; full references are tabulated on p. 1535. 
The fifth column, headed 2[P], gives the sum of the atomic con¬ 
stants, and by subtracting this from the observed parachor the 
constant for the double bond in the last column is obtained. 


Table I. 


Parachor of non-polar double bonds. 


Substance. 

Ethylene .. 

Propylene.. 

Amylene . 

Diailyl.. 

Acetone.. 

Methyl ethyl ketone .. 

Diethyl ketone. 

Methyl propyl ketone 

Dipropyl ketone. 

Methyl hexyl ketone.. 


Formula. 

Observer. [P] obs. 

2[P]. 

Double 

bond. 

C a H< 

M. & W. 

99*5 

78-0 

21-5 

c 3 h„ 

»> 

139*9 

117*0 

22-9 

c 6 h 10 

Sch. 

218*2 

195*0 

23-2 

c 8 h„ 

»» 

248*2 

199-8 

2 X 24-2 

C»H,0 

M. & 0. 

160-9 

137-0 

23*9 

c 4 h„o 

»» 

198*2 

176-0 

22-2 

C\H 10 O 

M 

236-2 

215-0 

21-2 


M. & S. 

238-0 

293-0 

23*0 

c,h 14 0 

M. & K. 

314-1 

21*1 

c 8 h 10 o 

M, & 0. 

355-7 

332-0 

23-7 


This type of double linking has been found in a large number of 
organic compounds and gives an average increase of 23*2 units in 
the molecular parachor. The same value is found fpr double bonds 
between carbon and carbon, carbon and oxygen, carton and sulphur, 
and nitrogen and oxygen atoms. 

We have recently investigated a number of compounds of nitrogen, 
phosphorus, and sulphur, and have found several anomalous cases 
in which the presence of a double bond appears to have little or no 
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later; data for nine compounds of phosphorus and sulphur which 
show this anomaly are collected in Table II. 

The atomic parachors for phosphorus and sulphur used in this 
table are P = 37-7, and 8 = 48*2; data on which they are based 
are presented on p, 1533. These values are consistent with those 
found for neighbouring elements in the periodic table 

O- N. O. F. Si. P. S. 01. 

4*8 12*5 20*0 25*7 12*0 37*7 48*2 54*3 

and indicate a periodic variation of atomic parachors with increasing 
atomic number similar to the well-known property of atomic 
volume.* 

The data presented in Tables I and II provide definite experi¬ 
mental evidence of the existence of two kinds of double bond, one, 
common in carbon compounds, but found also in compounds of 
other elements, which causes an increase in the parachor of 23*2 
units, and another, present in derivatives of the oxyacids of sulphur 
and phosphorus, which lowers the molecular parachor by 1*6 units. 


Table II. 

Parachor of semipolar double bonds. 


Substance. Formula. Observer. 

Phosphorus oxychloride C1 3 P rft O S. R. & W. 

R.&S. 

Triethyl phosphate. (EtO) 3 Pz±rO S. R. & W, 

Triphenyl phosphate ... (Ph0) 3 Pr=i:0 „ 

Thionyl chloride . Cl 2 Sr*:0 „ 

R, & S. 


[P] obs. 
217*6 
217*6 
. 399*1 
686*5 
174*5 
(172*5) 


Double 
2[P]. bond. 

220*6 — 3*0 
„ - 3*0 

403*0 — 3*9 
687*7 - 1*2 
176*8 -2*3 
» (-— 4*3) 


Sulphuryl chloride .. 

Chsf 

S. R. & W. 193*3 

196-8 — 1-65x2 


% 

Et(X 

>S=iO 

R. & S. (187-0) 

„■ (4*9x2) 

Diethyl sulphite . 

W. & S. 299-7 

298*4 + 1*3 


EtO 



Ethyl ethanesulphonate 

EtO. ,,0 

/ S C 

Et^ ^0 

„ 295-8 

„ - 1*3x2 

Dimethyl sulphate . 

m °\^° 
Meo/ ^0 

S. R.&W. 238-9 

240*4 - 0*75 x2 

Diethyl sulphate .. 

EtOv jr,0 

>c 

EWK >0 

313-8 

318*4 -2*3x2 


* The variation of the parachor with atomic number 
more fully in a subsequent paper. 


Mean — 1-6 
will be discussed 
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(2) Electron Valency Theories . 

The compounds discussed in Table II belong without exception 
to the class in which the octet valency theories of Lewis ( J. Amer. 
Chem. 8oc. } 1916, 38, 762) and Langmuir (ibid., 1919, 41, 868,1543; 
1920, 42, 274) lead to a modification of the usual structural formulae. 
The electronic formulae for phosphoric, sulphurous, and sulphuric 
acids are indicated in formulae II; if a valency bond is written for 
each pair of shared electrons, then formulae III are obtained which 


HO\ 

HCK 


HOv 

>S=0 

HCK 

HO v° 


h: 

:o 

:p: 

0 

:h 



:o: 



h: 

:o 

:s: 

o: 

:h 



:o 





:o: 



h: 

:o 

:s: 

o: 

:h 



:o: 




HO\ HO\ HO\ + _ 
HO/P—0 HO^P^O HO^P—0 
HCK HCK HCK 


HO x H(X HOv + - 

>S—0 >S^O >8—0 

HCK HQ/ HO/ 


HO v /O HOv >X) HOv 


(I.) (HO (HI.) (IV.) (V.) 

do not exhibit the double bonds found in the usual formulae I. It 
has been pointed out by Lowry (Trans. Faraday 8oc 1923,18, 285) 
that in formulae II the oxygen atom sharing two valency electrons 
and holding six others will be negatively charged and that, therefore, 
a double bond is present but consists of one covalency and one 
electrovalency. Lowry suggests two methods (IV and V) of 
formulating this type of linking; we have in most cases used the 
first of these methods in which a barb on the valency bond indicates 
the direction in which an electron has been transferred. This 
choice was largely determined by the consideration that formulae 
of type V are apt to be confused with other formulae in current use 
in which + and — signs are attached to atoms without removing 
a valency bond and so do not indicate an electrovalency. 

Lowry has proposed the terms “ mixed ” or “ ionised ” double 
bonds for the linking present in formulae IV and V. The second 
of these has been criticised by Porter, and by Rankine (Trans. 
Faraday Soc. 9 1923, 18, 296) on the grounds that no free ions are 
present, and the term “ mixed ” is. somewhat indefinite. The 
nomenclature of Lewis (loc. cit.) for the two kinds of single bond, 
namely, polar valencies and covalencies, is now in common use, 
and in conformity with this we propose to term the double bond 
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consisting of one covalency and one electrovalency a semipolar 
double bond. The linking commonly found in carbon compounds 
which consists of two covalencies will be termed a non-polar double 
bond. 

That two kinds of double bond do exist is shown clearly by the 
experimental evidence summarised in Tables I and II. Further, 
from the fact that all the substances in Table II must, on the octet 
theory, contain semipolar double bonds it is evident that a parachor 
of — 1*6 must be assigned to this li nking. The double bond with 
a parachor of 23*2 which is common in carbon compounds must 
therefore be identified as the non-polar double bond. The effect 
of these two types of linking on the parachor is readily understood 
when it is remembered that this constant is a measure of the 
molecular volume. 

When any additive relation is analysed and reduced to a series 
of atomic and structural constants it is well known that the effect 
of a single bond cannot be separately evaluated and the assumption 
is usually made that the constant for this linking is zero. In the 
first paper on the parachor, this practice was followed and the 
atomic parachors there obtained include the effect, if any, of a single 
bond. The semipolar double bond consists of a covalency with a 
superimposed electro valency; its effect should therefore be that 
of a single bond, which is taken as zero, plus the effect of the electro¬ 
static attraction between the: two charged atoms, which should cause 
a contraction in volume. This contraction would not be large, 
since it appears improbable that considerable distortion of the 
outer shells of electrons could occur. It is significant that with one 
exception all the substances in Table II give a negative value for 
the parachor of a semipolar double bond. The mean value, — 1*6, 
is of the same order of magnitude as the deviations of individual 
values from this mean, but the balance of evidence seems to be in 
favour of a real but small negative value for the contribution of this 
lin ki ng to the parachor. 


For the non-polar double bond there is the large expansion in 
volume of 23*2 units. The original cubical atom of Lewis (he. cit.) 
would give a smaller volume for two cubes placed face to face than 
Joe two cubes edge to edge. The statical theory of atomic structure 


^^however, quite incapable of accounting for all the modern work 
and atomic structure and in particular the successful 
ci relativity considerations to the explanation of the 
of spectral lines seems to provide conclusive evidence 
of the dynamical theory. On this view, the large expan- 
by a non-polar double bond indicates that 
shared electrons move in orbits around or between the 
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two atoms winch share them the mutual interactions of the electrons 
thus crowded together lead to a looser structure of the molecule as 
a whole. 

It should be emphasised here that, with this exception, none of 
the results of the Lewis-Langmuir theory discussed in the present 
paper is concerned with the assumption of a cubical atom or of a 
statical theory of atomic structure. All the deductions with regard 
to valency follow from two postulates : (a) that a covalency con¬ 
sists of two shared electrons, and (6) that the maximum number of 
electrons in the outer shell of any atom is eight. The latter assump¬ 
tion is limited to the first two periods of the periodic table by 
Langmuir, who, for elements of higher atomic number, postulates 
the existence of a greater number of electrons in the outer shell. 
•This view has been modified by Bury (J. Amer . Chem. Soc., 1921, 
43, 1602), who retains the outer shell of eight for all the inert gases, 
whilst Bohr’s theory of atomic structure (“ The Theory of Spectra 
and Atomic Structure,” Cambridge University Press, 1922) retains 
eight electrons of greatest total quantum number, which may be 
regarded as valency electrons. 

In this connexion the recent measurements of von Wartenberg 
(Annalen, 1924, 440, 97) of the surface tension and density of 
osmium tetroxide are of considerable interest, as they provide an 
experimental test of the truth of the octet theory for an element 
of high atomic number. Prom these data, the parachor for osmium 
tetroxide is 154-0. On the assumption that the oxygens are held by 
four semipolar double bonds giving an outer shell of eight electrons, 
the parachor for osmium is 80*4; if the osmium atom in this com¬ 
pound has an outer shell of sixteen electrons, and four non-polar 
double bonds are present, then the parachor for osmium becomes 
— 18*8. Although there are no further data on osmium compounds 
available from which an independent value of the parachor can be 
obtained, it will be seen from the rough values for neighbouring 
elements given below that the value Os *== 80 falls into place in the 
series which exhibits a minimum at gold. Hence it appears probable 
that osmium tetroxide has the structure Os(=±: 0) 4 and that the octet 
rule may hold for elements of high atomic number as well as for the 
first two periods of the table. 


Element...... Os Ir Pt Au Hg TI Fb Bi 

Atomic number . 76 77 78 79 80 81 82 83 

Parachqr .. 80 — 68 54 70 —- 90 92 

Observer ....-.... — — Q. Hey. H. — H. H. 


In most of his formulae Langmuir assumes wherever 
the formation of complete octets ; in later theories 1 
Bodebush, JAumt. Chem, Soc.> 1920, 42,3410)* tjByk: 
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sextets is postulated in certain cases. In particular, Lowry (J., 
1923, 123, 822) has suggested that most double bonds are semi- 
polar and states that “ a double bond in organic chemistry usually 
reacts as if it contained one covalency and one electrovalency . 99 
This view has been criticised on stereochemical grounds (Sugden, 
ibid., p. 1861; Farmer, ibid., p. 2531) and, so far as the normal 
state of the molecule is concerned, it seems necessary to retain the 
conception of the non-polar double bond to account for the existence 
of geometrical isomerides. We have now, in the parachor, a method 
of determining experimentally what type of linking is present in 
a particular molecule, and the remainder of the present paper will 
be devoted to the discussion of the constitution of a number of 
unsaturated compounds of carbon, nitrogen, phosphorus, and sulphur 
for which experimental values of this constant are available. 


(3) Carbon Compounds. 

The non-polar double bond contributing 23*2 units to the mole¬ 
cular parachor appears, so far, to be the only type of double linking 
in which the carbon atom takes part. It has been found in more 
than one hundred carbon compounds including hydrocarbons, 
aldehydes, ketones, and esters. In particular, it may be mentioned 
that five pairs of geometrical isomerides recently examined in this 
laboratory have all been found to possess this type of linking.* 

The case of the carbonates is of special interest. Langmuir 
gives the usual formula (R0) 2 G—0 and points out that carbonates 
are not isomorphous with sulphites, which, on Lowry’s method 
of formulation, have the structure (R0) 2 S^: 0. ©n the other hand, 
Lowry suggests that the stability of oxyacids depends upon the 
presence of a positively charged nuclear atom and writes the 


- 4-/0 

carbonate ion 0—C( __. We have therefore measured the surface 

\o 

tension and density of two esters of carbonic acid with the following 
results: 

[P] calc. 

[P] obs. Non-polar. Semipolar. 

Diethyl carbonate .. 277*4 278-2 253*4 

Diphenyl carbonate ............ 467*4 468*0 443*2 

li fe evident that these compounds contain a non-polar double bond. 

•• ■ W Nitrogen Compounds. 

; nitrous acid presents the same ambiguity as that 


acid. Langmuir gives the formula R0N=0, whilst 
* The data lor these substances will be presented in a later paper. 
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Lowry assumes that a semipolar double bond is present and writes 
- + — 

the nitrite ion O—N—0. We have therefore examined two esters 
of nitrous acid; it will be seen from the values found for the parachor 
that Langmuir’s formula is correct and that the esters of nitrous acid, 
like those of carbonic acid, do not contain a positively charged 
nuclear atom. 

[P] calc. 

[P] obs. Non-polar. Semipolar. 


n -Butyl nitrite ... 251-8 248*8 224*0 

iso Amyl nitrite... 287-4 287-8 263*0 


The existence of two types of double bond gives no fewer than 
four possible formulae for the nitro-group. These formulae together 
with the corresponding values of the parachor for the group N0 2 
are given below. Formula (VI) is of course excluded by the octet 



*0 


yO 

-<o 

~<o 

-<o 

■Xi 

98-9 

74-1 

49*3 

69-5 

(VI.) 

(VII.) 

(VIII.) 

(IX.) 


theory, and Langmuir adopted (VII) for this group, whilst Latimer 
and Rodebush and Lowry give the symmetrical formula (VTII). 
In the first paper on the parachor, it was pointed out that the 
experimental figures for this group were much smaller than would be 
expected for (VI) and it was assumed that the nitro-group possessed 
the alternative cyclic structure (IX). If this view is accepted, then 
from the experimental figures for nitro-eompounds the constant for 
a three-membered ring is 21*5. An investigation of derivatives 
of cyclopropane and of ethylene oxide is now in progress, and the 
results so far obtained indicate that this value is too high and that 
the constant for a three-membered ring is approximately 17 units; 
this figure has been used in calculating the parachor given under 
(IX). The experimental data for nitro-compounds are tabulated 
below; the mean value of 74*2 is very close to the figure calculated 
for (VII), and (VI) and (VIII) are certainly excluded. The difference 
between (VII) and (IX) is not very large; the balance of evidence 


Substance. Formula. Observer. [P] obs. 2[P], NO a 

Nitrogen peroxide ...... N0 2 *N0 2 R. & S. 144-4 0 72*2 

Nitromethane ... CH 3 -N0 2 M. & S. 132-0 56*1 75*9 

H. C. & R. 132*1 „ 76*0 

Ethyl nitrate .. C 2 H 6 -0-N0 2 M, & S. 189*6 115*1 74*5 

Nitrobenzene ... C 6 H 5 -N0 2 S. 264-5 190*0 74*5 


#«Nitrotolue!lie .. C 7 H 7 -N0 2 „ 302-8 229*0 73*8 

p-Nitrochlorobenzene ... C 6 H 4 C1-N0 2 „ 300-0 227*2 72*8 

■p - ... ■ ■ Mean 74*2 

is in favour of (VII), although (IX) cannot be entirely excluded until 
the constant I or a three-membered ring has beeninyestigatedmc^e 
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fully. On chemical grounds, the Langmuir formula (VII) is to be 
preferred to the cyclic formula, as it suggests an explanation of the 
production of an ad-form from primary and secondary nitro- 
paraffins as indicated in formulae (X), (XI), and (XII). On this 
view the ion of the ^-acid has the symmetrical formula (XII) 
suggested by Lowry, whilst the original nitro-compound contains 
only one semipolar double bond. 

7,0 yOH + ,0 + 

r*ch 2 — m -> r*ch=n/ -> R*CH=N<; _ +H 

^0 N) 

(X.) (XL) (XII.) 

Azoxy-compounds were at one time supposed to have the structure 
shown in (XIII). The existence of pairs of isomerides of a number 
of unsymmetrical azoxy-compounds (Angeli, Ahrens For£.,1913, 
19,447) has led to the adoption of formula (XIV), which is, however, 
impossible on the octet theory, since the nitrogen atom is quinque- 
covalent. One of the double bonds must be semipolar and from 
electrochemical considerations and from the fact that azoxy- 
compounds are readily formed by the oxidation of azo-compounds 
it appeals probable that this is the linking between nitrogen and 

—N—N— —' —N=N— 

NO/ 8 ft 

o 

62*0 91*2 66*7 

(Xni.) (XIV.) (XV.) 

oxygen as shown in (XV). We have examined azoxybenzene and 
o-azoxytoluene with the following results : 

[P] obs. S[P]. N t O. 

Azoxybenzene .. 444-7 380-0 64-7 

o-Azoxytoluene.. 628*6 468-0 70-6 


If Angelfs evidence for excluding formula (XIII) is accepted, these 
results give a satisfactory confirmation of (XV). 

We are indebted to Dr. O. L. Brady for the loan of specimens 
of the N- and O-methyl ethers of benzanfoaldoxime, the measure¬ 
ment of which has given the following results: O-Methyl ether, 
[P] obs. = 324-2; W-methyl ether, [P] obs. = 325*9. The O-ether 


:l must have the structure C 6 H 5 *CH^N*0*CH 3 , for which [P] calc. = 
;• 3&3-7, in good agreement with the observed value. For the i^-ether 
indicated in formulse (XVI), (XVII), and (XVIII) are 
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possible* Here, again, the parachor confirms the octet theory in 
excluding formulse such as (XVII) in which nitrogen is quinque- 
covalent. The observed figure, whilst rather high, is in favour of the 
modified nitrone structure (XVIII) with a semipolar double bond 
between nitrogen and oxygen. 

The investigation of other types of quinquevalent nitrogen 
compounds will obviously be of considerable interest, and we hope 
to extend our work in this direction in the near future. For the three 
types so far examined, namely, nitro-compounds, azoxy-compounds, 
and N ~oximino-ethers, the parachor confirms completely Langmuir’s 
contention that the maximum covalency of nitrogen is four, the 
fifth valency, as pointed out by Lowry, being always an electro¬ 
valency, 

(5) Phosphorus Compounds. 

The following table contains the data from which the parachor 
for phosphorus has been deduced and does not call for further 
comment; 

Substance. Formula. Observer. [P] obs. 2[P]. Phosphorus 


Phosphorus trichloride PC1 3 M. & D. 199-0 162*9 36-1 

R, & S, 201-1 „ 38-2 

Phosphorus tribromide... PBr 3 S. R. & W. 242-9 204*0 38*9 

Triphenylphosphine ..P(C 6 H 8 ) 3 W. & S. 607-7 570*0 37*7 


Mean 37*7 

Data for phosphorus oxychloride and for two esters of phosphoric 
acid are contained in Table II. In accordance with the octet 
theory the double bond in these compounds is of the semipolar type. 


(6) Sulphur Compounds, 

The following table contains the data from which the parachor 
for sulphur has been calctdated : 


Substance, 

Sulphur monochloride . 

Formula. 

.. S—Cl 
| 

Observer. 
R. & S. 

[P] obs. 
205*1 

2[P]. 

108-6 

Sulphur 

48*2 

Carbon disulphide .... 

S—’Cl 
. . SPOILS 

M. & T.\ 
M. D. / 
H, C, A R. 
M. & C. 

W. S. 
M.&C. 

144*7 

51*2 

46*8 

Ethyl mercaptan . . 

Phenyl mercaptan........ 

.. c 2 h 6 *sh 
.. c 6 h 6 -sh 

143*6 

142*9 

162*9 

257*5 

256-4 

99 

112-2 

207-1 

46*2 

45-9 

50-7 

50*4 

49*3 


Mean 48*2 

The data for the acid chlorides and esters of sulphurous and 
sulphuric acids are contained in Table U; in accordance with the 
requirements of the octet theory these compounds ill contain 
semipolar double bonds. 

Data for a few thiocyanates and thiocarhimides are available and 
■ 3a* 







values oi [jrj caic. o Drained on eis assumpnon axe 
lent with the observed figures. The double bonds 
phide also are non-polar, hence the absence of such 
ites and sulphates cannot be ascribed to an intrinsic 
sulphur atom which prevents the formation of normal 


,ance. Formula. Observer. [P] obs. [P] calc. 

mate .. CH 3 *S*0;br Seh. 168-6 168-2 

iate . C 2 H 5 -S-0**]Sr B. & S. 210-7 . 207-2 

‘ - M. & C. 209-1 

mide . C 2 H 5 *N:C:S „ 211-7 207-0 

aide . C 3 H 5 -N:C:S „ 232-4 235-0 

>imide . C e H 5 *N:C;S „ 304-1 301-9 


ranate and ethylthiocarbimide have almost exactly 
jhor. This is further evidence for the value 46-6 for 
1 (deduced from nitriles and acetylene derivatives), 
it exactly twice the constant for a non-polar double 
This suggests that each covalency in a multiple bond 
;s except the first one, which has no effect on the 

n, it should be stated that in the present paper we 
5 only the structure of the molecule in the “ resting ” 
ome of the formulae discussed above (particularly 
t) are intended to refer to the {C reactive 55 condition, 
ent of the atoms in the molecule in the “ resting ” 
1 in the structural formula is fundamental, not only 
listry and for the discussion of physical properties, 
for the consideration of the structure of the molecule 
ve 55 state. The structure of the activated molecule, 
‘ceptibly from that of the inactive molecule, must be 
L to it. We have shown in the present paper that 
ar double bonds do occur in certain compounds they 
in the non-activated molecules of carbon compounds 
>wry’s hypothesis concerning carbon compounds may 
iken to mean that the activation of such compounds 
transference of an electron whereby a non-polar double 
rted into one of the semipolar type. This view does 
connexion between the structures in the activated 
ated states ; it is beyond the scope of the present 
ss whether this hypothesis gives a satisfactory picture 
of the change involved in the process of activation, 
non-activated molecules are concerned, one general 
Unipolar double bonds are only formed when each 
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atom except hydrogen has attained a complete octet and when the 
formation of a non-polar double bond would cause one or other of 
the atoms concerned to be associated with more than eight electrons, 
or, in other words, to have a covalency greater than four. 

Summary. 

(1) By means of the parachor the existence of two types of double 
bond has been demonstrated experimentally. 

(2) These are identified as the non-polar and semipolar double 
bonds predicted by the octet theory as developed by Lewis, Lang¬ 
muir, and Lowry. 

(3) The nature of the double linking in a number of compounds 
of carbon, nitrogen, phosphorus, and sulphur has been investigated. 
In all the cases so far examined, semipolar double bonds are formed 
only when each atom, except hydrogen, has attained a complete 
octet. The octet is never exceeded and semipolar bonds are not 
found when their existence would necessitate the presence of a 
sextet around one or other of the atoms concerned. Sextets must 
be present in a few cases, as in the ion of triphenylmethyl chloride, 
but such structures are apparently rare. 

(4) There is some evidence that the octet rule is not restricted to 
elements of the first two periods of the periodic table, but that it 
may hold for elements of higher atomic number. 
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Experiment a l. 

New measurements have been made of the surface tension and 
density of sixteen substances, the former by the method of maxi¬ 
mum bubble pressure (Sugden, J., 1922, 121, 858; 1924, 125, 27) 
and densities by means of the U-shaped pyknometer described in 
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the second of these papers. Three bubblers were used, the constants 
for which are given below : 


App. 8b. 8c. 4d. 

r 2 .. 0*206 0*206 0*139 cm. 

A . 0*003730 0*005622 0*007767 


In the tables below, the first column gives the apparatus used and 
the second column the temperature. The thermometers used were 
compared with a reference standard calibrated at the National 
Physical Laboratory and the observations are corrected for exposed 
stem. The difference of the pressures (expressed in dynes/cm. 2 ) 
required to liberate bubbles from the two tubes of the bubbler is 
given under P, D is the density of the liquid in g./c.c., and <f> a 
correction factor calculated by the formula <j> = 1 -f 0*69r 2 grD/P, 
where r 2 is the radius of the wide tube in cm. and g = 981 cm./sec. 2 . 
y is the surface tension in dynes/cm, calculated by the equation 
y = AP<j>, where A is the apparatus constant determined by 
experiments with benzene. The parachor in the last column is then 
obtained by the expression [P] = y m Mj{B — d), where M is the 
molecular weight and d the density of the vapour in g./c.c. In 
most cases d is very small compared with D and can be neglected 
except at temperatures approaching the boiling point. A method of 
calculating approximate values of the vapour density is given as an 
appendix to this paper, and has been used in those cases in which 
D — d has been placed at the head of column 4 in the tables below. 

Ethyl carbonate was twice fractionally distilled; the portion used 
boiled at 125*2—125*8° (corr.)/756 mm. Densities determined: 
Bf 0*974, Df 0*959, Df 0*941, Df 5 ’0*925; whence Z>£ = 0-988— 
0-00113$. Molecular weight 118*1. 


App. 

t. 

P. 


0* 

7* 

Parachor. 

4d 

13° 

3425 

0*973 

1*0268 

27*30 

277*5 


33 

3112 

0*951 

1*0288 

24-86 

277*3 

» 

43*5 

2965 

0-939 

1*0298 

23*71 

277*5 

» 

65*5 

2640 

0*914 

1*0326 

21-17 277*2 

Mean 277*4 


Phenyl carbonate was recrystallised from absolute alcohol 
and melted sharply at 79*5° (corr,). Densities determined : Bf 
1-1215, DIP' 1*0997, D\P 1*0690; whence = 1*2002—0*000905$. 
Molecular weight 214*1. 


App. 

t . 

P. 

D. 

4>* 

7* 

Parachor. 

4d 

101° 

4308 

1*1089 

1*0242 

34*28 

467*2 


120-5 

4041 

1*0912 

1*0254 

32*19 

467*3 


139 

3815 

1*0744 

1*0264 

30-41 467-8 

Mean 467-4 


n nitrite was prepared from w-butyl alcohol and repeatedly 
fraotkm&ted. The specimen used boiled at 75—76° (corr.)/768 mm. 
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Densities determined : Df 0*8928, Df 0*8756, Df r ° a 0*8534; whence 
jPf = 0*9059—0*001176tf. Molecular weight 103*1. 


App. 

t. 

P. 

D-d. 

<p. 

7- 

Parachor. 

4d 

13° 

2781 

0-8901 

1*0301 

22*25 

251-5 

,, 

28*5 

2555 

0-8716 

1*0321 

20-48 

251-6 


42*5 

2380 

0-8547 

1*0338 

19*12 

252-1 


56*5 

2184 

0-8375 

1*0361 

17-58 252-0 

Mean 251-S 


iso Amyl nitrite was prepared from Kahlbaum’s isoamyl alcohol 
and was repeatedly fractionated. The specimen used boiled at 
98*5—99*5° (corr.)/768 mm. Densities determined : DJf 5 ° 0*885, 
Df* 0*864, Df 0*820; whence Df = 0*900—0-00108*. 


App. 

t. 

P. 

D-d. 

<p. 

7- 

Parachor. 

4d 

14° 

2821 

0-885 

1*0295 

22-04 

286-7 


35 

2539 

0-862 

1-0320 

20-35 

288-5 


56 

2247 

0*839 

1-0350 

18-06 

287-7 

ft 

73 

2019 

0-820 

1*0380 

16*28 

286-8 


Mean 287-4 


Azoxybenzene was recrystallised from ligroin and melted at 
35*0—35*5° (corr.). Densities determined : Df D150, Df* a 1*132, 
Df? 1*122, Dr' 1*109; whence Df = 1*189—0-000864*. Molecular 
weight 198*2. 


App. 

t. 

P. 

D. 

<p. 

7* 

Parachor. 

8b 

51° 

11460 

1*145 

1*0140 

43*34 

444-0 

J* 

66*5 

10945 

1*132 

1*0144 

41-42 

444*0 

tf 

77*5 

10637 

1*122 

1*0147 

40*26 

444*8 

ft 

89 

10356 

1*112 

1*0150 

39*17 445*8 

Mean 444-7 


o-Azoxytoluene was recrystallised from ligroin and melted at 
58—59° (corr.). Densities determined : Df 1*0768, Df 1*0698, 
Djri-0637, Df'*' 1*0369, Dr 1*0248; whence Df = 1*1353— 
0*000790 t. Molecular weight 226*2. 

App. t . P. D. >. y . Parachor, 

8b 69-5° 10686 1*0804 1*0141 40*41 527*9 

78*5 10412 1*0733 1*0144 39*39 528*0 

„ 90*5 10130 1*0638 1*0146 38*33 529*0 

101 9839 1*0555 1*0150 37*25 529*4 

Mean 528*6 

O -Methyl ether of benzawtfialdoxime. The specimen supplied 
by Dr. O. L, Brady was distilled immediately before measurement 
and boiled at 197—199° (corr.)/762 mm. Densities determined -■ 
Df*b 0325, D$ v 1*0165, D?* 5 ’09967, Df 0-9757; whence « 
1*0465—0*000976^ Molecular weight 135*1. 

App. t. P. D. <p. y. Parachor. 

; , 4d 16*5° 4670 1*0304 1*0208 37*03 $23*4 

„ 33*5 4399 1*0138 1*0217 34*92 324*3 

„ 55*5 4052 0*9923 1*0230 32-20. 324*4 

73 3788 0*9753 1*0242 30*13 32*6 Afe, 

' r f 
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N- Methyl ether of benza^mldoxime. The specimen supplied 
by Dr. 0. L. Brady melted sharply at 84° (corn). Densities deter¬ 
mined : I>$* 1*0505, Df 1*0357, D^ 5 ° 1*0236, D'f 1*0117; whence 
D£ = 1-1333—0*000808Z. Molecular weight 135*1. 

App. 

4d 


t. 

P. 

D. 

(p. 

7* 

Parachor. 

100° 

5171 

1*0525 

1*0192 

40-93 

324-7 

122 

4875 

1-0347 

1-0200 

38*62 

325-4 

141 

4641 

1-0194 

1-0207 

36*80 

326*4 

163 

4352 

1*0016 

1-0216 

34*53 327*0 

Mean 325*9 


Phosphorus iribromide was repeatedly fractionated first at ordinary 
pressure and finally under reduced pressure. The specimen used 
boiled at 66*5° (corr.)/20 mm. and at 176—177° (corr.)/772 mm. 
Some difficulty was experienced in measuring the surface tension 
of this substance owing to the presence of an orange-coloured 
impurity which separated slowly and blocked the capillary. This 
was not removed by repeated distillations at atmospheric pressure, 
but was left behind when the substance was distilled at 20 mm. 
A drying tube, 60 cm. long, filled with phosphorus pentoxide, was 
fitted above the bubbler to dry the incoming air. Densities 
determined : Df 2*904, Df* 2*860, Df 2*813, DT° 2*768; whence 
D% = 2*942—0*002472. Molecular weight 270*8. 


App. 

t. 

P. 

D . 

<p. 

7* 

Parachor. 

4d 

24° 

5630 

2-883 

1-048 

45-8 

244-4 


33 

5410 

2-861 

1*050 

44-1 

244-0 


59*5 

4680 

2-795 

1*056 

38*4 

241*2 

** 

72 

4520 

2-764 

1-058 

37*1 

242*0 






Mean 242-9 

Phosphorus oxychloride 

was twice 

distilled; 

the fraction used 

boiled at 

108-6—108-8° 

(corr.)/769 

mm. Densities 

determined : 

UST1-891, 


1-659, Df* 1-625; whence DJ 

: = 1-718—0-00188f. 

Molecular weight 153*4. 





App. 

t. 

P. 

D. 

4>- 

7* 

Parachor, 

8c 

15* 

5595 

1*690 

1*0421 

32*77 

217*1 


49 

4819 

1*626 

1*0471 

28*36 

217*7 

» 

65 

4504 

1-596 

1-0494 

26*57 

218*1 




Mean 217*0 

j:,Trieikyl phosphate was prepared by the method of Limpricht 
1865, 134, 347) and was fractionated twice under 
dlrUinishe d pressure. The specimen used boiled at 108° (corr,)/ 
* and, with slight decomposition, at 216° (corr.)/770 mm. 
determined: Df 1*0794, 1*0551, 1*0395, 

Df 1*0093; whence = 1*0943—0*0010282, Mole- 

482 * 2 . 
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App. 

t . 

P. 

n. 

0. 

7* 

Parachor. 

8c 

15-5° 

5294 

1*0784 

1*0284 

30*61 

397*7 

it 

38*5 

4887 

1*0547 

1*0301 

28*30 

398*4 

it 

69*5 

4383 

1*0229 

1*0325 

25*44 

400*1 

it 

87*5 

4067 

1*0044 

1*0344 

23*65 400*1 

Mean 399*1 


Triphenyl phosphate was recrystallised from a mixture of absolute 
alcohol and ligroin and melted sharply at 50° (corr.). Densities 
determined: Df 1-2055, Df 5 ° 1-1970, Dp° 1*1883, Df 1*1803; 
whence D£ — 1-2523—0*0008072. Molecular weight 326*2. 


App. 

t. 

P. 

D . 

cf>. 

7* 

Parachor, 

4d 

65*5° 

5118 

1*1994 

1*0221 

40*63 

686*5 

it 

74 

4991 

1*1926 

1*0225 

39*64 

686*3 

ti 

84 

4S72 

1*1845 

1*0229 

38*71 6S6-8 

Mean 686*5 


Thionyl chloride was repeatedly fractionated; the specimen 
used boiled at 76*9—77*1° (corr.)/772 mm. Densities determined : 
D\f 5 ' 1*656, Iff 1*622, Df 1*593; whence D£ = 1-683—0*001882. 
Molecular weight 119*0. 


App. 

t. 

P. 

D-d. 

<p. 

7* 

Parachor. 

8c 

18 

5820 

1*649 

1*0395 

34*01 

174*3 

a 

37 

5375 

1*613 

1*0418 

31*48 

174*8 

n 

51 

4992 

1*587 

1*0443 

29*31 174*4 

Mean 174*5 


Sulphwyl chloride was prepared by boiling chlorosulphonic acid 
with a little mercuric sulphate and was repeatedly fractionated. 
The specimen used boiled at 70*0—70*2° (corr.)/772 mm. For the 
surface tension measurements the incoming air was dried over 
phosphorus pentoxide. Densities determined : D\T 1*700, DJT 1*671, 
Df*' 1*640; whence!)?: = 1*727—0*002272. Molecular weight = 135*0. 


App. 

t. 

P. 

D — d. 

<p. 

7- 

Parachor. 

4d 

13° 

4380 

1*696 

1*0364 

35*26 

193*9 

it 

23*5 

4081 

1*673 

1*0386 

32*92 

193*3 

it 

47*5 

3504 

1*617 

1*0434 

28*40 192*8 

Mean 193*3 


Dimethyl sulphate. The commercial product was distilled once 
under reduced pressure and fractionated at atmospheric pressure. 
The specimen used boiled at 187*5° (corr.)/769 mm. Densities 
determined: D l p° 1*3367, Df 1*3093, Dp* 1*2820, 1*2533; 

whence D£ = 1*3575—0*0012652. Molecular weight 126*1. 


App. 

t , 

P. 

D. 

4>* 

7* 

Parachor. 

4d 

18° 

5038 

1*3347 

1*0249 

40*12 

237*7 

ti 

36*5 

4738 

1*3113 

1*0260 

37*76 

238*3 


55 

4444 

1*2879 

1*0273 

35*46 

238*8 

- 

74*5 

4163 

1*2632 

1*0285 

33*25 

239*6 

, »> V 

93 

3879 

1*2399 

1*0301 

31*03 

240*0 


Mean 238*9 


Diethyl sulphate. The commercial product was twice distilled 
under diminished pressure; the specimen used boiled at 110° f 
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(corr.)/30 mm. Densities determined: 1*197, DJT 5 ’1*175, 

jDg* r 1*153, DJTM36; whence !>£=: 1*210—0*00112*. Molecular 
weight 164*1. 


App. 

t . 

P. 

D. 

<*>• 

7* 

Paraehor. 

4d 

13° 

4344 

1*195 

1*02.59 

34*61 

312*7 

93 

32*5 

4080 

1*174 

1*0271 

32*54 

313*5 


48 

3866 

1*156 

1*0281 

30*86 

314*2 

9 ) 

70 

3576 

1*132 

1*0298 

28*60 

314*8 


Mean 313*8 

Appendix. 


Calculation of Vapour Density in the Neighbourhood of the Boiling 
Point .—The expression for the paraehor involves the quantity 
D — d and whilst the vapour density, d, is small compared with D 
in most cases, it becomes sufficiently large to affect the value of the 
paraehor at temperatures approaching the boiling point. The 
value of d can, however, be calculated in the following manner with 
sufficient accuracy, since it only enters into the expression for 
the paraehor as a small correction term. 

If it is assumed that the gas laws hold for the vapour at the 
boiling point, then d b = 0*0122 M/T b , where d b is the vapour density 
at the boiling point T b on the absolute scale at 760 mm., whilst 
M is the molecular weight. For lower temperatures, the variation 
of the vapour density is expressed with sufficient accuracy by the 
expression log 1(y d]d b = 5(T/T b — 1), where d is the vapour density 
at an absolute temperature, T. The accuracy with which this 
empirical expression can be used to calculate the vapour density 
is shown by the examples below. The values of d obs. are those 
given by Young (Proc. Boy . Soc. Dublin , 1910,12, 374). 


Benzene : P4=353, d 6 = 0-0027. 


Chlorobenzene : P4—405, <24=0*0034. 


t. 

d calc. 

d obs. 

Dm. 

t. 

d calc. 

d obs. 

Dm. 

80° 

0*0027 

0*0027 

±0-0000 

120° 

0*0024 

0*0026 

-0*0002 

60 

0*0014 

0*0015 

- 0*0001 

100 

0-0014 

0-0014 

±0*0000 

40 

0*0007 

0*0008 

-0-0001 

80 

0*0008 

0*0008 

±0*0000 

20 

0*0004 

0*0004 

±0-0000 

60 

0-0004 

0*0002 

±0*0002 


Diethyl ether 

; 


Ethyl acetate: 


' ' 

2V=308 

, <*4=0*0029. 


^4=350, ^=0*0031. 


dcalc. 

<2 obs. 

Dm. 

t. 

d calc. 

d obs. 

Dm* 

30° 

0*0024 

0*0027 

-0*0003 

60° 

0*0016 

0*0018 

-0*0002 

20 

0*0016 

0*0019 

-0-0003 

40 

0*0009 

0*0008 

±0*0001 


0*0012 

0*0013 

-0*0001 

20 

0*0003 

0*0003 

±0*0000 

> o 

0*0008 

0*0008 

±0-0000 




life 

**■- ' 
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CCIV .—The System Chromium Trioxide-Boric 
Acid-Water. 

By Lionel Eelix Gilbert. 

This investigation was undertaken in continuation of previous work on 
the interaction of chromic acid with other acids (Gilbert, Buckley, and 
Masson, J., 1922,121,1935; Mumford and Gilbert, J. 9 1923,123,471). 

The general experimental method was similar to that previously 
described (loc. cit.). The reaction tubes were partly filled with 
chromic acid solutions of different concentrations and with approxi¬ 
mately known amounts of (ortho-) boric acid. The temperatures 
were again 25° and 45°. 

Chromic acid was estimated iodometrically; total acidity was 
determined by titration of another sample with barium hydroxide, 
mannitol being added when the end-point, indicated by phenol- 
phthalein, was near. As the commercial mannitol used had a 
slightly acid reaction, it was found convenient to make up a saturated 
stock solution in water and to neutralise from time to time with 
barium hydroxide. A few c.c. of the saturated solution were 
sufficient for each titration. Baryta was run into each suitably 
diluted mixture till a definite pink colour persisted for 3 minutes 
(compare Kolthoff, Chem. WeeJcblad, 1922, 19, 449). This end¬ 
point is, however, sometimes difficult to determine accurately. 

The results obtained are shown in Tables I and II, boric acid 


Table L Table II. 

Compositions (g. per 100 g.) Compositions (g. per 100 g.) 
and densities at 25°. and densities at 45°. 


Liquid phase. 

Wet 

solid. 

Liquid phase. 

Wet 

solid. 

df. 

CrO a . 

BA- 

OO a . 

BA. 

df, 

CrO a . 

B 2 O a . 

CrO a . 

BgOg. 

1*699 

62*40 

0‘10 

32*38 

26*09 

1*674 

61*56 

0*90 

39*31 

20*84 

1*657 

59*90 

0-16 

35*82 

22*36 

1*612 

58*10 

0*92 

33*96 

23*91 


53*72 

0*28 



1*603 

57*50 

0*87 

29*78 

27*42 


49*75 

0-42 

45*39 

5*28 

1*603 

57*34 

M2 

32*71 

24*43 

1*420 

43*80 

0*65 

24*42 

24*89 

1*528 

53*80 

0*85 

24*28 

29*88 

1*296 

37*89 

0*92 

21-12 

25*11 

1*219 

25*60 

2*33 

11*68 

32*10 

33*05 

1*02 

17*94 

26*07 

1*038 

2*40 

4*76 

0*93 

36*53 

1-212 

24*31 

1*35 

9*02 

35*72 






1*156 

18*07 

1*58 

9*30 

28*52 






1*086 

9*42 

2*28 

5*19 

27*07 






1*052 

4*90 

2*79 

2*50 

31*01 







being calculated as B 2 0 3 ; the data of Table I are also shown 
graphically in the figure, in which the value shown for the solubility 
of boron trioxide in water at 25° (3*1% B 2 0$) has calculated 
from Seidell’s tables. It will be observed that i^bducticns of 
the tie-lines connecting liquids with coirespondii^ Wftfc solids pass.. 
very closely to the point representing the composition pf Iboiric 
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acid (56-3% B 2 0 3j marked by an arrow on the diagram). The 
same occurs when the data for 45° are plotted. Apparent irregu¬ 
larities at 45° in the boron trioxide content of solutions containing 
much chromium trioxide may be ascribed to analytical errors, 
especially as the end-point in the total acidity determination is not 
sharp, and the small amounts of boron trioxide are determined by 



The solubility of boric acid in aqueous solutions of chromic acid at 25°. 


diifeKaice. For these reasons no great accuracy is cl aim ed for the 
boron trioxide determinations, but from the behaviour of the 
tie-lhaes there seems no doubt that the solid phase is always boric 
acid. The shape of the curve appears to indicate that the depression 
of solubility of boric acid as the concentration of chromic acid is 
raised is due bSfefiy to common ion (hydrogen) action. 

Th is W i re jam Ramsay Inorganic and 
Phybical Chemistry Laboratories, 

XJsivBEsmr College, London. [Received, May 21st, 1023.] 
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CCV .—The Dissociation Constants of Selenious Acid . 

By James Stuart Willcox and Edmund Brydges Rudhall 

Prideaux. 

The first dissociation constant of selenious acid as determined by 
Ostwald (“ Allgemeine Chemie,” 1893) is 1*59 X 10“ 3 (conductivity 
method). The first and second constants as determined by Blanc 
(J. Chim. phys., 1920, 18, 39) are 2*7 x 10~ 3 and 5*1 x 10~ 8 . 
Blanc, who stated his results with considerable reserve, appears to 
have used the following method. 0*595iV’-Sodiuni hydroxide was 
added, 0*1 c.c. at a time, to O-OlOSWselenious acid, and from the 
results obtained a conductivity-neutralisation curve was plotted, 
the rectilinear branches of which were produced in the usual manner 
to give the points of intersection corresponding to NaHSeOg and 
Na 2 Se0 3 . Solutions of the two salts prepared in accordance with 
these results were then treated with congo-red, phenolphthalein, or 
a-naphtholbenzoin and matched against buffer solutions of acetate 
and phosphate. These indicators were admittedly unsatisfactory; 
at the second point, = 9*7, phenolphthalein was at the limit of 
its change, and the colour change of naphtholbenzoin was not a 
pronounced one. Owing to the shape of the curve at these points, 
however, the accuracy in the determination of p K was probably 
sufficient. We consider that a more serious source of error is the 
difficulty of finding the p n points of inflection on the neutralisation- 
conductivity curve and of reproducing the correct stoicheiometrical 
proportions of acid and alkali with sufficient accuracy. For 
example, whilst 0*1 c.c. of alkali of the concentration employed by 
Blanc neutralises 6% of the acid, a change of 1% in the amount 
neutralised corresponds, from our curve, with a change of 1*0 in 
p K value. We have therefore redetermined the constants with the 
aid of several indicators, including some of the modern ones, and at 
those stages of neutralisation at which the solutions are well buffered, 
and therefore not unduly sensitive to small errors in the addition 
of alkali. . 

Experimental. 

A solution of selenium dioxide (prepared according to the usual 
method) in alcohol was filtered, and evaporated to dryness on the 
water-bath; the residue was recrystallised several times from 
hot water. To 20 c.c. of a 0*05AT-solution of this selenious acid 
(factor 0*97, found by analysis, the acid being converted into and 
weighed as selenium) were added measured volumes of 0-1892^ 
sodium hydroxide, free from carbonate, in the presence of suitable 
indicators. The colours were matched, in Kessler glasses, agaifift 
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those of solutions obtained by the addition of the same alkali to 
20 c.c. of the British Drug Houses universal indicator (J., 1924, 125 , 
427) containing the same number of drops of indicator, and hence the 
hydrion concentrations corresponding to each 3% of acid neutral¬ 
ised were obtained. 

Calculation of K x and K 2 .—In the following tables x is the number 
of c.c, of alkali added to 20 c.c. of the selenious acid solution. The 
percentage of acid neutralised is calculated from the value of x , 
and the total concentration, c, of the acid is 0*97/(20 + #)•' The 
concentration of the sodium salt, [NaHA], and of the anion derived 
from this, is 0*189^/(20 + #). Individual values of h + [NaHA] 
and c — (h + [NaHA]) introduced into the equation 

K x = + [NaHA])/{c — (A + [NaHA])} . . {a) 

give the values of K x up to p K = 3*9; the results marked* in the 
tables have been used. For values of p K a little greater than 3 up 
to 4, equation (1) (J., 1924,125, 427), which does not take account 
of the total concentration, may be used, terms containing K 2 being 
omitted; i.e., 

K x = Rh/(l - B) . (1) 

where R = equivalents of alkali added to 1 mol. of acid = % acid 
neutralised — 50. For values of p K from 6*0 upwards, K 2 is cal¬ 
culated from the equation 

K 2 = h(R - 1)1(2 - R) . . . ( 2 ) 

The figures marked f in the tables have been introduced into 
equation (1), those marked J into equation (2). 

■ : \A 0*5 1-0 1*5 2-0 2*55 3*0 3*57 4*0 

5 9*8 14*5 19*5 24*9 29*2 35 39 

> 2 * 2 * 28 * 2 * 35 * 2 * 4 * 2 * 45 * 2 * 49 * 2 * 65 * 2 * 82 * 

the--following tables the percentage of acid neutralised is 
equal to 10a: —1. 

B.D.S. universal iTidicator. 



5*0 

5*1 

5*2 

5*3 

5-4 

5*5 

•*»'■' =3-45* 

Bromfkmd-blue. 

4*05f 

4-7 

5-45J 

6*3+ 

8*8f 

7* 15f 

, fl? - 4*0 

4*7 

4*8 

4*9 

5*0 

5-1 


P&L':- >***.*^**^H*.' ^ 3*35*f 

Congo^r&i, 

x .; W 4-6 

PB =*3*25* 

3-55*f 3-7o*f 

4 ; 7 4-8 

$-35* 3-63* 

3-9*t 4*4 

49 5-0 

3*8* 4*2 • 

4-85 











THE DISSOCIATION CONSTANTS OF SELBNIOUS ACID. 1545 


Litmus. 

x . = 5*2 5-4 5*5 5*6 

pa . = 5*9J 6*4J 6-55J: 0*98$ 

Phenol-red. 

x . = 5*63 6*13 6*65 7*16 7*67 

PH . = 7-2J 7*6J 7*8+ 7*95 J 8*05* 

Thymol-blue. 

x . = 8-18 8*69 9*2 9*71 

%acidneut. =80 85 90 95 

ps . = S' 1+ 8*3J 8-55J S-95J 


Fig. 1. 


The neutralisation of selenioua acid. 


NaHSsOg Na 2 Se0 3 



Per cent, of H 2 SeO s neutralised. 

© Experimental. + Calculated from present constants * X Calculated from 

Blanc's constants. 


The mean values of 10 3 X calculated from equations (a) and 
(1) above ate : Thymol-blue, 4-18*; bromphenol-blue, 3-3*, 3-22f; 
congo-red, 4*32*; B.3XH. indicator, 4*37*f. Allowance being made' .; 
for the number of observations, the general mean is: K x « 4*0 X 
'The mean' valuesof • 10*- X'IT* .BJ&.fc;/ 
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litmus, 1*15; phenol-red, 0*72; thymol-blue, 1-04. The general 
mean is : E 2 = 0*87 X 10" 8 . 

A few values of p K calculated from these constants are represented 
by + on the graph, i.e.: 

% acid neut. 0 50 50*5 54-0 74*4 95-25 100 

pu . = 1-86 5*23 6 7 8 9 10-35 

The experimental results are represented by circles, and the values 


calculated from Blanc’s constants, at a molarity of 0*05, by X. 

% acid neut. = 0 0*7 

12-5 

35-5 

41-5 

47*7 

50*05 - 

Ph . — 1-99 2 

2-3 

3-0 

3-3 

4-0 

5 

% acid neut. = 52-4 54-6 

66-5 

75-25 

91*5 

95-5 

99*05 

Ph . = 6-0 6*3 

7-0 

7-3 

8-0 

8-3 

9*0 


The first branch of Blanc’s curve lies distinctly above ours. The 
second branch of our curve has a very different position from 
Blanc’s, the alkalinities throughout being greater. 

The end-points in the titration of O-OSiV'-acid are : 

NaHSeO s . Na 2 Se0 3 . 

Blanc . 4-93 9-70 

W. & P. 5-23 10-35 

The choice of p-nitrophenol for the first titration is justified, 
and cochineal, lacmoid, and resazurin also should be suitable. 

The second end-point does not of course give so accurate a titra¬ 
tion, but we have obtained fair results with thymolphthalein (to a 
full blue). Tropaeolin O is not so good. 

Univebsity College, Nottingham. [Received, April 27th, 1925.] 


CCVL —The Interaction of Carbon Dioxide and 
Hydrogen on the Surface of Tungsten .. 

Norman Hinshelwood and Charles Ross Prichard. 

- According to Taylor ( Proc . Boy. Soc ., 1925, A, 108, 105), only a 
fipaO fraction of a catalytic surface is necessarily active and this 
fraction is a function, not merely of the surface itself, but also of 
the reaction catalysed. This theory, which is based upon evidence 
ii'of different kinds, was very helpful in interpreting the results of 
investigation of the interaction of carbon dioxide and hydrogen 
*^tihe surface of platinum, and other experiments (this vol., p. 

5 complete lack of correlation was sometimes found 
adsorption and that part of the adsorption which 
T^etics of heterogeneous reactions. These all lend 
support to Taylor’s view that catalysis may be confined to certain 
active ceafres^ 










DIOXIDE AND HYDROGEN ON THE SURFACE OF TUNGSTEN. 1547 

In continuation, the interaction of carbon dioxide and hydrogen 
on the surface of tungsten has been investigated. Kinetically, the 
reaction is somewhat different from the reaction on the surface of 
platinum, but there is equally good evidence that it is determined 
by the adsorption of carbon dioxide and hydrogen on active centres. 
From measurements of the velocity of reaction, it must be inferred 
that saturation of the active surface with respect to each of the 
gases is reached without any appreciable displacement of the other. 
Saturation may be reached simultaneously and independently with 
respect to each. This seems to show that those centres which 
adsorb the carbon dioxide are not the same as those which adsorb 
the hydrogen, and that interaction requires the adsorption of 
molecules of each on adjacent centres of the appropriate kind. 

The experimental method was essentially the same as that used 
in the previous investigation except that the reaction vessel was 
now a tungsten filament Osram lamp (30 volt, half-watt) to which 
were sealed capillaries leading to gas-holders, manometer and 
Gaede pump. The temperature of the filament was calculated 
from its resistance with the aid of Langmuir’s data for the variation 
of the resistance of tungsten with temperature (Physical Rev., 
1916,7,159). 

The reaction was rendered irreversible by the absorption of the 
water formed in concentrated sulphuric acid in the bottom of the 
reaction vessel. 

It was shown by analysis that under the conditions of the experi¬ 
ments the only reaction taking place to an appreciable extent was 
the simple change H 2 + C0 2 = H 2 0 + CO. 

Pure carbon monoxide rapidly attacks a heated tungsten wire 
with formation of carbonyl, and the resistance of the wire increases 
very rapidly. Under the conditions of our experiments, however, 
the carbon monoxide produced in the reaction had no effect on the 
wire. Whether this was because the pressure was not great enough 
or because the other gases had a protecting action on the wire was 
not investigated, but it was ascertained with the greatest care 
that the resistance of the wire remained constant and, an even 
more delicate test, its catalytic activity remained remarkably 
steady. Control experiments under standard conditions were 
repeatedly made to ensure that the results were not being vitiated 
by any change in the wire. 

Influence of the Pressure of the Hydrogen on the Rate of the Reaction * 
—Experiments were made with a constant pressure of carbon dioxide 
and varying hydrogen pressures. The rate of reaction first increases 
with the pressure of hydrogen and then remains constant, showing 
that the active part of the surface becomes saturated, with hydrogem 
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This is illustrated in Kg. 1. The curves were obtained with four 
different wires, the saturation capacities of which were naturally 
slightly different. The reaction-time curves are almost linear over 
a considerable range, so that the amount of carbon monoxide 
formed in 100 or 200 seconds is a quite legitimate and convenient 
measure of the initial rate of reaction. The following figures were 
obtained with one of the four wires used. 


Fio. 1. 


Relation between rate of reaction and hydrogen pressure. 



Initial pressure of hydrogen in millimetres. 


(1) Wire 1, 50 mm. C0 2 , 1182°; (2) Wire 3, 50 mm. CO a , 1135°; (3) Wire 1, 
100 mm. CO a , 1182°; (4)» Wire 5, 50 mm. C0 2 , 1027°; (5) Wire 2, 50 mm. CO a , 
1215°. 


Table I. 

Influence of Hydrogen Pressure. 

Pressure of carbon dioxide == 50 mm. in each case. Tem¬ 
perature = 1182°. 


Press, of 


Press, of 


H 2 (m), % C0 2 changed to CO in H 2 (mm.) % C0 2 changed to CO in 


py. 

100sec. 

200 sec. 

300 sec. 

[H 2 ]. 

100 sec. 

200 sec. 

300 sec 

' 50 

22 

41 

56 

300 

40 

68 

85 

im ■ 

30 

54 

74 

400 

41 

70 

86 


36 

63 

82 

500 

41 

66 

84 


fcyrfe the fraction of the active surface covered with hydrogen, 
Soapiest type of adsorption equilibrium is expressed by 
whence <r = -f [H 2 ]). 

the readings at 100 seconds as proportional to initial 
^ procedure justified by the almost linear form of the 
*rve^ a©$m^ x the limiting rate at infinite hydrogen pressure, 
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wo have for [H 2 ] = 50, <r = 22 fx and for [H 2 ] = 100, cr = 30/x; 
whence we find #=47 and <r = [H 2 ]/(57 + [H 2 ]). 

The following table gives the values of cr calculated from this 
equation, and also calculated on the supposition that the fraction 
of the active surface covered with hydrogen is given by the ratio 
of the actual velocity to the limiting velocity. This is referred to 
as cr ob8m 


[H 2 ] . (50) (100) 200 300 

<r 0 bs. . (0-47) (0*64) 0*77 0*85 

Ocaic. . (0*47) (0*64) 0*78 0*84 


At 400 and 500 mm. cr obg . falls below the calculated value, that is 
to say, the rate of reaction does not increase quite as rapidly as it 
should. Indeed the calculated limiting rate is 47% of carbon 
dioxide transformed in 100 seconds, whilst the observed limiting 
rate is 41%. The hydrogen therefore has a certain displacing 
action on the carbon dioxide at higher pressures, but, as the table 
shows, this is negligible up to 300 mm. and even above this the 
displacing action is not wholesale as it would be if both gases com¬ 
peted for the same portions of the surface. Other wires gave 
similar results as the diagram shows, but detailed figures need 
not be given. 

Influence of the Pressure of the Carbon Dioxide on the Bate of 
Reaction .—This is similar to that of the hydrogen pressure, but 
saturation is reached at lower pressures and a slight diminution in 
the rate of reaction occurs at the highest pressures. This indicates 
that the carbon dioxide can displace hydrogen to some slight 
extent, but the effect is almost negligible compared with that 
found when a platinum wire is used. 

Table. II. 

Influence of Carbon Dioxide Pressure . 

Pressure of hydrogen = 50 mm. in each case. Temperature = 
1182°. 


Press, of 

% total possible CO 

Press, of 

% total possible CO 

C0 2 (mm.) 


formed m 


CO a (mm.) 

formedm 

[CO*]. 

100 sec. 

200 sec. 

300 sec. 

[COJ. 

100 sec. 200 sec. 300 sec. 

50 

22 

40 

54 

300 

25 45 60 

100 

24 

46 

62 

400 

22 39 52 

150 

24 

45 

60 

450 

20 35 48 

200 

24 

45 

60 

500 

18*5 33*5 46 


Taking the saturation value as 25 and ignoring the slight dis¬ 
placement effect at 400 and 500 mm., o*co, = [C0 2 ]/(5 +* [0O 2 ]) 
is found to represent the fraction of the active surface covered with 
carbon dioxide at various pressures. 
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Typical curves obtained with various wires are shown in Tig. 2. 

THe Kinetics of the Reaction .—We have seen that the surface can 
apparently become saturated with hydrogen and carbon dioxide 
independently. Thus, for example, the experiments in which the 
pressure of the carbon dioxide is varied show that the surface is 
nearly saturated with respect to this gas at 50 mm. pressure. Yet 
with 50 mm. of carbon dioxide the hydrogen pressure can be 
increased from 200 to 500 mm. with little change in the reaction 
rate. If hydrogen displaced carbon dioxide, the rate would pass 
through a pronounced maximum, as it does in the experiments 
where carbon dioxide displaces hydrogen from certain active points 
on platinum surfaces. 


Fig. 2. 

Relation between rate of reaction and carbon dioxide pressure. 
s£ 



Initial pressure of carbon dioxide in millimetres* 


{1) Wire 1, 100 mm. H 2 , 1182°; (2) Wire 1, 50 mm. H«, 1182°; (3) Wire 2. 
100 mm. H 2 , 1215°; (4) Wire 3, 50 mm, H a , 1135°; (5) Wire 5, 50 mm. H s , 


If we have nearly independent adsorptions in this way, the 
simplest assumption to make is that the rate of reaction is pro- 
portional to cr^crCO 2 * 

r v I'fom the results of the previous section we should therefore have 

factors [Ey/(57 + [HJ) and [C0 2 ]/(5 + [COJ) were found 
.A ff^ ^^rirnente with pressures of 50 mm. of carbon dioxide and 
respectively. Using them, we may test the constancy 
dlber pressures. The following are some typical experiments, 
all carried ont at 1182°. 
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Amount of carbon monoxide (mm.) formed in time t. 


t (seconds). 

50 mm. H 2 \ 
50 mm. CO 3 J 

100 mm. H 2 1 
100 mm. CO 2 J 

200 mm. H 2 1 300 mm. H a \ 
200 mm. C0 2 / 300 mm. C0 2 J 

100 

11-5 

18-5 

23 

29 

200 

20 

34 

46 

58 

300 

27 

46 

64 

87 

400 

32 

56 

87 

116 

500 

36-5 

— 

105 

— 


h » 27 

k = 30 

k » 30 

k = 35 


The following table gives values of k for a number of similar 
experiments. In every case the rate of reaction from which k is 
obtained is expressed as the amount of carbon monoxide produced 
in 100 seconds. All the figures refer to wire 1. 


Press, of 

Press, of 


Press, of 

Press, of 


C0 2 (mm.). 

H 2 (mm.). 

k. 

C0 2 (mm.). 

H 2 (mm.). 

k . 

“ 50 

100 

26 

100 

50 

25*5 

100 

100 

25 

100 

100 

25 

150 

100 

27-5 

100 

150 

27 

200 

100 

27-5 

100 

200 

31*5 

300 

100 

27 

100 

300 

31 

500 

100 

27 





The idea of independent adsorption of the two reacting substances 
thus seems to be substantiated. 

The Influence of Temperature .—The temperature coefficient of 
the reaction rate was measured with one only of the wires. Experi¬ 
ments were made with a standard mixture of hydrogen (100 mm.) 
and carbon dioxide (100 mm.) at each temperature. 


CO (pressure in mm.) 
formed in 
100 secs. 

200 „ 

300 „ 


Temperature. 



2 5-5 II 21 29 

4 11 22 38 51 

7 16 * 33 52 — 


The value of the apparent heat of activation calculated from 
these by means of the Arrhenius formula is 30,000 calories. 


Summary , 

The rate of the reaction H 2 + C0 2 = H 2 0 + CO on the surface 
of a tungsten filament heated to temperatures between 1000° and 
1300° is proportional to cr H2 *a- C02> where cr H * and cr COl are the fractions 
of certain active parts of the surface, which are covered with 
adsorbed hydrogen and carbon dioxide respectively. 

The adsorption of each gas on the active centres is almost inde¬ 
pendent of the pressure of the other. This shows that the whole 
surface is not active, but that only certain parts are able to adsorb 
hydrogen and carbon dioxide and cause them to react. The parts 
which adsorb hydrogen in this way are different from those which 
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adsorb and render reactive the carbon dioxide. Interaction 
apparently takes place when molecules of the two gases are adsorbed 
on adjacent centres of the appropriate kind. 

We are indebted to the Royal Society and to the Chemical Society 
for grants with which some of the apparatus used was purchased. 

Physical Chemistry Laboratory, 

Balliol College and Trinity College, Oxtord. 

[Received, June 3 rd, 1025.] 


CCVIL —The Relation of Homogeneous to Catalysed 
Reactions . The Catalytic Decomposition of Hydrogen 
Iodide on the Surface of Gold . 

By Cyril Norman Hinshelwood and Charles Ross Prichard. 


A heterogeneous catalyst may influence a reaction in two ways. 
It may modify the mechanism of the chemical change by allowing 
it to proceed along another path. It may also facilitate the trans¬ 
formation by lowering the energy of activation, i.e. the energy 
which must be imparted to the reacting molecules before they can 
be transformed chemically. There is very good evidence that in 
homogeneous chemical changes this energy of activation is the 
quantity which plays the decisive part in determining the rate at 
which the reaction can take place at a given temperature. It 
must therefore be expected to have considerable significance in 
catalytic reactions also. 

The modification of reaction mechanisms is exemplified by the 
thermal decomposition of nitrous oxide. The homogeneous reaction 
is bimolecular (Proc. Roy . Soc. 9 1924, A, 106, 284). On the surface 


of platinum or gold the change becomes unimolecular (Proc. Roy . 
Soc. 9 1925, A , 408, 211; this vol., p. 327). It is resolved into the 


stages N 2 0 = N 2 -f 0 and O + 0 == 0 2 . The affinity of the 
for atomic oxygen renders possible the first stage, which 

■ place homogeneously if a very large amount of 
imunicated to the nitrous oxide molecule, for the 
ee oxygen atoms is a highly endothermic process, 
is a resting place for the oxygen atoms until they 
heir kind. It appears also that on the surface of 
aia decomposes unimolecularly (this vol., p. 1105), 
the homogeneous reaction has not been actually 
Imost certain from analogy with known examples 
bimolecular. 
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The question of the influence of the second factor, the lowering 
of the energy of activation, has not received a conclusive answer. 
The nitrous oxide decomposition is the only example hitherto inves¬ 
tigated in which a homogeneous reaction has been quantitatively 
compared with the corresponding heterogeneous change on one 
or more surfaces. The homogeneous transformation requires the 
collision of two molecules possessing a combined energy of 58,500 
calories. This quantity can be obtained from the temperature 
coefficient of the reaction velocity. The corresponding heats of 
activation obtained in the same way from the temperature coeffi¬ 
cients of the surface reactions on gold and platinum are 29,000 and 
32,500 calories, respectively. But it is not quite justifiable to 
compare these various values directly. In the case of bimolecular 
homogeneous reactions, there is ample evidence that the heat of 
activation is a real measure of the energy that the colliding mole¬ 
cules must possess in order that they may be transformed (compare 
J., 1924, 125, 1841). In heterogeneous reactions, however, the 
temperature coefficient of the reaction velocity depends partly 
on the variation with temperature of the amount of reactant actually 
adsorbed on the surface, and therefore the value of E obtained 
from the formula d log JcjdT = E/ET 2 requires correction before it 
represents the energy which the adsorbed molecules must acquire 
in order to undergo chemical change (compare J., 1923,123, 1014). 
There exists a real temperature coefficient of the rate of reaction 
of the molecules actually adsorbed. This would furnish a true 
value for the heat of activation having direct physical meaning, 
but since the relative numbers of molecules of reactant adsorbed 
at different temperatures are not known, the correction which 
would make the observed reaction velocities at various temperatures 
directly comparable with one another cannot be applied. The 
adsorption of the reacting gas diminishes with temperature. This 
acts in opposition to the normal increase of the true reaction rate 
with temperature and thus the observed temperature coefficient is 
less than the true value. Thus E^ is too small. It is likely 
that the necessary correction is quite small compared with 30,000 
calories, so that we are probably safe in concluding that the total 
activation required in each of the surface reactions of the nitrous 
oxide is much less than in the homogeneous reaction. It is true 
that the 58,500 calories refers to 2 gram-molecule®, whilst the values 
29,000 and 32,500 refer to 1 molecule only, the catalytic reactions 
being unimolecsdar. But the fact remains that the total activation 
necessary in the surface reaction is very much less, since in the 
homogeneous reaction one molecule is not activated without the 
other. 
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These conclusions are interesting, but not free from a little 
uncertainty, arising from the lack of knowledge about the exact 
correction that should be applied to the experimentally found heats 
of activation in the surface reactions. The object of this paper 
is to present results which are free from any such uncertainty. 

The difficulty to be overcome is the unknown variation in the 
degree of adsorption of the reacting substance at different tem¬ 
peratures. The d i fficulty vanishes in one special case, namely, 
when the surface is saturated at all temperatures so that the number 
of molecules present is always the same. This state of affairs is 
recognised by the fact that the absolute rate of reaction becomes 
independent of the pressure of the reacting gas, or, in other words, 
the reaction is of zero order. 

The heterogeneous decomposition of ammonia on the surface 
of tungsten was recently found to be approximately of zero order 
{this vol., p. 1105) and results are described in the present paper 
to show that the decomposition of hydrogen iodide on the surface 
of gold is also of this type. The observed heats of activation in 
these reactions are therefore equal to the true values and may be 
compared directly with the values for the corresponding homo¬ 
geneous reactions. 

The value found for the decomposition of hydrogen iodide on 
the surface of gold is 25,000 calories. Since the reaction is of zero 
order, it is impossible to tell whether one or two molecules of 
hydrogen iodide are involved in it; to decide this point is only 
possible with sparsely covered surfaces—when the surface is satur¬ 
ated, it makes no difference to the actual kinetics of the reaction 
whether one molecule decomposes spontaneously or two adjacent 
ones interact. From analogy with the case of nitrous oxide, it 
seems probable that only one is involved. However this may be, 
the total heat of activation is again very much lower than that of 
the homogeneous reaction, which amounts to 44,000 calories. 

With regard to ammonia the homogeneous reaction has not been 
observed, but its velocity has been shown to be negligible up to 
1050° (this vol., p. 1105). From analogy with the decompositions 
of ozone, chlorine monoxide, hydrogen iodide, and nitrous oxide. 


it seems certain that it would be found to be bimolecular, and from 
the table given by Hinshelwood and Hughes (J., 1924, 125, 1841), 
lowing the relation between the heat of activation of bimolecular 
Pi^qns and the temperatures at which they attain a given rate, 
|fcfe|^ious that the heat of activation in the homogeneous ammonia 
v^e^^^tion cannot be less than about 80,000 calories. The heat 
$0 of the reaction on the surface of tungsten was found 

to be 38,700 calories. 
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The following table gives a su m mary of the various relationships : 


Total activation 
Total activation required for the 

Reaction. required for the heterogeneous change 

Thermal decom- homogeneous change (probably or certainly 

position of (bimolecular). unimolecular). 

Hydrogen iodide. 44,000 25,000 (gold) 

Nitrous oxide . 58,500 29,000 * (gold) 

32,500 * (platinum) 

Ammonia. probably 39,000 (tungsten) 

>80,000 

* -f* small correction ? 


(The decomposition of ammonia on platinum cannot be brought 
into this table because it is retarded by the hydrogen formed in 
such a manner as to make the temperature coefficient mainly 
a function of the hydrogen adsorption.) 

It will be observed that the values for the surface reactions are 
in each case approximately half the corresponding values for the 
homogeneous reactions. There is perhaps some temptation to 
suppose that the numerical ratio of 2 : 1 would be exact if perfectly 
accurate data could be obtained, and to interpret this in terms of 
activation by one and two quanta. This, however, is not admis¬ 
sible. Activation doubtless takes place in accordance with quantum 
dynamics, but the characteristic quanta involved in reactions 
taking place under physical conditions so different as to lead to 
completely different reaction rates cannot be expected to bear any 
simple numerical relation to one another. When the stability of 
a molecule is profoundly modified, it can only be as the result of 
a rearrangement of the internal forces which will also lead to a 
fundamental Change in the size of the quanta. We must at present 
content ourselves with observing the greatly decreased heat of 
activation in the surface reactions and the probable change from 
bimolecular to unimolecular processes. 

The Catalytic Decomposition of Hydrogen Iodide on Cold .—The 
experimental procedure for measuring the rate of decomposition 
of hydrogen iodide on the surface of a heated gold wirlT%»s exactly 
as described in previous papers (this vol., p. 327; Proc . Boy. 
Soc ., 1925, A, 108, 211). The iodine liberated in the reaction 
was condensed on the walls of the vessel, which was kept at 0°. 
The vapour pressure of iodine at 0° is negligible. The reaction 
2HX = Hg + I 2 is therefore accompanied by a decrease in pressure 
which allows its rate to be measured. There existed the possibility 
that the gold wire might be attacked by the iodine. Gold iodide 
is, however, decomposed at 200°, and the lowest temperature of 
the wire in the experiments was 530°. Iodine, therefore, under 
the experimental conditions never had the opportunity of reaching 
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the wire except at a temperature several hundred degrees above 
that at which gold iodide ceases to be capable of existence. It 
should be mentioned that gold iodide is apparently endothermic, 
although F. Meyer finds that the interaction of gold and iodine 
diminishes with temperature and almost ceases above 190°. This 
leaves it just possible that there might be slight interaction again 
at higher temperatures. But it is in the highest degree unlikely 
that the dissociation pressure of gold iodide would at 800° have 
fallen below the minute iodine pressure prevailing in these experi¬ 
ments, and the special experiments made to test for interaction 
showed that it was in fact inappreciable. The change in pressure 
observed when the decomposition was complete coincided with the 



Time in seconds . 


Catalytic decomposition of hydrogen iodide with surface of gold . Initial pressure 

200 mm. 

theoretical value. The resistance of the wire at 0° was measured 
from time to time and found not to vary as it would if the gold 
were being attacked, and the catalytic activity remained constant* 
The action of the gold may therefore be regarded as purely catalytic 
in the usual sense of the term. 

The hydrogen iodide was prepared by dropping syrupy phosphoric 
acid on a mixture of finely divided potassium iodide and phosphorus 
pentoxide in an apparatus. made entirely of glass. The gas was 
dried by passage over phosphorus pentoxide and condensed in a 
bulb surrounded by liquid air. While the hydrogen iodide was kept 
solid, any non-condensible impurities such as hydrogen were 
pumped away. About one-third of the liquid was then allowed 
to distil into an evacuated blackened glass bulb, provided with a 
tap. This bulb was then sealed to the decomposition apparatus. 
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Since hydrogen iodide attacks mercury, special precautions have 
to be taken in measuring the reaction velocity with the aid of a 
mercury manometer. Fortunately, it was found that hydrogen 
has no influence on the velocity of decomposition and it was there¬ 
fore convenient to allow the reaction always to proceed in the 
presence of a certain amount of hydrogen, which was let into the 
apparatus first and thus acted as a buffer in the capillary mano¬ 
meter, protecting the mercury completely from any attack by the 
hydrogen iodide. 

The following figures show that hydrogen has no effect on the 
reaction velocity. 

Temp. 705°. HI alone (200 mm.), Amt. decomposed in 200 sees. = 32 mm. 

HI (200 mm.), H 2 (100 mm.). Amt. decomposed in 200 
secs. = 34 mm. 

Temperature 705°. Amount of hydrogen iodide decomposed (mm.). 



50 mm. H a \ 

100 mm. H 2 \ 

200 mm. H 2 

Time (see.). 

100 mm. HI j 

100 mm. HI J 

100 mm. HI / 

100 

19 

18 

18 

200 

35 

36 

34 

300 

49 

50 

47 

400 

61 

62 

59 

500 

72 

72 

68 


The absolute amount of hydrogen iodide decomposed in unit 
time is nearly independent of its pressure. This may be seen by 
an inspection of the following results. It will also be observed 
that the curves shown in the figure are not far from linear. 


Temperature 705°. 100 Mm. of hydrogen present in each expt. 

Amount of hydrogen Amount of hydrogen 

iodide decomposed. iodide decomposed. 


Time 

100 mm. 

200 mm, 400 mm. Time 

100 mm. 

200 mm. 

400 mm. 

(sec.). 

HI. 

HI. 

HI. (sec.). 

HI. 

HI. 

HI. 

ZOO 

18 18 

22 

26 

800 

88 

90 

— 

■ — 

200 

34 36 

42 

46 

900 

■ ' — 

— 

148 

174 

300 

48 50 

60 

— 

1200 

— 

— 

— 

224 

400 

60 62 

76 

76 

1500 

— 

— 

— 

266 

500 

69 72 

— 

— 

1800 

— 

— 

— 

308 

600 

77 79 

110 

118 

2100 

— 

— 

— 

334 

700 

— — 

— ' 

— ■ 

2400 

— 

— 

—• 

352 

Temperature 588°. 






Temperature 817°. 


Amount of hydrogen 


Amount of hydrogen iodide 


iodide decomposed. 




decomposed. 


Time 

200 mm. 

400 mm. 

Time 

100 mm. 

200 mm, 400 mm. 

(secs.). 

HI. 

HI. 

(secs.). 

HI. 


HI. 

HI. 

200 

10' 

11 

100 


58 


58 

76 

400 

18 

— 

200 


84 


111 

144 

500 


26 

300 


92 


162 

196 

900 

36 

44 

400 


■ : — . 



252 

1600 

54 


500 


— : ■' 



298 




600 


. ~~~ 


— ' 

334 




700 




. ' - 

354 


3 & 


vol. cxxvn. 
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The reaction is thus nearly of zero order, a fourfold increase in 
pressure increasing the absolute reaction rate only in the ratio 1: 1*45 
at 705° and 1 : 1*46 at 817° instead of in the ratio 1 : 4*0, as would 
happen if the change were according to the unimolecular law. 

The nearness of this ratio to unity shows that saturation of the 
surface is nearly reached at both temperatures and the equality 
of the ratio at the two temperatures shows that the deviation 
from saturation at a given pressure cannot differ appreciably in 
the two cases. The temperature coefficient should therefore be 
independent of the variation of adsorption with temperature. 

The influ ence of temperature on the velocity of reaction was 
measured from 530° to 817°. From the slope of the line obtained 
by plotting the reciprocal of the absolute temperature against 
log t, where t is the time taken for 50 mm. out of an initial 200 mm. 
of hydrogen iodide to decompose, a value of 25,000 calories is found 
for the heat of activation. The same value is found from the 
times required for 20 mm. out of the initial 200 mm. to react. 

Absolut© temperature.. 803° 861° 917° 978° 1034° 1090° 

t (seconds) . 6000 1450 650 242 157 85 

A discussion of these results has been given in the earlier part of 
the paper. 

Summary and General Conclusions . 

It is shown that the thermal decomposition of hydrogen iodide 
on the surface of a heated gold wire is a catalytic reaction the rate 
of which is almost independent of the pressure of the gas and 
uninfluenced by the presence of hydrogen. 

It is pointed out that such “ zero-order ” reactions are of special 
importance because their temperature coefficients are not influenced 
by the changing degree of adsorption of the reactant. The “ heat 
of activation ” may therefore be expected to have, without correc¬ 
tion, the direct physical significance that it possesses in the case of 
homogeneous reactions. 

On the basis of the results described in this and previous papers 
it is now possible to make a comparison between the mechanism of 
homogeneous reactions and that of the corresponding reactions 
catalysed by surfaces. 

The reactions considered are the homogeneous thermal decom¬ 
position of nitrous oxide, hydrogen iodide, and ammonia, and the 
heterogeneous decomposition of nitrous oxide on platinum and 
gold, of hydrogen iodide on gold, and of ammonia on tungsten. 

It is shown that the surface reactions have heats of activation 
only about half as great as those of the bimolecular homogeneous 
changes. But the surface reactions have been shown in some cases 
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to involve only one molecule, and this is probably the general rule. 
Thus the function of the surfaces in the reactions considered is to 
permit the occurrence of a unimolecular process instead of a 
bimolecular process requiring an energy of activation about twice 
as great. 

We are indebted to the Royal Society and to the Chemical Society 
for grants in aid of this work. 

Physical Chemistry Laboratory, 

Balliol College and Trinity College, Oxford. 

[Received, May 26th, 1925 .] 


CCVIII .—The Adsorption of Water from the Gas Phase 
on Plane Surfaces of Glass and Platinum . 

By Ivan Roy McHaffie and Sam Lenher. 

The results of numerous investigators (Ihmori, Ann. Phys. Ghem., 
1887*31,1006; Briggs, J. Physical Ghem., 1905, 9, 617; Trouton, 
Proc. Roy. Soc., 1907, A , 79, 383; Katz, Proc. K. Akad. Wetensch. 
Amsterdam, 1912, 15, 445; Parks, Phil. Mag., 1903, 6, 517) would 
indicate that the film of water adsorbed on a glass surface at the 
ordinary temperature from the gas phase may be of more than 
monomolecular thickness when the pressure of water vapour is 
not far removed from the saturation value at the corresponding 
temperature. Langmuir {Proc. Faraday Soc., 1922, 607 ; Physical 
Rev., 1915, 6, 79), in stating his important theory of adsorption, 
says, “ Only when we have saturated vapours should we ever get 
films of gas molecules of more than monomolecular thickness.” 
The present research is a study of the films of water adsorbed from 
the gas phase on plane glass and platinum surfaces when the pressure 
of the water vapour is near the saturation value. 

The method employed is such that a direct measurement of the 
number of molecules adsorbed from a saturated vapour on a known 
area of a plane surface can be made. The phenomenon on which 
this study of adsorption is based was observed by one of us in another 
research and may be briefly stated as follows. Consider a closed, 
evacuated system into which a limited mass of water is introduced. 
This mass must be such that at some higher temperature the entire 
amount will be in the state of vapour, but at the initial temperature 
part of the water exists in the liquid phase, the remainder being 
in the gas phase. The pressure in the system due to water vapour 
should be equal to the vapour pressure of water at the initial tern- 

3 n 2 - 
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perature, and the pressure at successively increasing temperatures 
should be equal to the vapour pressure of water at the corresponding 
temperatures until all of the water present has passed into the 
gaseous phase. 

The increases of pressure above this value due to increasing 
temperatures should be proportional to the absolute temperature. 
If tire temperatures be plotted as abscissae and the corresponding 
pressures as ordinates, the curve obtained from these theoretical 
considerations would be nob (Fig. 2). The portion clo is the vapour- 
pressure curve for water and ob is the curve showing the effect of 
temperature on the pressure of a gas at constant volume. The 
values of pressure in the system as a function of temperature, 
determined experimentally, do not agree with these theoretical 
considerations. The experimental curve for such a system is neb 
(Fig. 2). At temperatures below the point a the experimental 
curve coincides with the vapour-pressure curve for water (ao), 
and at the temperatures above the point b the experimental curve 
coincides with the theoretical curve ob. The measurements of 
pressure at temperatures between a and b are in every case less 
than those expected from the simple theory given above. The 
greatest deviation of the experimental curve from the theoretical 
curve is at the temperature given graphically by the point o. At this 
temperature all the water in the system should be in the gaseous phase, 
if adsorption did not occur, and the pressure due to water vapour 
should be equal to the vapour pressure of water at this temperature. 
If the temperature and the pressure of the system are those of the 
point b , then all of the water present exists in the gaseous phase. 
The pressures determined experimentally at successively decreasing 
temperatures between b and o should be those represented by the 
line bo, if adsorption did not occur, but the values of pressure deter¬ 
mined lie along the curve be; continued pressure measurements 
at temperatures between c and a give the curve m, the experimental 
curve from a to 6 being a smooth continuous curve. 

The pressure measured at any temperature between a, and b is 
less than the expected value. This decrease of pressure must be 
due to adsorption of water from the gas phase. That equilibrium 
is established along the curve is evident from the fact that at any 
one temperature the value of the pressure measured is the same 
whether the system be heated to that temperature or cooled down 
from a higher one. 

It is not possible to state definitely from the findings of this 
research whether the adsorption measured takes place directly 
on the solid surface of the glass or platinum, or on the surface of a 
stable adsorbed layer of water which is on the surface throughout 
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all of the experiments. The procedure adopted is such that this 
question cannot be settled here.* 

The method of experimentation was as follows. 

The Adsorption of Water on a Glass Surface. 

The Apparatus .—A diagram of the apparatus employed to measure 
the pressures in a constant-volume system is shown in Fig. 1. 


Fig. 1. 



A is a hollow cylindrical tube of soft Duroglass closed at the top 
end; the lower end is sealed to a glass tube of smaller diameter 

* The adsorbing surfaces in the case of glass or platinum (the materials 
employed in this investigation) are not of course ideally plane as assumed in 
this paper, and so the amount of substance adsorbed per unit of area of 
adsorbing surface may be smaller than as calculated. A discussion of this 
question is reserved for a subsequent paper. 
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which, is bent into a U, D. At the bottom of the U a glass tube 
78 cm. long is sealed; a mercury air-trap is sealed to the bottom 
end of this tube, which is in turn attached to a mercury reservoir 
by means of rubber tubing. The internal dimensions of A were 
carefully measured before the tube was constructed; tubing of 
uniform bore and as free as possible from imperfections was chosen. 
The tube was annealed for 4 hours at 500°. The internal surface 
of the tube A was cleaned by first washing with organic solvents. 
The tube was then filled with freshly prepared chromic acid cleaning 
solution and allowed to stand for 24 hours. The cleaning was com¬ 
pleted with fuming nitric acid and repeated washings with distilled 
water. The volume of the tube to the pointer P was calibrated 
to 0*005 c.c. The open end of the U, D, is connected to mercury 
diffusion pumps and a McLeod gauge. A tap is placed in the tube 
B. A few cm. below the tap a side tube is sealed making connexion 
with a second U tube, E, the other end of the U is sealed to a bulb, 
0, containing distilled water. 

To the bottom of the U, E, a tube similar to that at the bottom 
end of D is sealed and is connected as before to a mercury reservoir. 
In making the final position seals in the clean apparatus the glass 
blowing was done through a phosphorus pentoxide tube. All 
the mercury used in the apparatus was thoroughly purified and 
dried by the usual methods. The whole was mounted vertically 
in a water thermostat, the temperature of which was maintained 
and controlled electrically, the thermoregulator permitting of an 
adjustment over a long range of temperature. The tubes from 
3> and E passed through stuffing boxes in the bottom of the thermo¬ 
stat. A scale, H, calibrated to 0*01 mm., was mounted be hin d 
the tube B. Plate glass windows were set in the sides of the thermo¬ 
stat so that the differences in level between the mercury in E and B 
might be read by means of a cathetometer provided with a micro¬ 
meter screw adjustment. Evacuation was carried out by means 
of a diffusion pump backed by a Topler pump. Pressure readings 
at high vacuum were made by the McLeod gauge. Before the 
apparatus was used for any determinations the air was entirely 
removed from the apparatus and from the water in C. 

Experimental Procedure .—The mercury in D and E is lowered 
and the pressure of the air reduced by means of the water pump 
to such a value that the water in 0 just begins to boil. Excessive 
boiling must be avoided, otherwise water will be carried over from 
C into the U, E. The mercury is then raised in E and the evacuation 
continued by the diffusion pump until the pressure remaining in 
the apparatus cannot be read on the McLeod gauge. The tap B 
is then closed and the mercury lowered in E. 
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When sufficient time has elapsed for the pressure to come to equili¬ 
brium with the vapour pressure of the water in C, the mercury 
in E is again raised and evacuation continued. This process is 
carried out a sufficient number of times so that the last remaining 
traces of air in C are removed. The position of the pointer P is 
now determined relative to the scale H. 

When the vacuum is as high as possible, the mercury in D is 
raised until the tip of the pointer just touches its reflected image in 
the mercury meniscus. The position of the meniscus in B is then 
read off to 0*01 mm. on the scale H. This determination of the 
“ zero ” position of the pointer was carried out a number of times 
and in every case concordant results were obtained. The tap B is 
then closed and the mercury lowered in D and E. The temperature 
of the thermostat is adjusted so that the value of the pressure in 
A due to water vapour, and hence the mass of water in A, is-that 
desired for a particular measurement. During the filling process 
the mercury in D and E is lowered just below the bottom of the 
U’s so that any condensation of water on the mercury surfaces is 
avoided. The mercury is then raised in D and E, B is opened, and 
the apparatus completely evacuated to the mercury surfaces. The 
pressure in A is then determined by raising the mercury in D until 
the tip of the pointer just touches its reflected image, and reading 
off with the cathetometer the position of the meniscus in B on the 
scale H. The difference between this value and that of the “ zero J> 
position of the pointer is the pressure in mm. of mercury at the 
temperature of the thermostat exerted by the water vapour in A. 
Prom this reading it is possible to decide whether or not the desired 
amount of water has been admitted to A. If it is not sufficient, 
the temperature of the thermostat is increased, and the filling 
operation again performed. If too much water has been admitted, 
B is closed, the mercury is lowered in D, permitting some of the 
water vapour to escape into B, the mercury is then raised in D, 
the tap B is opened, and the portion of the apparatus above the 
mercury surfaces is further evacuated. This procedure is continued 
until the amount of water in A is that desired. It is not essential 
at this stage to know exactly the mass of water which has been 
admitted to A, since the mass may be determined from later measure¬ 
ments. Readings of the pressure in A are made both at successively 
increasing and decreasing temperatures, and in both instances 
readings obtained at any one temperature agree to 0*01 mm. The 
temperature is increased until the water vapour is behaving as a 
gas whose pressure at constant volume is increasing linearly with 
increasing temperature. The readings are continue at suocessiveJy 
lower temperatures until the pressures measured agree as nearly 
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as possible with the vapour pressures of water at the corresponding 
temperatures. 

Results .—The .readings obtained in a series of measurements 
are given in Table I. T is the absolute temperature, and p the 
pressure read at the corresponding temperature in mm. of mercury 
at 0*0° C. The volume of the tube A was 13*307 c.c. and the area 
of the internal surface was 55*10 sq. cm. 


Table I. 




N /cm. 2 





Nj cm. 2 



T° abs. 

p mm. 

X 10- 14 . 

6 . 

-A F. 

T° abs. 

p mm. 

X lo-w. 

0. 

-A F 



No. 1. 





No. 2. 



293*0 

16*90 

1052*0 

88*5 

20*6 

289*0 

13*25 

1387*0 

117*0 

— 

298*0 

22*73 

616*4 

51*8 

26*1 

293*0 

16-92 

1109*0 

93*2 

20*4 

302*0 

27*54 

267*2 

22*5 

52*2 

296*0 

20*46 

841*3 

78*0 

22*5 

305*0 

29*71 

119*5 

' 10*5 

110*4 

298*0 

22-80 

652*7 

56*1 

24*3 

308*0 

30*65 

70*3 

5*9 

194*8 

300*0 

25*27 

487*7 

41*0 

33*6 

311*0 

31*44 

32*8 

2*7 

282*2 

303*0 

28*96 

231*3 

20*0 

60*7 

314*0 

31*97 

16*4 

1*4 

374*1 

306*0 

30*82 

98*4 

8*3 

152*0 

317*0 

32*40 

7*03 

0*6 

468*2 

308*0 

31*47 

65*6 

5*5 

178*6 

320*0 

32*80 

— 

— 

— 

311*0 

32*26 

30*5 

2*5 

260*2 

323*0 

33*23 

— 

— 

— 

314*0 

32*91 

4*7 

0*4 

356*1 






317-0 

33*31 

— 

— 

— 






320*0 

33*83 

— 

— 

— 






323*0 

34*19 

— 

— 

—- 



No. 3. 





No. 4. 



293*0 

16*99 

1444*0 

121*0 

14*3 

298*0 

23*76 

2188*0 

184*0 

0*0 

298*0 

23*08 

986*6 

83*0 

17-1 

301*0 

27*85 

1638*0 

137*7 

10*7 

301-0 

26*90 

707-8 

59*5 

19*5 

304*0 

32*96 

1265*0 

106*0 

13*3 

304-0 

31*06 

407*7 

34*0 

49*1 

307*0 

37*85 

918*8 

77*2 

32*2 

307*0 

34*26 

185*1 

15*5 

92*7 

310*0 

43*07 

550*8 

46*3 

54*5 

310*0 

35*92 

86*7 

7*2 

165*7 

313*0 

47*02 

286*0 

24*0 

98*6 

313*0 

37*05 

25*8 

2*1 

248*5 

316*0 

48*70 

194*5 

16*3 

179*1 

316*0 

37*79 

— 

— 

— 

319*0 

51*55 

21*1 

1*4 

237*4 






322*0 

52*32 

— 

_ 







325*0 

53*11 

_ 


_ 






328*0 

53*75 

— 

— 

_ 


In Pig. 2 the values of T given in Table I are plotted as abscissse 
and the corresponding values of p as ordinates. The vapour- 
pressure curve for water is also given, plotted from the data of 
Scheel and Heuse (Ann. Phys. z 1910, 31, 715). 

At the higher temperatures the values of p are increasing linearly 
with increasing temperature. The mean value of the rate of increase 
per degree is 0*0037. This is sufficiently near the temperature 
coefficient of a perfect gas that water vapour at these concentrations 
may be considered to behave as such. Hence the mass of water 
present in the system may be calculated from the equation pv = 
nRT, where p is the pressure at some point on the linear portion 
of the experimental curve at the temperature T°; vis the volume 
of the system; n is the number of moles present; and R is the gas 
constant, which, if p is measured in mm., is equal to 6*244 x 



. of mercury 
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10 4 c.c.-mm. per degree. If any other point be chosen on the experi¬ 
mental curve, then the temperature and pressure will be T x and p v 
The number of moles of water in the gaseous phase can be calculated 
at the new temperature and pressure and is given by % = p 1 v/BT 1 . 

The number of moles adsorbed on the glass surface will be n — n v 
where n — n x = pvjBT — p-fvjRT^ 


Fig. 2. 
Glass-water. 



T° abs. 


The Avogadro number is 6*06 x 10 23 . The actual number of 
molecules adsorbed on the glass surface is (n — n x ) x 6'06 x 10 23 , 
or, if this number be denoted by IV, then 

JV = X 6-06 X10- 

Since v, the volume of the apparatus, and R are constant, 
N = (p/T - pJTj) x 1-292. x 10 20 . 

■ 3 It* » 
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The area of the inside surface of the glass tube can be calculated 
to 0*05 sq. cm* In this calculation, the area of the glass pointer 
must be included. The value obtained was 55*10 sq. cm. The 
number of molecules adsorbed per sq. cm. (N/e m. 2 ) is given by, 

NJ cm. 2 = (p/T-Px/T i) X 2-344 X 10 18 . 

The degree of accuracy of this calculation is fairly high. The 
temperature was read to 0-05°; the pressure to 0*01 mm.; the volume 
was calibrated to 0-005 c.e., and the area calculated to 0-05 sq. pm. 
If the equation giving N /cm. 2 be differentiated and these values 
be substituted for the corresponding differentials, the probable 
error in the calculation is 0*50%. 

If the diameter of the water molecule be taken as 2-9 X 10~ 8 cm* 
(compare Jeans, “ Dynamical Theory of Gases ”), the number of 
molecular layers in the adsorbed layer may be calculated. The 
only assumption made, other than that made in the determination 
of the diameter, is that each molecule in a monomolecular layer 
occupies a square area each side of which is equal in length to the 
molecular diameter. No assumption is necessary concerning the 
packing of one layer on another. The surface of the glass may be 
considered as a plane surface. The number of molecules in a single 
layer covering an area of 1 sq. cm. is l/d 2 , where d is the diameter 
of the molecule. 

The number of layers in an adsorbed film will be Nj cm. 2 4- l/d 2 . 
If this value be denoted by 0, then 

0 = {p/T —* pJTj) x 1972. 

Table I, column 3, gives the total number of molecules adsorbed 
per sq. cm. (N /cm. 2 ) at the temperatures T° for each curve in Kg. 2; 
Table I, column 4, gives the thickness, 0, of the film in molecular 
layers. In Table I, No. 4, the initial reading at 298° abs. is that 
of a film the equilibrium pressure of which is equal to that of water 
in hulk. Such a film is produced when 2188 x 10 14 molecules 
are adsorbed per sq. cm. 

The experimentally measured pressure on any curve in Fig. 2 
at any temperature is the equilibrium pressure between the film of 
water adsorbed on the glass surface and the water in the gaseous 
phase in the system. Taking as a standard state that of saturated 
water vapour at each temperature, it is possible to calculate from 
the experimental data the decrease of free energy, — AF, corre¬ 
sponding to the adsorbed film. These values of — AF are cal¬ 
culated from the well-known thermodynamic equation, — AF = 
BT log (p/Pi), where p is the vapour pressure of water at T°, p ± is the 
equilibrium pressure of the adsorbed film at the same temperature, 
and B is the gas constant in calories per degree. The values of 
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— A F in calories per mol. of water adsorbed are given, together 
with the corresponding temperatures and thicknesses of film, in 
Table I. 

The changes of free energy are shown graphically as a function 
of temperature in Fig. 3. It is evident from these curves that the 

Fig. 3. 



T° abs. 


free energy change accompanying the adsorption of water on glass 
is increasingly less for each new layer adsorbed; 

Further discussion of these results will be more fruitful after 
the results for the adsorption of water on platinum have been 
given* 

3 H* 2 
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The Adsorption of Water on a Platinum Surface. 

By a modification of the apparatus, as shown in Fig. 1, the 
adsorption of water from the gas phase on the surface of platinum 
was studied. The tube A, Fig. 1, is cut from the apparatus and a 
platinum tube, constructed to given internal dimensions, is sealed 
in its place. The volume is accurately determined before the tube 
is mounted in the apparatus. The inner surface of the platinum 
was polished, and. thoroughly cleaned with concentrated nitric 
acid. The cleaning was completed by repeated washing with 
distilled water. . The pointer F cannot be used in this experiment 
as the zero position at constant volume. 

By the following method constant volume and constant adsorp¬ 
tion surface of platinum were maintained. One terminal of an 
accumulator is connected to a voltmeter which is in turn in electrical 
connexion with the platinum tube, the other terminal of the accu¬ 
mulator is in electrical connexion with the mercury in the reservoir 
attached to D. When the mercury is lowered in D, the voltmeter 
does not register, but as soon as the mercury is raised until it touches 
the bottom end of the platinum tube the electrical circuit is completed 
and the voltmeter registers. By careful adjustment it is possible 
by this means to maintain a constant volume within the system. 

The method of admitting water vapour to the system is identical 
with that already described. During each increase of temperature 
in a series of measurements, the mercury in F is raised a short 
distance into the platinum tube so that the water vapour does not 
adsorb on the glass surface of the tube F. When equilibrium has 
been established at the higher temperature, the mercury is carefully 
adjusted to the zero position and the pressure read as before. The 
methods of measuring the amounts of water adsorbed from the 
gas phase, and the calculations from the pressures measured, are 
in every ease similar to those already described and need not be 
set out m detail here. The equation giving the free energy change 
is that already employed. The dimensions of the platinum tube 
are different from those of the glass tube, the volume being 5*317 c.c. 
and the area of the internal surface 15*36 sq. cm. The introduction 
of these values into the other equations alters the value of the 
constants as given below. 

The measurements of pressure and the values of N/ cm. 2 , 6, and 
— AF at the corresponding temperatures are given in columns 2, 
3, 4, and 5 respectively in Table II. 

N Jem* = lp/T - pJTf) x 3*359 x 10 18 . 0 = ip/T-pJTf) x 2824. 

The adsorbed film of water on a platinum surface the equilibrium 
pressure of which is equal to the vapour pressure of water is produced 
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T° abs. 

p mm. 

N /cm. 2 
, X 10~ 14 . 

e. 

Table II. 

~i\F. T° abs. 

p mm 

N/ cm. 2 
. X 10“ 14 . Q. 

-A F. 

293*5 

18*01 

No. 1. 
265*3 

22*3 

0*0 

296*0 

21*07 

No. 2. 
278*8 

23*4 

0*0 

294*0 

18*46 

218*3 

18*4 

6*06 

296*5 

21*40 

248*5 

20*9 

8-0 

295*0 

19*10 

151*2 

12*7 

22*0 

297*0 

21*88 

194*8 

16-3 

13-0 

296*0 

19*83 

77*3 

6*5 

35*5 

298*0 

22*71 

110-8 

9*3 

26-7 

297*0 

20*32 

30*2 

2*5 

57*0 

299*0 

23*17 

67-2 

5*6 

50*5 

298*0 

20*61 

3*36 

0*28 

84*1 

300*0 

23*50 

40*3 

3-3 

77*1 

299*0 

20*73 

-— 

— 

— 

301*0 

23*71 

16-8 

1*4 

107-1 

301*0 

20*88 

— 

— 

— 

303*0 

24*10 

_ 

_ 


303*0 

21*12 

— 

— 

— 

306*0 

24*44 

_ 

_ 

_ 

306*0 

21*42 

— 

— 

__ 

309*0 

24*76 

_ 

_ 

__ 

309*0 

21*68 

— 

— 

— 

312*0 

25*09 

— 

— 

— 

296*5 

21-70 

No. 3. 
315*7 

26*5 

0-0 

298*0 

23*76 

No. 4. 
309*0 

26*0 

0-0 

297*0 

22*24 

258*6 

21*7 

3*53 

299*0 

24-79 

181*4 

15*2 

8*6 

298*0 

23*10 

164*6 

13*8 

16*6 

300*0 

25*46 

117*5 

9*9 

29*5 

299*0 

23*70 

114*2 

9*6 

36*9 

302*0 

26*29 

43*66 

3-6 

80*3 

300*0 

24*20 

67*2 

5*6 

59*6 

303*0 

26*43 

36-94 

3-1 

112-0 

301*0 

24*57 

33*6 

2*8 

85*6 

306*0 

27*04 

_ 

_ 

_ 

303*0 

24*95 

10*07 

0*84 

146*8 

309*0 

27*43 

_ 

— 

_ 

306*0 

25*30 

— 

— 

— 

312*0 

27*93 

_ 

_ 

_ 

309*0 

312*0 

299*0 

25*79 

26*10 

25*21 

No. 5. 
285*5 

24*0 

0*0 

300*0 

26*74 

No. 6. 
325-8 

26-4 

0*0 

300*0 

26*13 

191*5 

16*1 

13*8 

301*0 

27*75 

225*1 

18*9 

12*8 

301*0 

26*84 

120*9 

10*2 

32*8 

302*0 

28*89 

107*5 

9*0 

23-5 

302*0 

27*26 

97*4 

8-1 

58*5 

303*0 

29*74 

23*5 

1*9 

40*7 

303*0 

27*66 

50-38 

4*2 

84*7 

304*0 

30*10 

— 

— 

■ . 

306*0 

28*20 

23*51 

1*9 

177-6 

306*0 

30*27 

— 

■ — 

_' 

309*0 

28*68 

— 

— 

' — 

309*0 

30*80 

— 

— 

_ 

312*0 

28*99 

— 

— 

— 

312*0 

31*29 

— 

— 

— • 

301*0 

28*30 

No. 7. 
423*2 

35*6 

0*0 

302*5 

30*91 

No. 8. 
463*5 

38*9 

0*0 

302*0 

29*77 

272*1 

22*9 

5*5 

303*0 

31*50 

399*7 

33*6 

5*4 

303*0 

30*92 

154*5 

13*0 

17*3 

304*0 

32*93 

258*6 

21-7 

13*9 

304*0 

31*79 

70*5 

5*9 

35*2 

305*0 

34*10 

141-1 

11-8 

27*2 

305*0 

32*21 

36*94 

3*1 

75*9 

306*0 

34*92 

63-83 

5*3 

47*2 

306*0 

32*66 

— 

— 

— 1 

307*0 

35*31 

33*59 

2*8 

74*8 

308*0 

32*87 

— 

— 

— 

309*0 

35*86 

— 

— 

— 

311*0 

33*41 

— 

— 

— 

312*0 

36*38 


— 

— ■ 

314*0 

33-76 

— 

— 

— 

315*0 

36*88 

— 

— 

— 

317*0 

34-03 

— 

— 

— 

318*0 

37-43 

— 

— 

— 


according to varying temperatures when from 265*3 to 325*8 x 10 u 
molecules are adsorbed per sq. cm. The curves in Pig. 4 show the 
change in the equilibrium pressure of the film with varying thickness 
at constant temperature. The limiting pressure value of adsorption 
measurements at any one temperature is the normal vapour pressure 
of water at that temperature. Hence the highest pressure on? each 
isotherm is the vapour pressure of water at that temperature. It 
is evident from the shape of these isothermal curves that they will 
all cut the ordinate axis at a finite pressure. It follows that below 
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these pressures measurable adsorption of the type studied here 
does not occur. These pressures where the adsorption first begins 
cannot be measured directly, but the extrapolation of these curves 

Fig. 4. 


PlatinuTTir-water, 



e. 


would give this pressure. The value so obtained from the 298°- 
isotherm is 20*50 mm. The isotherms above 298° abs. will cut the 
pressure axis above this point. The extrapolation of the other 
curves is unwarranted. It is possible that a stable film of adsorbed 
water is present on the platinum surface whose equilibrium pressure 
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is too small to be measured by this means. If this is actually the 
case, the true value of the molecular thickness would be 6 + n, 
where n is the number of molecular layers in the stable film. How¬ 
ever, allowing for the possible existence of a stable film on the 
surface, we may still say that adsorption of the type studied here 
begins at a finite pressure. 

The adsorption on glass is much greater than on platinum. The 
free energy change accompanying adsorption on a glass surface 
is much greater than that on a platinum surface. 

The results given here are in good agreement with those of other 
investigators working at similar pressures and temperatures and 
with similar surfaces but by different methods. 

The best of these are probably those of Ihmori (be. cit .), who 
studied the adsorption of water on a plane Jena glass surface. 
He states the thickness of the adsorbed film on a glass surface to 
be from 0-3 to 4-0 X 10~ 6 cm. Our results show the film to be from 
0*0 to 5-3 x 10~ 6 cm. thick. His value for platinum is from 0*0 to 
1 % 2 x 10~ 6 cm., whilst ours is 0*0 to 1*13 X 10~ 6 cm. Other investi¬ 
gators, working with powdered substances or with glass wool, 
have obtained consistently higher values than these. These large 
adsorption values are due to the difficulties involved in calculating 
the surface of a finely-powdered substance and to capillary and 
sorption effects. As the adsorption measured here is a reversible 
equilibrium, it cannot be due to solid solution or chemical combina¬ 
tion. 

This work is being extended by one of us to other surfaces and 
vapours. 

Summary , 

(1) A new method has been devised for measuring the adsorption 
of vapours on solid surfaces. 

(2) The adsorption of water vapour on a glass and a platinum 
surface has been studied. 

(3) The number of molecules adsorbed per sq. cm. has been 
accurately determined and this value for an adsorbed film, the 
equilibrium pressure of which is equal to that of the vapour 
pressure of water, has been determined for glass and platinum 
surfaces. 

(4) The change in free energy accompanying adsorption of water 
from the gaseous phase on glass and platinum surfaces at various 
temperatures and different numbers of molecules per sq. cm. 
adsorbed has been calculated. 

(5) The magnitudes of the adsorption of water from the gaseous 
phase on glass and on platinum surfaces have been compared quali¬ 
tatively. ■ 
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(6) Experimental results show, in the case of water vapour on 
a platinum surface, that this type of adsorption begins at a finite 
pressure. 

The authors wish to express to Prof. F. 6. Doiman their appre¬ 
ciation of the interest he has taken in this research. 

The Sir W tt.t.tam Ramsay Laboratories of Physical and 
Inorganic Chemistry, 

University College, London. [Received, May 1st, 1925.] 


CCIX .—A New Method of Diagnosing Potential 
Optical Activity . Part I. The Optical Activity 
of Chlorohromomethanesulphonic Acid. 

By John Read and Ann Mortimer McMath. 

The difficulty of obtaining satisfactory experimental evidence 
of the actual or potential existence of optically active forms, 
corresponding with enantiomorphous modifications, of substances 
possessing fewer than three carbon atoms in the molecule is well 
known. Despite repeated attempts on the part of numerous 
investigators, the accounts of which have doubtlessly remained 
to a large extent unpublished, it was not until forty years after 
the promulgation of Le Bel and van 5 t Hoffs theory of the spatial 
molecular configuration of carbon compounds that incontrovertible 
proof was forthcoming of the capacity of substances of such simple 
molecular constitution to exist in optically active enantiomorphous 
modifications. Even yet, chloroiodomethanesulphonic acid, 
CHC1I*S0 3 H, resolved into optically active components by Pope 
and Read in 1914 (J., 105, 811), provides the sole example of the 
existence of a one carbon-atom molecule in optically active modifi¬ 
cations. Since failure to resolve such simple asymmetrically con¬ 
stituted substances had been hitherto ascribed to their ready 
raeemisation, the extraordinarily pronounced optical stability of 
the active forms of chloroiodomethanesulphonic acid (loc. ciL, 
p. 819) provided a striking and unexpected contrast to Swarts ? 
description of the presumed immediate raeemisation of fluoro- 
chlorobromoacetic acid when liberated from combination with 
strychn me (Butt. Acad. roy. Belg 1896, 31, 28; “M&noires 
couronnes, 1896, 54), and Porcher’s account of the fleeting activity 
of chlorosulphoacetic acid {Bull. Soc . chim., 1903, 27, 438). 

Many seeming anomalies remained after the optical resolution 
of chloroiodomethanesulphonic acid, one of the most striking being 
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the lack of success to resolve chlorobromomethanesulphonic acid 
(compare Pope and Read, J., 1908, 93, 797). This substance 
bears the closest conceivable constitutional relationship to chloro- 
iodomethanesulphonic acid, and also, as described below, forms a 
brucine salt distinguished by an almost identical sparing solubility. 
Nevertheless, repeated attempts to prepare optically active speci¬ 
mens of the bromo-acid or its salts by fractional precipitation with 
brucine, according to the method applied successfully to the iodo- 
acid, resulted in failure. In seeking a reason for this apparent 
anomaly, it appeared very improbable, in the light of the observ¬ 
ations recorded for the iodo-acid, that any explanation could be 
based upon extreme facility of racemisation; but before exploring 
other lines of inquiry it was felt advisable to submit this possibility 
to more stringent tests than have been as yet applied in investig¬ 
ations of the kind. In further experiments with brucine and 
strychnine, the possible racemising action of heat and alkaline 
reagents was avoided as far as possible by producing the alkaloidal 
salts from aqueous solutions at the ordinary temperature and 
decomposing the various fractions with the minimum amount of 
cold dilute ammonia; no resolution, however, could be established 
in this way.* 

In view of the possible catalytic racemising action of water 
upon a presumed highly mobile asymmetric system, attempts were 
next made to carry out the processes as completely as possible in 
organic solvents. The very sparing solubility of the brucine salt 
appeared unfavourable for such a purpose, and eventually hydroxy- 
hydrindamine was selected as a base likely to yield a salt capable 
of ready fractional crystallisation from a suitable series of organic 
solvents (Pope and Read, J., 1912, 101, 760). Preliminary experi¬ 
ments showed that no resolution could be accomplished by using 
this base in aqueous solution. The salt prepared by mixing equiva¬ 
lent amounts of the free acid and Z-hydroxyhydrindamine in presence 
of acetone containing traces of water crystallised without difficulty, 
and exhibited two widely distinct kinds of crystals at the first 
recrystallisation from this solvent: a preliminary separation of 
compact, glistening plates was succeeded in the supernatant mother- 
liquor by a radiating mass of long, silky needles; and upon carrying 
out a lengthy fractional crystallisation these two forms recurred, 

* These experiments, carried out at intervals over a long period but 
hitherto unpublished owing to the inconclusive results, were completed 
prior to the publication of the recent paper by Backer and Burgers (this 
vol., p. 233) describing the successful adoption of very similar precautions 
in the apparently partial optical resolution of chlorosulphoacetic acid. The 
chlorobromomethanesulphonic acid used in the preliminary work was kindly 
made available several years ago by Sir William Pope. 
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any particular fraction consisting as a rule of one type only. The 
plates, when carefully recrystallised from acetone, separated in 
magnificent and highly lustrous crystals of tabular habit; whilst 
the needles maintained their characteristics when recrystallised 
from glacial acetic acid : the description below indicates their 
widely different morphological characteristics. Further examin¬ 
ation disclosed the remarkable fact that the needles when re- 
crystallised from acetone of ordinary purity separated mainly in 
the tabular form, whilst the plates when recrystallised from glacial 
acetic acid yielded nothing but needles; moreover, both kinds of 
crystals decomposed at practically the same temperature (187°), * 
although the tabular form exhibited a preliminary change in 
appearance well below this point (160°). The relationship would 
therefore be ascribed in the ordinary way to the occurrence of 
dimorphism ; and, indeed, the general appearance of the two 
kinds of crystals in the original separation was strongly reminiscent 
of the dimorphic forms of p-bromoacetanilide, as pictured by 
Chattaway and Lambert (J., 1915,107,1766). Upon fuller examin¬ 
ation, however, the plates and needles, although both giving a 
molecular rotatory power in dilute aqueous solution equivalent 
to that of the basic ion, were found to display widely different 
rotatory powers in organic solvents. Further, the plates, which 
gave the higher numerical values, exhibited marked downward 
mutarotation * in these solvents, the final value being in each 
case practically identical with the value observed for the needles 
in the same solvent. No mutarotation was evident in aqueous 
solution. Of all the organic solvents available, the plates gave 
the highest numerical values in pure dry acetone ; moreover, the 
needles, which otherwise displayed little tendency towards muta¬ 
rotation, showed a rapid upward change in this solvent until the 
attainment of the final value given by the plates in the same solvent. 
In all instances, the crystalline residues obtained by ordinary 
evaporation of the above solutions on the water-bath gave the 
rotatory powers characteristic of the needles, when redissolved 
in the various solvents indicated. 

After further investigations, described below, these results were 
interpreted by assuming that the plates and needles represent 
salts of Z-hydroxyhydrindamine with Z- and <ZZ-chlorobromomethane- 
sulphonie acid, respectively. The main measurements of mole¬ 
cular rotatory power may now he summarised in the following 

* Bor the sake of brevity the term “ mutarotation ” is used throughout 
this paper to denote the observed progressive changes in rotatory power, 
although possibly it would be preferable to use a distinctive word for changes 
of the special nature here concerned. 
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table, in which the above salts are designated by the respective 
symbols IBIA and IBdlA : 


Salt IBIA. 
Original Pinal 


Solvent. 
Methyl alcohol 

(absolute). 

Ethyl alcohol 

(99*5%) . 

Acetone (pure 
anhydrous) ... 
Glacial acetic 

acid .. 

Water . 


Af[a] D . 

M [ a \. 

—180° 

-71° 

—180 

-90 

—256 

-187 

-184 

-66 

-60 

-60 


Salt IBdlA. 


Original 

Final 


Ml a] D . 

1 

<1 

1 

o 

-71° 

-75 

-83 

-71 

-187 

-59 

-59 

-60 

-60 


Calculated M[a] : 
for 


IA. 

IBdA. 

-109° 

+ 38° 

-105 

4-30 

-185 

4-114 

-125 

4- 66 


The values in water are practically coincident with the value 
±60-5° recorded for the basic ion in dilute aqueous solution (J., 
1912, 101, 770). 

It has been observed that the active hydroxyhydrindamines, 
more particularly in combination with weak acids, exhibit muta- 
rotation in certain organic solvents (Zoc. cit., p. 759); but the 
slight changes recorded below for Z-hydroxyhydrindamine benzene- 
sulphonate and d-hydroxyhydrindamine acetate disclose no simil¬ 
arity to the very sharply defined changes now under discussion. 
Further, the quantitative relationships explained below and the 
fact that marked differences persist in new salts prepared from 
the two Z-hydroxyhydrindamine salts by displacement of the base 
do not permit of the mutarotation being referred to tautomeric 
change on the part either of the base or the acid. 

In order to account for the experimental observations described 
in this paper we revert to the original view that asymmetric carbon 
compounds of simple molecular constitution are as a rule exceed¬ 
ingly susceptible to racemisation, owing to the mobility of the 
groups attached to the asymmetric atom. Moreover, we now 
advance the new idea, as applied to such compounds, that facile 
racemisation involves the complementary possibility of equally 
facile optical stabilisation, or <e deracemisation,” under appropriate 
conditions. Thus, a very labile asymmetric molecule, when sub¬ 
mitted to a suitable asymmetric influence, will be transformed 
more or less completely into one of the two possible active modi¬ 
fications ; but when the asymmetric influence is removed, the 
form present in excess will undergo auto-racemisation. In the 
example under notice, the most effective asymmetric influence 
yet discovered is provided by optically active hydroxyhydrindamine 
in acetone solution: the Z-base transforms the dZ-acid largely to 
Z-acid, whilst the d-base transforms it in the same proportion to 
d-acid. An equilibrium is thus set up in the solution between 
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the diastereoisomeric salts IBIA and IBdA (or dBdA and dBlA), 
greatly to the advantage of the former. Upon dissolving the pnre 
solid salt, IBIA (or dBdA), in various other organic solvents, a 
more or less rapid racemisation of the active acid occurs, resulting 
as a rule in the complete, or almost complete, conversion of the 
salt IBIA (or dBdA) into the partially racemic salt IBdlA (or dBdlA); 
moreover, it has been shown that the racemisation is accelerated 
remarkably by the addition of small quantities of water to the 
solvent. Thus, in 99-5% ethyl alcohol the downward mutarotation 
extended over a period of 23 hours, whereas in 90% ethyl alcohol 
it was complete in 12 minutes. 

All the recorded observations were made at the ordinary tem¬ 
perature, and the only solvents submitted to special purification 
were methyl alcohol and acetone for use in making standard deter¬ 
minations of optical rotatory power. For purposes of recrystallis¬ 
ation, acetone of the purity necessary for ordinary analytical 
operations was used. More detailed observations, involving the 
use of carefully purified solvents at a constant temperature and a 
study of the effect of water and other catalysts, will be carried out 
in due course. 

The results recorded for solutions in 99*5% ethyl alcohol and 
glacial acetic acid suggest that even in these solvents a state of 
equilibrium is attained between the salts IBIA and IBdA , which 
does not correspond with the presence of equimolecular propor¬ 
tions of the two salts. Thus, in 99*5% ethyl alcohol, the value 
of -M[a] D for the pure salt IBIA declined from — 180° to — 90°, 
whilst the value for IBdlA rose from — 75° to — 83°. Accepting 
— 90° as the equilibrium value, and — 180° as the value for the 
pure salt IBIA, this observation corresponds with an optical equi¬ 
librium mixture composed of 57% of IBIA and 43% of IBdA, or 
14% of IBIA and 86% of IBdlA. The values observed in pure dry 
acetone solution leave no doubt as to the existence in this solvent 
of an equilibrium between the two diastereoisomeric salts, IBIA 
and IBdA, the former predominating considerably in amount. 
Equilibrium is attained in this solvent with great rapidity from 
either side. The salt IBIA showed a downward mutarotation from 
the original value Jf[a] D = — 256° until the attainment of the 
equilibrium value, lf[a] D = — 187°, in about an hour; on the other 
hand, the partially racemic salt, IBdlA , exhibited an upward 
mutarotation from the original value, M [a] D = — 71°, to the 
same equilibrium value. The upward change appeared to take 
slightly longer than the downward one, but more refined measure¬ 
ments will be needed to establish this point definitely. The curves 
in Fig. 2 illustrate the main trend of these and other changes. 
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It is thus clear that in acetone solutions of the concentrations 
examined, the diastereoisomeric salts, IBIA and IBdA (or dBdA 
and dBlA)> exist in dynamic equilibrium at the ordinary tem¬ 
perature in the proportion of about 81% of the former to 19% 
of the latter, and that by careful crystallisation the whole of the 
original dZ-acid may be obtained in the form IBIA (or dBdA). In 
effect, although not strictly in accordance with definition, this 
result is tantamount to a partial asymmetric synthesis with com¬ 
plete theoretical efficiency. The following schemes represent (i) the 
usual course of events in the optical resolution of an externally 
compensated acid by a Isevorotatory base, and (ii) the optical 
resolution of dZ-chlorobromomethanesulphonic acid by Z-hydroxy- 
hydrindamine in acetone solution, under the conditions indicated : 

(i) 21B + dAlA = IBIA + IBdA . 

50% 50% 

(ii) 21B + dAlA = IBIA IBdA. 

81% 19% 

No displacement in the equilibrium was observed on diluting the 
solution in pure acetone from about 0-6 to 0-15%. 

The progress of the separation of crystals of Z-hydroxyhydrind- 
amine Z-chlorobromomethanesulphonate from a solution in ordinary 
acetone of Z-hydroxyhydrindamine dZ-chlorobromomethanesulphon- 
ate was traced by a periodical examination, during the crystallis¬ 
ation, of the salt remaining in the mother-liquor : the results 
showed that, in accordance with anticipation, the mother-liquor 
contained a large excess of the salt IBIA throughout the process. 
The lowest value observed for the residual dissolved salt was 
— 122°, corresponding with a mixture of 64% of IBIA with 36% 
of IBdA) notwithstanding the presence of traces of water in the 
acetone. 

Owing to the insolubility of the salts in benzene, chloroform, 
etc., no observations have yet been practicable in non-miscible 
solvents. Neither of the salts exhibited any change in optical 
rotatory power when heated at 110° for 2 hours, but the salt IBIA 
showed a marked decline, indicative of partial racemisation, when 
kept at 160° for f hour. The tabular crystals of this salt lose 
their transparency when kept, but as yet no accompanying change 
in the rotatory power of the dissolved substance has been noticed* 

By subtracting the molecular rotatory power of the salt IBdlA 
from that of the salt IBIA, determined in the same solvent under 
precisely similar conditions, a value is obtained for the molecular 
rotation exerted by the acid part of the molecule of the second 
salt ; the values recorded in the fifth column of the above table 
were calculated in this way. The values given in the last column 
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for the salt IBdA have also been deduced algebraically from the 
values observed for the same two salts, listed respectively in the 
first and third columns. It is not desired to emphasise unduly 
the numerical significance of the values thus derived, nor to com¬ 
pare them in point of precision with ionic values; yet, in view of 
their common method of derivation, they afford an indication of 
the relative order of magnitude of corresponding molecular rotatory 
powers in different solvents. Moreover, results of great interest 
have been obtained by comparing the values for chlorobromo- 
methanesulphonic acid with values derived in a similar way for 
chloroiodomethanesulphonic acid. For this purpose, determin¬ 
ations of the molecular rotatory powers, hitherto unavailable, of 
d- and ?-hy<h'oxyhydrmdamine d-chloroiodomethanesulphonate were 
made in absolute methyl alcohol, glacial acetic acid, and acetone, 
in solutions having a concentration of about 1%. These two 
salts were prepared for the purpose from a specimen of barium 
d-chloroiodomethanesulphonate having Af[a] D — + 37*7° in 1% 
aqueous solution, and neither of the salts was purified by fractional 
crystallisation. No mutarotation was observed in any instance. 
The observed and derived values immediately concerned are 
tabulated below : 


Af[a] D of hydroxyhydrmdamine 
salt of 


Solvent. 
Methyl alcohol 
(absolute)...... 

Glacial acetic 

acid ... 

Acetone (pure) . 


Bromo-acid. 
IBIA. IBdlA . 

-180° —71° 

-184 -59 

-256 -71 


Iodo-acid. 
dBdA. IBdA. 

+ 122° -35° 

+ 118 -27 

+ 192 -42 


M[a\ derived 
for 

Bromo- Iodo- 
acid. acid. 

-109° +44° 

-125 +46 

-185 +75 


Thus, for both acids, the salts dAdB (or IAIB) yield the highest 
molecular rotatory power in acetone, whilst the values in methyl 
alcohol and acetic acid are considerably lower and practically 
identical in each instance for the two solvents. The ratio between 
the derived values of -3f[a]i> given in the last two columns is 2*5/1 
in methyl alcohol, 2*7 /I in acetic acid, and 2*5/I in acetone. Adopt¬ 
ing a mean ratio 2*6/1, the calculated molecular rotatory power of 
the ion of chlorobromomethanesulphonic acid in dilute aqueous 
solution would thus be = ±98°, based on the corresponding 
value observed for the ion of the iodo-acid, namely, Jf[a] D = 37*7°, 
noted above. 

Although chloroiodomethanesulphonic acid may not yet have 
been obtained optically pure, it is evident that a remarkable en¬ 
hancement of molecular rotatory power attends the substitution 
of bromine for iodine in this simple molecule, and it will be a matter 
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of considerable interest to trace the quantitative optical effect of 
similar substitutions by means of a further application of the 
method now indicated. 

The relationship just elucidated between the molecular rotatory 
powers of the hydroxyhydrindamine salts of these two acids appears 
even more striking when it is added that prior to making the above 
determinations of rotatory power for the salts of the iodo-acid we 
had failed to notice any downward mutarotation of Z-hydroxy- 
hydrindamine Z-chlorobromomethanesulphonate when dissolved in 
acetone of ordinary purity. The constant value iif[a] D = — 158°, 
originally observed, was thus assumed to represent the molecular 
rotatory power of the pure salt IBIA in acetone. This value, taken 
in conjunction with the original value observed in the same solvent 
for the salt IBdlA (— 93°), led to the derived value M[a] B = — 64° 
for IA , whereas the above ratio 2*6/1 indicated ikf[a] D = — 194°. 
It seemed likely, therefore, that the value for the pure salt IBIA 
was very much higher than M[ a]x> = — 158°, and that the latter 
value had been attained through a rapid downward mutarotation 
to a point of equilibrium prior to polarimetric examination. By 
using scrupulously purified acetone and making the first polari¬ 
metric observation within 3 minutes of the first contact of solid 
with solvent, we were eventually successful in obtaining an initial 
value of M [a] D = — 256° for this salt, and in detecting the antici¬ 
pated rapid fail to the equilibrium value; moreover, the initial 
value for the pure salt IBdlA was reduced in a similar way from 

— 93° to -—71°. The value of Jf[a] D for lA thereby became 

— 186°, in place of the value — 64° first deduced, and thus approxim¬ 
ated very closely to the anticipated value, — 194°. 

The optical effect of configuration (I) thus appears to be numeric¬ 
ally about 2*6 times as great as that of (II), and the high values 
observed in the present investigation also exhibit a notable contrast 
to the feeble optical activity recorded for 4-chloro-l-methylcycZo- 
hexyl-4-chlorobromoacetic acid and 4-chloro-l-methyl-4-chloro- 
bromomethylcycZohexane (Jf[a] D = 3° and 0*9°, respectively, in 
ethyl alcohol; see Perkin and Pope, J., 1911, 99, 1527), which 
may be derived theoretically from configuration (I) by replacing 
the simple group S 0 3 H by a large complex radical, R (III): 


Cl Cl • Cl 

H-O-SO 3 H H- 9 -SO 3 H H-y-R 

(i.) (ii.) (in.) 


It is suggested that the low molecular rotatory powers exhibited 
by configurations (II) and (III) may be due largely to a sterie 
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effect: comparing (I) and (II), the substitution of I for Br would 
leave less of the environment of the carbon atom available for 
H, Cl, and SO s H; whilst, comparing (I) and (III), the substitution 
of B. for S0 3 H would lead to a still more pronounced curtailment 
of the space available for H, Cl, and Br. It will be interesting 
to investigate this idea further by the examination of other asym¬ 
metric substances of analogous constitution. 

When separated from the optically active base, chlorobromo- 
methanesulphonic acid racemises with extreme ease. Although 
the asymmetric influence of the base enables a distinctive crystalline 
f}-naphthylamine salt to be isolated from Z-hydroxyhydrindamine 
Z-chlorobromomethanesulphonate, in admixture with (^naphthyl- 
amine dissolved in glacial acetic acid, the salt shows no optical 
activity immediately after solution in organic solvents, and when 
recovered from the solvent has undergone transformation into 
the p-naphthylamine salt deposited directly from a mixture of 
P-naphthylamine and Z-hydroxyhydrindamine dZ-chlorobromometh- 
anesulphonate in glacial acetic acid. 

Extremely interesting results were obtained by precipitating 
the various hydroxyhydrindamine salts by the addition of brucine 
acetate in acetone solution. The salt IBIA yielded a dextro¬ 
rotatory brucine salt which gave a maximum original value of 
[a]o = 4 * 6 * 8 ° in glacial acetic acid solution, changing rapidly 
to a maximum Isevorotation of [a] D = — 10*4°. The corresponding 
values for the brucine salt precipitated from the salt IBdlA were 
— 8*0° and — 11*2°, respectively. The dextrorotation of the 
brucine salt IBIA was also established in acetone solution. Since 
it transpired that salts of brucine with inactive acids of closely 
related constitution evinced no measurable optical activity when 
dissolved in glacial acetic acid under similar conditions, the optical 
effects noticed in the above determinations must be ascribed to 
the chlorohromomethanesulphonic acid. Two important points 
then emerge. In the first place, the brucine salts, like the hydroxy- 
hydrindamine salts, exhibit mutarotation, in this instance rising 
in a lsevo-sense in glacial acetic acid; so that, unlike Z-hydroxy- 
hydrindamine, brucine appears to stabilise a pronounced excess of 
the laevo-modification of the acid in glacial acetic acid solution. 
Secondly, the exchange of bases appears to be accompanied by 
optical inversion on the part of the acid. In the latter event, it 
was anticipated that ^-hydroxyhydrindamine d-chlorobromo- 
methanesulphonate, although containing the dextrorotatory acid, 
would fail to yield a dextrorotatory brucine salt. A further experi¬ 
ment confirmed this supposition, the first value observed for this 
brucine salt being j>] B = - 6*6°, rising in 90 minutes to a maxi- 
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mum value of — 10-0°. These curious phenomena of optical 
inversion, reminiscent in some ways of the Walden change, will be 
submitted to further investigation; but, in general, polarimetrie 
observations on the brucine salts are rendered difficult owing to 
their very sparing solubility, and consequent smaE optical rotation, 
even in glacial acetic acid. The apphcation of heat is necessary 
to effect solution, and in aE instances this process occasions muta- 
rotation towards zero, since the active brucine salts lose their 
rotatory power completely when heated on the water-bath in 
glacial acetic acid solution for 2 or 3 hours. In the course of the 
investigation of the brucine salts of chlorobromomethanesulphonic 
acid, evidence was obtained indicating that the salt of the inactive 
acid is the least soluble of the various salts or mixtures of salts 
possible : it would therefore be impracticable in any case to resolve 
the acid by fractional precipitation with this base. 

By using d-hydroxyhydrindamine the salts cLBdA and dBdlA 
were readily prepared in a simEar manner, and these were proved 
experimentaEy to be respectively enantiomorphous with the above- 
mentioned salts IBIA and IBdlA. By mixing equal weights of 
dBdA and IBdlA in absolute methyl alcohol, and thus annulling 
the optical rotation due to the basic portions of the molecules, it 
was possible to demonstrate a slowly fading optical activity on the 
part of the acid present. The first value observed, M[u ]& — + 49°, 
agrees weE with the calculated value, + 108°/2. Chlorobromo¬ 
methanesulphonic acid is thus the simplest substance which has 
yet been proved capable of exhibiting optical activity in the amor¬ 
phous condition. The activity vanished completely in 32 hours, 
the racemisation being much more rapid than in the case of the 
salt dBdA (or IBIA), in which a powerful restraint appears to be 
exerted on the ‘process by the fuE equivalent of d- (or 1-) base 
present. 

According to the views which have now found mention, the 
production of two whoEy racemic salts might be anticipated, one 
of which would separate on mixing either salt of the <3-base with 
either salt of the £-base in acetone, and the other of which would 
be deposited by crystallising a sim il ar mixture from glacial acetic 
acid. These expectations were realised, the first racemate, 
IBIA. dBdA, crystallising in glassy prisms, and the second, 
lBlA,lBdA . dBdA,dBlA, in short, ghstening needles. Morphologic- 
aEy, the racemates resemble the component salts very closely, but 
are more soluble and have lower melting points. 

Close paraEels to the results now brought forward are to be 
discerned in the work of McKenzie and Smith (J., 1923,123, 1962; 
1924, 125, 1582) on catalytic racemisation. These authors have 
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shown, for example, that l-menthyl cZ-pkenylchloroacetate, through 
the catalytic action of a drop of alcoholic alkali, passes into an 
equilibrium mixture containing a preponderating amount of 
Z-menthyl Z-phenylchloroacetate. They have also established (Ber., 
1925, 58, 894) the directing influence of an optically active terpene 
groupin converting a mixture of equal amounts of diastereoisomeric 
menthyl (or bomyl) esters quantitatively into a mixture of unequal 
amounts of the same esters; thus, the addition of a trace of alcoholic 
alkali to a mixture of equal quantities of Z-menthyl ^-phenylchloro- 
aeetate and Z-menthyl Z-phenylchloroacetate causes the latter ester 
to preponderate (57%) without any analytical separation having 
been effected. Similarly, in the present investigation it appears 
that water exerts a powerful catalytic action which in most solvents 
results in the final production of equal, or very nearly equal, amounts 
of the two diastereoisomeric salts, IBIA and IBdA (or dBdA and 
dBlA); in acetone solution, however, the equilibrium is displaced 
strongly in favour of the first salt, and the actual position of the 
equilibrium would appear to be influenced inter alia by the amount 
of water present. It seems likely that in all instances the asym¬ 
metric directing influence of the optically active hydroxyhydrind- 
amine becomes operative through the interposition of a catalytic 
agent, which may well prove to be water, even in the carefully 
dried acetone used in making the more refined observations recorded 
herewith. 

An example of the general principle we now outline for simple 
asymmetric carbon compounds is provided in the case of the asym¬ 
metric tin atom by the well-known investigations of Pope and 
Peachey on methylethylpropylstannonium d- camphorsulphonate 
and d-bromoeamphorsulphonate : evaporation of aqueous solutions 
of these salts led in each instance to the deposition of the single 
substance, dBdA , owing to progressive racemisation of the salt 
remaining in the mother-liquor (P., 1900, 16, 42, 116; compare 
also sMills and Bain, J., 1910, 97, 1866). In the case of the active 
salts IMA and dBdA now under consideration, a partly racemic 
salt of the type Z(or d)BdlA was usually left upon evaporating 
solutions in acetone containing a little water, although under 
certain conditions an excess of the original salt was found in the 
residue. The deposited salts of the tin compound were, however, 
characterised by sparing solubility, whereas with the hydroxy- 
hydrin damin e chlorobromomethanesulphonates no deposition occurs 
from warm acetone containing small amounts of water until most 
of the solvent has volatilised. No evidence has been adduced of 
the stabilisation of an excess of one form of the optically active 
stannonium compound in solution, the mother-liquor of the salt 



DIAGNOSING POTENTIAL OPTICAL ACTIVITY. PART I. 1583 


cLBdA being apparently a solution of the partial racemate dlBdA ; 
the solvent concerned in this instance, however, is water, which 
instantly racemises d- or Z-chlorobromomethanesulphonic acid, 
even when combined with optically active hydroxyhydrindamine. 

The conception of extreme mobility of the simple atoms or 
groups attached to an isolated carbon atom also accords with 
Le Bel’s hypothesis of a similar mobility of groups in asymmetric 
quinquevalent nitrogen compounds of simple molecular consti¬ 
tution, and with the observations of A. Werner and others on 
the ready racemisation of asymmetric assemblages associated with 
isolated atoms of cobalt, chromium, etc. Further, it affords an 
explanation of the difficulties experienced in preparing optically 
active substances containing fewer than three carbon atoms in 
the molecule, and is in agreement with the fugitive optical activity 
in aqueous solution of chlorosulphoacetie acid and its salts, 
indicated by Porcher (loc. tit.) and recently demonstrated by 
Backer and Burgers (this vol, p. 233). Incidentally, the sugges¬ 
tion that the variations in rotatory power shown by different 
fractions of the normal d-hydroxyhydrindamine salt of this acid 
indicated its partial resolution is also upheld (Pope and Bead, 
J., 1914, 105, 814). We anticipate that asymmetric compounds 
containing two carbon atoms in the molecule will also display 
phenomena of the kind now described, and thus lend themselves 
to preparation for the first time in optically pure combinations 
by treatment with optically active bases in organic solvents. 
Through a systematic application of the method to asymmetric 
compound* of simple molecular constitution, it is hoped to gather 
much new information respecting the comparative mobility of 
groups in systems of the kind. 

It seems worthy of note that in the case of the optically active 
tin derivatives prepared by Pope and Peachey, the two dextro¬ 
rotatory acids employed each imposed a dextrorotatory orientation 
upon the asymmetric complex involved. Similarly, in the present 
investigation, dextrorotatory hydroxyhydrindamine gives rise to 
dextrorotatory chlorobromomethanesulphonic acid, whilst Isevo- 
rotatory hydroxyhydrindamine and Isevorotatory brucine each 
favour a lsevorotatory configuration of the associated asymmetric 
system. It will be interesting to ascertain whether any general¬ 
isation is possible on this basis, especially in view of the fact, to 
which attention may be directed, that in the closely related process 
of partial asymmetric synthesis the optically active product exhibits 
in the great majority of instances the same sense of rotation as 
the directive asymmetric system. Thus, Z-brucine hydrogen methyl- 
ethylmalonate yields an excess of the Z-valerate when heated 
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(Marckwald, Ber., 1904, 37, 349); Z-menthyl benzoylformate upon 
reduction gives an excess of the Z-mandelate, and upon treatment 
with magnesium methyl iodide an excess of Z-phenylmethylgly- 
eollate; whilst from Z-menthyl pyruvate a laevorotatory lactic acid 
may be prepared by reduction; moreover, the Z-bornyl group 
sometimes exerts a less pronounced asymmetric influence than 
the more highly lsevorotatory Z-menthyl group (McKenzie, J., 
1904, 85, 1249; 1905, 87, 1373; 1906, 89, 365 and 688). The 
results now described afford a very definite indication of the pro¬ 
found influence which may be exerted by an optically active nucleus 
upon an associated potentially active system, and provide a close 
parallel to the quantitative partial asymmetric syntheses which 
appear to occur in nature. Moreover, in our opinion, substances 
possessing the readily controlled asymmetric mobility evinced by 
chlorobromomethanesulphonic acid are much more likely to be 
amenable to processes of complete asymmetric synthesis, accom¬ 
plished in the absence of optically active material, than any asym¬ 
metric substances yet investigated with this object in view. We 
propose to submit this new idea to practical tests at a later stage 
in these investigations. 

The enormous difference in optical stability between ehloro- 
bromomethanesulphonic acid and chloroiodomethanesulphonic acid 
could not have been predicted, and is difficult to explain. In 
both instances the great resistance offered to alkaline hydrolysis 
is worthy of remark. The distinction may possibly be determined 
to some degree by the greater atomic volume, lower mobility, and 
less active chemical nature of iodine as compared with bromine. 
Possibly also the different affinity value, evidenced by the form¬ 
ation of such derivatives as Ph*ICL 2; has a bearing upon the matter. 
It is hoped to gather further evidence by an examination of the 
remaining dihalogenomethanesulphonic acids and various closely 
related substances. 

In eontmuing this series of investigations, we reserve the applic¬ 
ation of the method described not only to compounds of the simple 
molecular constitution indicated above, but also to other types of 
organic derivatives which may be conceived to possess potential 
optical activity associated with high mobility of the asymmetric 
system and therefore unrecognisable by any of the methods hitherto 
utilised. The exceedingly delicate diagnostic method we now 
describe may well lead to the discovery of optical activity on the 
part of organic types which, like chlorobromomethanesulphonic 
acid, have as yet resisted all attempts at optical resolution. 
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Expeeimental. 

Preparation of dl-Chlorobromomethanesulphonic Acid .—The crude 
barium salt was prepared in the manner described by Andreasch 
(Monatsh., 1887, 7, 159), by heating barium chlorosulphoacetate 
to 120—130° in a sealed tube for several hours with bromine (1 mol.) 
and a little water. Chloromethanesulphonic acid and other im¬ 
purities were eliminated by taking advantage of the sparing solu¬ 
bility of brucine chlorobromomethanesulphonate. To a warm 
aqueous solution of the recrystallised barium salt was added a 
similar solution containing one-third the calculated quantity of 
brucine acetate or brucine hydrochloride. For an amount of salt 
corresponding to 30 g. of the acid a total volume of about 500 c.c. 
was found suitable. After keeping for several hours the crystalline 
separation of brucine salt was collected and washed well with 
cold water, whilst the filtrate was treated in a similar way with a 
like amount of brucine. Both separations consisted of pure brucine 
chlorobromomethanesulphonate; practically two-thirds of the 
original acid was obtained in this form, the remaining one-third 
being rejected. The brucine salt forms minute, glistening needles, 
which decompose at 275°. It is practically insoluble in all the 
ordinary solvents, the most favourable being boiling glacial acetic 
acid (Found: C, 47*6; H, 4-3. C 24 H o8 0 7 ]Sr 2 ClBrS requires C, 47*7; 
H, 4-6%). 

For purposes of further work the brucine salt was mixed with 
cold water and shaken with an excess of dilute ammonia, the 
brucine being extracted with chloroform; evaporation of the 
aqueous liquid furnished the pure ammonium salt. No optical 
activity could be established with specimens of the salt prepared 
in this way. The ammonium salt is freely soluble in water or 
alcohol and sparingly soluble in warm acetone. It is best crystallised 
from hot glacial acetic acid, in which it is moderately soluble; it 
forms glistening plates, m, p. 205° (decomp.) (Found: NH 3 , 7-6, 
7-7. CH 5 0 3 NClBrS requires NH 3 , 7-5%). When the salt was 
heated under reflux for 2 hours with an excess of 10% aqueous 
sodium hydroxide solution, hydrolysis occurred to a slight extent 
only, the proportion of halogen removed being less than 2% of 
the total amount present. 

Treatment of dl -Chlorobromomethanesulphonic Acid with 1-Hydroxy- 
hydrindamine in Acetone Solution .—An aqueous solution containing 
14*7 g. of pure dl- chlorobromomethanesulphonic acid was evapor¬ 
ated as completely as possible on the water-bath in an open dish. 
Upon covering the partly crystalline mass with acetone (15 c.c.) 
and stirring in solid ?-hydroxyhydrindamine (10-4 g.; 1 mol.), a 
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thick homogeneous liquid was produced, and when the stirring 
was continued for a short time on the water-bath the whole mass 
suddenly crystallised. The slightly brown, crystalline mass weighed 
25*1 g. when dry. It was very soluble in water, ethyl alcohol, or 
methyl alcohol, moderately soluble in boiling acetone, sparingly 
soluble in ethyl acetate, and practically insoluble in ether, benzene, 
chloroform, light petroleum, etc. 

A solution of the dry product in boiling acetone erf ordinary 
purity (about 275 c.c.) and a small quantity of methyl alcohol 
was filtered and allowed to crystallise. The crystalline separation 
which accrued overnight (11 g.) consisted mainly of large, well- 
defined, glistening plates, but the upper part of the mother-liquor 
was filled with long, radiating needles. The latter dissolved readily 
when the fraction was separated and warmed with acetone; the 
undissolved residue (54 g.) was composed entirely of plates, which 
when freshly dissolved in cold methyl alcohol to form a 2*5% 
solution gave [a] B = — 48*2°, whence -M[a] 0 = — 173°, calculated 
for hydroxyhydrindamine chlorobromomethanesulphonate. The 
combined mother-liquors were concentrated, and the ensuing 
crystalline separation was subjected to a prolonged systematic 
fractional crystallisation from hot acetone, to which a little methyl 
alcohol was added when necessary. As a result, two distinct 
kinds of fractions were obtained, one consisting of plates and the 
other of needles. The plates predominated in the earlier fractions, 
although occasionally these yielded needles. Mother-liquors which 
had been repeatedly concentrated yielded needles more frequently 
than plates, especially when it was found necessary to accelerate 
the deposition of crystals by the addition of ether. The bulk of 
the material from the fractionation was obtained in the form of 
plates, although of seventeen fractions eight consisted wholly of 
places and seven wholly of needles. The two kinds of crystals 
showed little distinction in melting point, but possessed char¬ 
acteristic optical rotatory powers when dissolved in organic solvents. 
Qrdinary methyl alcohol was used as solvent in all the preliminary 
the following typical result may be quoted 
for the plates: 0*2573 g., dissolved in methyl alcohol and made 
up to 2(H) c.c. at the ordinary temperature, gave a D s= — l-24 a 
when examined at once in a 2-dem. tube, whence [aj^ 48*2°, 
and = — 173°, calculated for hydroxyhydrindamine chloro- 

bromomethanesulphonate. Other determinations of -M[a] D re¬ 
corded for similar fractions were — 176°, — 172°, — 173°, and 
— 172°, In the case of a typical fraction composed of needles, 
0*2550 g. when dissolved and examined under similar conditions 
gave oci>= - 0*51°, whence [<xj>= - 20*0°, and Af[a] D = - 72°. 
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Of the results yielded by other fractions of the same kind, the 
following may be quoted as representative: ikf[oc] D = — 72°, 

— 73°, — 72°, and — 73°. Of the seventeen fractions examined, 
only two gave intermediate values, namely, if[oc] 0 = — 119° and 

— 92°, respectively : both these fractions were obtained by evapor¬ 
ating the solvent to dryness on the water-bath and inoculating the 
warm liquid mass with a crystal of the higher rotatory power. 
The final mother-liquor was dark in colour, and upon evaporation 
yielded a dark and somewhat tarry residue. By conversion to 
brucine salt and subsequent careful treatment with cold dilute 
ammonia, a somewhat brown specimen (1 g.) of ammonium ehloro- 
bromomethanesulphonate was prepared from the final residue; 
this was optically inactive in 3-5% aqueous solution when examined 
polarimetricaJly in a 2-dcm. tube in sodium light. 

For the reasons stated above, the plates and needles were regarded 
as the Z-hydroxyhydrindamine salts of Z-chlorobromomethanesul- 
phonic acid and dZ-chlorobromomethanesulphonic acid, respectively. 

1 -Hydroxyhydrindamine l-Chlorobromomethanesulphonate } 
C 9 H n 0JSr*CHaBr-S0 3 H.— 

The various fractions of this salt obtained in the course of the 
fractional crystallisation were mixed and recrystallised from warm 
acetone containing a small quantity of methyl alcohol. No differ¬ 
ence was apparent in the properties of the substance after this 
treatment. Under the proper conditions the salt crystallises with 
remarkable facility and may be readily obtained in lustrous, tabular 
crystals, measuring up to 1 cm. in length. Through the courtesy 
of Mr. T. V. Barker, the following crystallographic description 
and goniometric characterisation of the substance have been kindly 
furnished by Miss Marie Bentivoglio, of the Department of Miner¬ 
alogy, University of Oxford, to whom we express our grateful 
thanks: 

‘ f Z-Hydroxyhydxindamine Z-chlorobromomethanesuIphonate forms 
colourless crystals which become opaque when kept for a few 
weeks. The habit is tabular, parallel to a (100); sometimes two 
q (Oil) faces are large and two prisms suppressed, so that the 
crystal appears polar. 

“ The crystals belong to the monoclinic system, and the elements 
are a : b : c = 1*3246 :1: 1*0780; p = 114° 19'. 

“ The forms present are a, p 3 c, r, q (Fig. 1), and these have 
the following values : 

p (110). c(G01). q (Oil). > (101). 

*39° 38' 90*0' 23° 07' 90° 0' 

90 0 *24 IS *49 27 #7 > 

<e Refractive index * 1-50.'* 1 


<p., 


a (100). 
... 90° 0' 
... 90 0 
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Z-Hydroxyhydrindamine l -chlor obr omomethanesulphonate dis¬ 
solves freely in water, or in methyl or ethyl alcohol at the ordinary 
temperature; it also dissolves readily in glacial acetic acid, and 
is moderately soluble in boiling acetone. It is very slightly soluble 
in hot ethyl acetate, but is practically undissolved by chloroform, 
benzene, ether, or light petroleum. It can only be recrystallised 
with certainty from warm acetone, to which the addition of a little 
methyl alcohol is permissible; as the solvent cools, the salt separ¬ 
ates rapidly in the characteristic form, the initial deposition being 
facilitated in the case of a sterile solution by inoculation. When 
the acetone mother-liquors are allowed to evaporate to dryness 
in an open space at the ordinary temperature, the final separation 
usually consists mainly of needles of the partly racemic salt. In 

order to ascertain the relative stability of 
the two salts in contact with a saturated 
solution in ordinary purified acetone, a 
mother-liquor containing both plates and 
needles was kept in a desiccator, and after 
3 days the needles had completely dis¬ 
appeared, whilst the plates had grown 
and maintained their lustre. Z-Hydroxy- 
hydrindamine Z-chlorobromomethanesul- 
phonate has a tendency to form super¬ 
saturated solutions, from which crystal¬ 
lisation takes place easily upon inoculation. 
Strong saturated solutions in warm methyl 
alcohol of ordinary purity redeposit the 
\- < ^mbwmo^kane- salt of the Z-acid if cooled rapidly, but 
otherwise nothing but the partially racemic 
salt can be obtained from such solutions. In warm glacial acetic 
add the salt of the Z-acid is more readily soluble than the partially 
racemic salt, and a rapid and apparently complete conversion of 
the first-named salt to the second occurs in this solvent. When 
heated in a capillary tube, powdered Z-hydroxyhydrindamine 
Z-chlorobromomethanesulphonate loses its opacity at about 160° 
and decomposes at about 183° (Found:* C, 33*8; H, 3*5. 
CioHjgO^NCLBrS requires C, 33*5; H, 3*6%). 

The optical rotatory powers of freshly made solutions of Z-hydroxy- 
hydrindamine Z-chlorobromomethanesulphonate in the solvents 
utilised in the course of this investigation are summarised in the 
following table. The solutions were prepared as quickly as practic¬ 
able^ and heating was avoided if possible. With glacial acetic 
acid, and also with acetone at the higher concentration noted, it 
was found necessary, however, to warm the solvent on the water - 


Pig. 1. 
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bath in order to effect solution. The interval which elapsed between 
the first contact with the solvent and the initial polarimetric observ¬ 
ation was therefore appreciably longer in these two instances than 
in the others. The absolute methyl alcohol was dehydrated by 
means of metallic magnesium in presence of a trace of iodine (com¬ 
pare jB er., 1923, 56, 894). The “ absolute ” ethyl alcohol used 
contained about 0*5% of water. The acetone used for the original 
determination was of the purity required for ordinary analytical 
operations; but for the more dilute solutions very pure acetone 
was employed, which had been liberated from the sodium bisulphite 
compound and carefully dried and redistilled. The last-named 
solutions were prepared as rapidly as possible by shaking the 
finely powdered salt with the solvent at the ordinary temperature. 


Approximate weight 


(g.) of salt in Time 

Solvent. 20*0 c.c, (minutes). [a] D . Jlffa],,. 

Methyl alcohol 

(ordinary) . 0-25 5 — 48*6° —174° 

Methyl alcohol 

(absolute). 0-25 5 -50-0 -180 

Ethyl alcohol 

(99-5%) . 0;25 5 -50-0 -180 

Acetone (ordinary) 0*25 (warmed) 30 —43'9 —158 

Acetone (pure 

anhydrous) . 0*10 20 —52-0 —187 

Acetone (pure 

anhydrous) . 0-05 10 —60*1 —216 

Acetone (pure 

anhydrous) . 0-025 3 —71*4 —256 

Glacial acetic acid 0*25 (warmed) 10 —51*2 —184 

Water . 0*25 5 -16*9 - 60 


AH the solutions except those in water and acetone of ordinary 
analytical purity, which maintained their initial rotatory powers, 
exhibited marked downward mutarotation when kept at the ordinary 
temperature. The following typical series of values, selected from 
a mass of similar data, are sufficient to indicate the course of the 
changes. In methyl alcohol of ordinary purity, the initial mole¬ 
cular rotatory power of —174° declined to — 115° in 14 hours, 
to — 97° in 24 hours, and reached a constant value of — 71° in 
60 hours [Mg. 2 (&)]« In absolute methyl alcohol, the original 
value of —* 180° fell to — 126° in 48 hours, — 102° in 70 hours, 

— 95° in 94 hours, — 86° in 146 hours, —* 83° in 170 hours, and 
reached a constant value of — 71° in 220 hours [Fig. 2 {#)]. In 
absolute ethyl alcohol, the original value of — 180° declined to 

— 96° in 15 hours, and attained a final value of —- 90° in 23 hours. 
In glacial acetic acid, the original value of — 184° fell to — 96° 
in 17 hours, and reached a constant value of — 66° in 35 hours. 

vol. exxvn. 
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Of these solvents, by far the slowest change thus occurred in abso¬ 
lute methyl alcohol. No mutarotation was apparent in a solution 
prepared by dissolving about 0*25 g. of the salt in warm acetone 
of ordinary purity, a constant value of M\_ a]© = —-158° being 
obtained. More dilute solutions prepared rapidly at the ordinary 
temperature in pure anhydrous acetone exhibited a strikingly 
rapid downward mutarotation to a constant value of M[ a]u = 
— 187° [Fig. 2(c)]. The most dilute solution indicated in the 
above table gave Jf [cc] D = — 256° after 3 minutes, s inkin g to 


Fig. 2. 



Mutarotation of 1 -hydroxyhydrindamine chlo rob romo methanemlphonates : 
(a) 1B1A in absolute methyl alcohol , (b) 1B1A in ordinary methyl alcohol, (c) 1B1A 
in pure acetone , (d) IBdlA in pure acetone . 


— 198° in 35 minutes, and reaching the equilibrium value, — 187°, 
in somewhat less than an hour; whilst the solution of twice this 
concentration gave M[ a] D = — 216° 10 minu tes after the first 
contact with the solvent, and — 188° after 45 minutes. 

Upon removing the volatile solvents on the water-bath at any 
stage during the change, without attempting to exclude traces of 
water, the residue was found to consist wholly of the partly racemic 
salt, with a molecular rotatory power of about — 72° in ordinary 
methyl alcohol. In one instance, a residue obtained in this way 
from methyl alcohol was induced to crystallise on the water-bath 
by inoculation with a trace of the tabular form of crystal: the 
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molecular rotatory power of the residue thereby rose to — 87°. 
The striking difference in the velocity of mutarotation exhibited 
by solutions in ordinary and carefully dried methyl alcohol led to 
an investigation of the effect upon the process of adding small 
quantities of water to ethyl alcohol used as a solvent in similar 
determinations. Such additions proved to exert a very remark¬ 
able accelerating influence upon the change. In a typical deter¬ 
mination, 0*2500 g. of the salt when dissolved in cold 90% ethyl 
alcohol gave a D — — 0*79° 4 minutes after the first contact with 
the solvent, whence [a] D = — 31*6° and Af[a] D = — 113°. Owing 
to the very rapid fall in rotatory power, a second reading could 
not be taken conveniently until a further period of 4 minutes 
had elapsed, when the value observed was a D == — 0*45°. A 
constant reading, a D = — 0*43°, was reached 12 minutes after the 
first contact: the final value of [a] D was thus —- 17*2°, and of 
_M[oc]d — 62°. A specimen of the pure powdered salt, after keeping 
at 160° for 30 minutes, gave Af [a] D = — 149° when freshly dissolved 
in absolute methyl alcohol. 

l-Hydroxyhydrindamine dl- ChlorobromometJianesulphoTiate, —The 
various fractions of the needle-shaped crystals deposited during 
the original series of recrystallisations were purified by a further 
reerystaUisation from hot glacial acetic acid. Upon cooling, the 
solvent deposited rosettes of hard, glittering needles, which were 
collected and washed with ethyl acetate; further preparations of 
the substance were made by dissolving the tabular crystals in the 
same solvent, when the separation formed on cooling consisted 
entirely of the partially racemic salt. The crystals, which are 
unsuitable for goniometric examination, show straight extinction 
with strong double refraction. The refractive index is greater 
than 1-60. 

The salt is much more soluble in acetone and in methyl and 
ethyl alcohol than the salt of the Z-acid, and is also slightly soluble 
in boiling chloroform. It is practically insoluble in benzene, ether, 
or light petroleum. In glacial acetic acid it dissolves with greater 
difficulty than the isomeric salt; crystallisation occurs with great 
ease from this solvent, and the substance shows no tendency to 
form supersaturated solutions. It dissolves sparingly in boiling 
ethyl acetate, and separates in fine needles upon cooling. When a 
solution of the salt in a little hot glacial acetic acid is diluted with 
hot ethyl acetate the liquid gradually becomes filled with magnifi¬ 
cent interlacing aggregates, composed of long, silky needles radiating 
from centres : this procedure affords the best method of purifying 
the substance. Moderately strong solutions of the partially racemic 
salt in acetone readily deposit the characteristic tabular crystals 

. . ' 3i2 
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of Z-lxydroxyhydrindamine Z- cblorobr omomethanesulphonate when 
allowed to* cool. Z-Hydroxyhydrindamine dZ-ehlorobromomethane- 
snlphonate decomposes at 187° without the pre limin ary change 
noticed in the case of the other salt (Found: C, 33*7; H, 3*7. 
C 10 Hi 3 O 4 NClBrS requires C, 33*5; H, 3*6%). 

Optical rotatory powers were determined in various solvents, 
under the conditions outlined for the isomeric salt, the concentration 
being approximately 0*25 g. of salt in 20*0 c.c. of solution; the 
resulting values agreed very closely with the corresponding values 
furnished by the salt of the Z-acid after the completion of the muta- 
rotative changes. The partially racemic salt exhibited no rnuta- 
rotation in methyl alcohol, glacial acetic acid, or water. A 
slight upward mutarotation occurred in 99*5% ethyl alcohol, 
until the final value given by the isomeric salt was practically 
attained: the initial value, M[ a]x> — —* 75°, rose in 4 hours 
to — 80°, and in 20 hours to — 83°, and no further change was 
observed. 

Very striking changes were traced in acetone solutions. In a 
preliminary series of observations, about 0*25 g. of the salt was 
dissolved in acetone of ordinary purity, by war min g for 10 minutes 
on the water-bath and then making up the cooled solution to 20*0 c.c. 
with the solvent: the original molecular rotatory power of — 93° 
rose in 20 hours to — 147°, and in 27 hours to a constant value of 
—: 154°. When evaporated to dryness on the water-bath, the 
solution yielded a crystalline residue which exhibited a molecular 
rotatory power of — 104° when freshly redissolved in acetone ; 
after 20 hours the value had again risen to — 154°, at which it 
remained constant. In a similar experiment, the residue recovered 
by evaporation on the water-bath gave an original value of — 148° 
when freshly dissolved in methyl alcohol; after 40 hours, the 
molecular rotatory power had declined to a constant value of 
— 74°. When dissolved in 90% ethyl alcohol, this salt gave a 
constant molecular rotatory power of — 63°. 

A much more rapid upward mutarotation occurred in pure 
anhydrous acetone: 0*1014 g, of the salt, dissolved to 20*0 c.c., 
gave [ajj, — — 18V 3 minutes after the first contact with the cold 
solvent, whence Jf[a] D = — 71°. The successive values observed 
after 8 minutes and 20 minutes, respectively, were Jf[a] D — — 89°, 
and — 124°; the constant value, — 187°, attained in about an 
hour, is identical with the equilibrium value furnished by the 
isomeric salt under similar conditions [Fig. 2(d)]. The main 
relationships between the molecular rotatory powers displayed 
by the two isomeric salts in various solvents are summarised in 
the following table: 
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Z-Hydroxyhydrindamin© Z-Hydroxyhydrmdamin© 
Z-chlorobromomethane- dZ-chlorobromoraethane- 

sulphonate. sulphonate. 

Original Final Original Final 


Solvent. M[ a] D . M[ a]„. -M[a] D . 

Methyl alcohol 

(ordinary) . -174° -71° -72° -72° 

Methyl alcohol 

(absolute) . —180 —71 —71 —71 

Ethyl alcohol 

(99-5%) . -180 —90 —75 —83 

Ethyl alcohol ... 

(90%). -113 -62 -63- —63 

Acetone 

(ordinary) .... —158 —158 —93 —154 

Acetone (pure 

anhydrous) ... —256 —187 —71 —187 

Glacial acetic 

acid. -184 -66 -59 -59 

Water. -60 —60 -60 -60 


For the reasons already stated, a further examination was made 
into the nature of the process whereby the salt of the dZ-acid after 
solution in acetone yields a separation of the isomeric salt of the 
Z-acid. The partially racemic salt (4*4 g.) was dissolved in warm 
acetone of ordinary purity with the addition of a few drops of 
methyl alcohol, and upon allowing the solution to cool, a separ¬ 
ation consisting wholly of tabular crystals was deposited. After 
the lapse of 50 minutes 5 c.c. of the clear mother-liquor were with¬ 
drawn, diluted to 20*0 c.c. with acetone, and examined polari- 
metricaJly in a 2-dcm. tube. By subsequently evaporating a 
measured portion of the diluted solution it was ascertained that 
the observed reading, a D = — 1*02°, corresponded to 0*2748 g. 
of the salt dissolved in 20*0 c.c. of acetone, whence Af[a] D = — 131°. 
After a further interval of 200 minutes, during which nothing but 
tabular crystals separated, 5 c.c. of the mother-liquor were found 
to contain 0*1790 g. of dissolved salt having a molecular rotatory 
power of — 122°. It appears, therefore, that the solution in 
acetone always contains an excess of the salt IBIA, notwithstanding 
its continuous withdrawal during the process of crystallisation. 

For purposes of comparison in two kinds of solvents giving 
rise to mutarotation, a specimen of l-hydroxyhydrindamine benzene- 
sulphonate was prepared by mixing equivalent amounts of the free 
acid and base on the water-bath in presence of acetone containing 
a little water. The resulting crystalline solid separated from hot 
acetone containing a little methyl alcohol in clusters of glittering, 
anhydrous prisms, m. p. 198°, when the solution was allowed to 
cool (Found; 6, 58*7; H, 5*7. C 15 BE 17 0 4 NS requires C, 58^6; 
H, 5*5%). 

The original molecular rotatory power of this substance in acetone 
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was — 140°, and a slight decline to a constant value of — 131° 
occurred in 20 hours. The salt recovered by evaporation on the 
water-bath gave a constant molecular rotatory power of — 75° 
in methyl alcohol. The original salt gave an initial value of — 100° 
in the same solvent, declining to a constant value of — 76° in 8 hours. 
A slight downward mutarotation was thus displayed in both 
types of solvent. d-Hydroxyhydrmdamine acetate (J., 1912, 101, 
777) gave the constant value if[a] D = -f 61° in methyl alcohol, 
and in acetone declined from + 414° to + 382° in 44 hours. 

Replacement of the Base in l-Hydroxyhydrindamine 1- and dl- 
ChlorobromoTriethaTiesulphonate .—1. When Z-hydroxyhydrindamine 
Z-chlorobromomethanesulphonate was dissolved in warm acetone 
containing a trace of methyl alcohol and mixed with a solution of 
the calculated amount of brucine acetate in warm acetone, there 
was an immediate separation of well-defined crystalline needles. 
These were collected and washed with acetone, cold water, and again 
with acetone; the dry product represented an almost theoretical 
yield of brucine chlorobromomethanesulphonate. Owing to the 
sparing solubility of the salt, the determination of its optical rotatory 
power presented considerable difficulty *, but readings were eventu¬ 
ally obtained in acetone, which dissolves it slightly, and glacial 
acetic acid, which is the best solvent available for the purpose. 
A small quantity of the salt was heated on the water-bath for 
20 minutes with acetone, so that a portion remained undissolved ; 
after keeping for 24 hours at the ordinary temperature, the clear 
saturated solution gave a D = + 0*11° when examined polari- 
metrically in a 4-dcm. tube. In a further experiment, 0-1025 g. 
was completely dissolved in glacial acetic acid by heating on the 
water-bath for 25 minutes. The cold solution, when made up 
to 20*0 c.c. and examined forthwith in a 2-dem. tube, gave ocd = 
+ 0*07°, whence [a] D = -j- 6*8°. A similar determination made 
upon a solution containing 0*2010 g. of the salt in 30*0 c.c. yielded 
the value = -f- 0*16° in a 4-dcm. tube. In a third determin¬ 
ation an identical value was observed 15 minutes after the first 
contact with the solvent, but in 3 hours the solution exhibited no 
appreciable optical activity, and further readings were rendered 
impossible through the separation of crystals in the polarimeter 
tube. In a fourth determination, made upon a new preparation 
of the brucine salt, the initial value, [a] D = + 6*1°, declined to 
zero in 45 minutes, to — 7*5° in 1*5 hours, and reached a constant 
value of 10*4° in 3*5 hours; in this instance no crystallisation 
occurred. A fifth solution of the same kind when heated on the 
water-bath for 3 hours showed no appreciable optical activity in 
a 4-dcm. tube. 
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Z-Hydroxyhydrindamine dZ-chlorobromomethanesulphonate also 
yielded a brucine salt when treated in the manner described above; 
the two brucine salts were very similar in appearance, except that 
the second one crystallised in smaller needles than the first. A 
saturated solution of the second salt in acetone, prepared at the 
same time and in exactly the same manner as the corresponding 
solution of the first brucine salt, gave the value a D = — 0*02° 
when examined polarimetrically in a 4-dcm. tube. This value, 
although difficult to establish with precision, is obviously different 
from the corresponding value, a D — + 0*11°, recorded above for 
the related salt. A solution of 0*1118 g. in glacial acetic acid, 
prepared in the manner described above and examined forthwith, 
gave a D = — 0*13° in a 2-dcm. tube, whence [a] D = — 11-2°. In 
a second similar determination, 0*2010 g. made up to 30*0 c.c. with 
glacial acetic acid gave a D = —■ 0*28° in a 4-dcm. tube, whence 
[a] D = — 10*4°. A third determination, made upon a new prepar¬ 
ation of the brucine salt, gave an original value of [a] D = — 8*0°, 
which changed in the course of 9 hours to a constant value of 
— 10*5°. A fourth similar solution displayed no measurable optical 
activity after heating for 3 hours on the water-bath. 

In several instances the brucine salt derived from Z-hydroxy- 
hydrindamine Z-chlorobromomethanesulphonate crystallised from 
glacial acetic acid in the polarimeter tube, but no such behaviour 
was observed on the part of the second brucine salt, which thus 
appears to be the more soluble, or, at least, to have passed through 
the stage of the mutarotation corresponding to the least solubility. 

Brucine dZ-chlorobromomethanesulphonate, prepared by mixing 
aqueous solutions of equimolecular amounts of ammonium d2-chloro- 
bromomethanesulphonate and brucine hydrochloride, dissolved 
with greater difficulty in hot glacial acetic acid than either of the 
brucine salts described above. When prepared by heating over a 
small flame and then examined immediately after cooling, a 0*5% 
solution showed no measurable optical rotation in a 2-dcm. tube, 
and the crystallisation of the substance in the tube rendered further 
observation impracticable. The various preparations of brucine 
salt obtained by fractional precipitation from aqueous solution 
showed similar behaviour when dissolved in glacial acetic acid, and 
thus consisted probably of brucine dZ-chlorobromomethanesul- 
phonate, as indicated below. 

The optical inversion noticed upon precipitating Z-hydroxy- 
hydrindamine Z-chlorobromomethanesulphonate with brucine acetate 
led to an examination of the optical rotatory power of the brucine 
salt prepared from an optically impure specimen of ammonium 
Z-chloroiodomethanesulphonate, having Jf[a] D — — 28° in 1% 
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solution in glacial acetic acid. The brucine salt obtained by com¬ 
pletely precipitating an aqueous solution of this ammonium salt 
by the addition of brucine hydrochloride had if [a]© = — 60° 
when dissolved to form a 0*6% solution in glacial acetic acid. No 
inversion was therefore apparent, and neither of these salts showed 
mutarotation in glacial acetic acid. 

An investigation of a number of salts of brucine with optically 
inactive acids; showed that such salts, when dissolved in glacial 
acetic acid to form solutions of the approximate molecular con¬ 
centration indicated above, gave no measurable rotation when 
examined in a 4-dcm. tube in sodium light. The salts ex ami ned 
comprised brucine d$-chloroiodomethanesulphonate, brucine sul¬ 
phate, and brucine benzenesulphonate. As a check, it was noted 
that the specimen of brucine sulphate used was appreciably active 
in 1% aqueous solution, the values observed being [a] D = — 24*4°, 
and M[ a] D = — 121° (Found : S0 4 , 9*63; loss at 115° in 30 hours, 
11*16. BgjHgSO^6H 2 0 requires S0 4 ,9*66; H 2 0,10*88%). Brucine 
benzenesulphonate , prepared by mixing the acid and base in presence 
of water and evaporating to dryness, crystallises from hot methyl 
alcohol, in which it is moderately soluble, in rosettes of glistening, 
anhydrous needles. 

2. Of the many attempts made to replace the Z-hydroxyhydrind- 
amine in the above salts by an optically inactive base, avoiding 
water as a solvent, success was only achieved with benzidine and 
p-naphthylamine. Upon dissolving either of the Z-hydroxyhydrind- 
amine salts, with very gentle warming, in about ten times the 
weight of glacial acetic acid and adding at once to the cooled solu¬ 
tion an equivalent quantity of benzidine dissolved in a like volume 
of the same solvent, an immediate and practically quantitative 
precipitation of the corresponding benzidine salt occurred. In 
each instance the salt consisted of minute needles, practically 
insoluble in water, acetone, or glacial acetic acid, and only slightly 
soluble in alcohol. About 0*1 g. of each salt was dissolved separ¬ 
ately in absolute methyl alcohol on the water-bath, the cold solu¬ 
tion being then made up to 20*0 c.c. with the solvent. About 
10 minute elapsed between first contact of the material with the 
solvent and the polarimetric observation, and no optical activity 
was observed in either instance. 

3. The p-naphthylamine salts were prepared in a similar way, 
except that smaller amounts of glacial acetic acid were used. The 
P-naphthylamine salt obtained from Z-hydroxyhydrmdamine Z-chloro- 
bromomethanesulphonate was a crystalline powder, co nsisting of 
minute, glistening prisms, m. p. 210—240° (decomp.). The P-naph- 
thylamine salt prepared from Z-hydroxyhydrindamine cZZ-cbloro- 
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bromomethanesulphonate was quite distinct in appearance from 
the salt just described: it consisted of well-defined, silky needles, 
winch decomposed very definitely at 240°, without undergoing any 
preliminary change. The distinctions were confirmed by carrying 
out a second preparation of each salt. Neither of the p-naphthyl- 
amine salts was soluble in benzene or chloroform, but both were 
readily soluble in cold acetone or alcohol, and moderately soluble 
in warm glacial acetic acid. The salt obtained from the dl -acid 
appeared to be less soluble than the other, and either salt upon 
recrystallisation from glacial acetic acid yielded silky needles 
decomposing at 240°. 

In each case, 0T5 g. of the original [B-naphthylamine salt, when 
dissolved in cold acetone and made up to 20-0 c.c. with the solvent, 
failed to reveal any optical activity when examined polarimetric- 
ally in a 2-dcm. tube 5 minutes after the first contact with the 
solvent. A similar result was obtained by dissolving 0*2 g. in 
absolute methyl alcohol in an exactly similar manner. The residues 
recovered from the acetone and methyl alcohol solutions by allow¬ 
ing the solvent to evaporate at the ordinary temperature were 
identical in appearance. 

' d-Hydroxyhydrindamine d-Chlorobromomethanesulphonate .—A 

crystalline mass was readily obtained by mixing equivalent quanti¬ 
ties of ^-hydroxyhydrindamine and dl- chlorobromomethanesulph- 
onic acid on the water-bath in presence of a little acetone, as de¬ 
scribed above for the l- base. When the product was recrystallised 
from warm acetone containing a little methyl alcohol, it yielded 
glistening plates, identical in appearance with crystals of Z-hydroxy- 
hydrindamine Z-chlorobromomethanesulphonate: 0*2000 g. dis¬ 

solved in absolute methyl alcohol at the ordinary temperature and 
made up to 20*0 c.c., gave a D = -f-1*00°, when examined at once 
in a 2-dcm. tube, whence [«] D = + 50-0°, and M [a]*, = + 180°. 
The two salts crystallising in tabular form are thus enantiomorph- 
ously related. When the above solution was evaporated to dryness 
on the water-bath, the residue gave ilf[a] D = -j- 71° when redis¬ 
solved in absolute methyl alcohol: the analogy between the 
enantiomorphous salts is thus complete. 

The brucine salt derived from d-hydroxyhydrindamine d-chlora- 
bromomethanesulphonate by precipitation in acetone solution was 
not noticeably different in appearance or solubility from the brucine 
salt derived in a similar way from the enantiomorphous substance. 
In this instance, however, no dextrorotation could be established 
by dissolving the brucine salt in glacial acetic acid: 0*1510 g., 
when dissolved in a few minutes by heating the solvent over a 
small flame and examined forthwith in the usual way, gave a© wss 

" 31 * 
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— 0*10° in a 2-dcm. tube, whence [a] D = — 6-6°. A constant 
value of [ot]D = — 10*0° was attained after an interval of 90 minutes. 

d -Hydroxyhydrindamine dl-Chlorobromomethanesulphonate, —The 
acetone mother-liquor from the salt just described was evaporated 
to dryness on the water-bath and the residue* recrystallised from 
a small quantity of hot glacial acetic acid, with the addition of 
hot ethyl acetate in excess: the resulting long, silky needles gave 
a constant value of Jkf[a] D = +71° when dissolved in absolute 
methyl alcohol at the usual concentration, and exhibited the 
expected upward mutarotation when dissolved in acetone. 

Wholly Racemic Forms of Hydroxyhydrindamine CJdorobromo- 
methanesulphonate .—A solution of a mixture of equal weights of 
l- and ^-hydroxyhydrindamine dZ-chlorobromomethanesulphonate 
in a small amount of hot glacial acetic acid was diluted with hot 
ethyl acetate and allowed to cool. The crystalline separation which 
gradually ensued consisted wholly of rosettes of short, glistening 
needles. The substance, which was optically inactive, softened 
slightly at 155°, melted without decomposition at 175°, and re- 
crystallised on cooling. In appearance it was very similar to Z- or 
d-hydroxyhydrindamine cZZ-ehlorobromomethanesulphonate, but was 
more soluble than these salts. The same substance resulted when 
a mixture of equal weights of cZ-hydroxyhydrindamine d-chloro- 
bromomethanesulphonate and Z-hydroxyhydrindamine Z-chloro- 
bromomethanesulphonate was treated similarly. 

Upon crystallising the last-named mixture from acetone, in place 
of acetic acid, the resulting crystalline deposit contained the form 
of racemate just described, interspersed with large, glassy, trans¬ 
parent prisms, very similar in appearance to the original salts. 
These crystals, which melted at 160° and reerystallised on cooling, 
represented a second completely racemic form. A similar mixed 
deposit of needles and large prisms was also obtained by recrystaffis- 
ing the first racemic form from acetone. The interconversions 
shown by the constituent optically active salts thus persist in the 
racemates. 

Exhibition of Optical Activity by Chlorobromcmethanesulphonic 
Acid in Combination with an Optically Inactive Base .—Although 
no optical activity could be established when Z(or d)-hydroxy¬ 
hydrindamine in combination with Z(or d)-chlorobromomethane- 
sulphonie acid was replaced by a new optically inactive base, it 
was found that the optical activity of the acid in these salts per¬ 
sisted for a while when the activity of the combined hydroxy- 
hydrmdamine was neutralised by the addition of an equal weight 
of the salt containing the opposed optical form of this base in 
combination with the racemic acid. As an example, a mixture of 
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0-2024 g. of <£-hydroxyhydrindamine d-chlorobromomethanesul- 
phonate with 0-2024 g. of l - hydroxyhydrindamine dZ-chlorobromo- 
methanesulphonate was dissolved in cold absolute methyl alcohol 
and made up to 20*0 c.c. with the solvent. When examined in a 

2-dcm. tube, 2 minutes after the first contact, an optical rotation 
of a D = + 0*55° was observed, whence [a] D = + 13-6°, and Jf[oc] D = 
-f- 49°. In 4-5 hours the value of M[ a]j> had declined to + 33°, 
in 7-25 hours to + 31°, in 28 hours to + 8°, and in 32 hours the 
optical activity had completely disappeared. The rate of change 
was thus considerably more rapid than that exhibited in the later 
stages of the mutarotation of Z-hydroxyhydrindamine Z-chloro- 
bromomethanesulphonate in the same solvent. 

The investigation will be extended, as occasion permits, in the 
various directions indicated. We express our acknowledgments 
to the Department of Scientific and Industrial Research for a 
maintenance grant to one of the authors (A.M.M.). 

United College, The University, 

St. Andrews. [Received, April 15th, 1925.] 


OCX .—The Nitration of m-Chlorophenol. 

By Herbert Henry Hodgson and Francis Harry Moore. 

The scanty literature on this subject prior to 1924 deals only with 

3- chloro-6-nitrophenol (Laubenheimer, Ber., 1876, 9, 76; Uhle- 
mann, Ber., 1878, 11, 1161), 3-chloro-4:6-dinitrophenol (Fries, 
Annalen , 1912, 389, 305), and 3-chloro-2 :4 : 6-trinitrophenol. 
Auwers and Deines (Zentr., 1924, H, No. 18) have prepared 6- and 

4- nitro-3-ehloropbenols via the action of nitrous acid on 3-chloro- 
aniline nitrate, but we have obtained very moderate yields by 
their method. 

The present paper relating to the nitro-derivatives obtainable 
from m-chlorophenol by direct nitration is part of a systematic 
study of the chemistry of m-halogenated phenols. 

The above mononitro-compounds have been prepared in purer 
form than any hitherto described and S-chloro-2-nitrophenol has 
been obtained in excellent yield. 4:6-, 2:6-, and 2 :4-Dinitro- 
3-chlorophenols are readily distinguishable by means of their 
characteristic silver salts. 

Monosulphonation of m-ehlorophenol at 100—120° appears to 
form exclusively 3-chlorophenol-4-sulphonic acid, owing; to the 
usual directing influence of the hydroxyl group. 

3-Chloro-2 :4:6-trinitrophenol is obtained in a very pure con* 

31 * 2 
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dition by the direct nitration of m-chlorophenol and removal of 
any dinitro-compound in steam. If, however, m-chlorophenol is 
sulphonated and then treated with an excess of nitric acid, a 
trinitro-snlphonic acid is formed which on hydrolysis yields 3-chloro- 
2:6:6-tiinitrophenol as a product volatile in steam. 

Evidence in support of the constitution assigned to 3-chloro- 
4-nitrosophenol by Hodgson and Moore (J., 1923, 123, 2499) has 
been obtained by its oxidation to 3-chloro-4-mtrophenol. 

Experimental. 

Mononitration of m- Chlorojphenol. 

6- and 4- Nitro-3-c7iIorophenols .—m-Chlorophenol (24 g.), liquefied 
by alcohol (2 c.c.), was added slowly to a solution, kept below 25°, 
of 40 g. of concentrated sulphuric acid and 29 g. of sodium nitrate 
in 70 c.c. of water. After being stirred for 2 hours, the mixture 
was diluted with water (2 vols.). The solid was washed and steam- 
distilled. The yellow oil in the distillate solidified and after being 
pressed was again distilled in steam, when 3-chloro-6-nitrophenol, 
m. p. 41°, was obtained (Auwers and Deines, loo . cit. s give 39°) 
(Found : Cl, 20-4. Calc., Cl, 20*5%). The yield of crude product 
was 22%. 

3-Chloro-4-nitrophenol, which remained in the distillation flask 
as a brown solid, m. p. 80—106° (yield 60%), crystallised in white, 
feathery needles, m. p. 121—122°, from dilute hydrochloric acid or 
water*(Found : Cl, 20-4%), Auwers and Deines (he. cit.) obtained 
faintly yellow needles, m. p. 120—121°, from benzene; the colour 
was possibly due to the action of atmospheric ammonia. We 
cannot confirm Uhlemann’s statement ( loc. cit.) that 3-chloro- 
6-nitrophenol melts at a second determination at 32° and regains 
its normal m. p. after several days. 

Oxidation of S-ChloroA-nitrosophenol. —A solution of the nitroso- 
phenol (2 g.) in 400 c.c. of water containing 20 g. of sodium hydr¬ 
oxide and 20 g. of potassium f errieyanide was acidified with sulphuric 
acid after being kept for 2 days. Ether extracted from the mixture 
a trace of a product which was volatile in steam and gave a red 
sodium salt , but the bulk of the extract was 3-chloro-4-mtrophenol, 
which melted at 121° after crystallisation from water (Found: 
Cl, 20-3%). 

Oxidation with nitric acid of various strengths and with hydrogen 
peroxide produced similar results, but the yields were unsatis¬ 
factory. 

3-Chloro-2-nitrophe7wl. —m-Chlorophenol (12-8 g.) was added 
slowly to 75 g. of oleum (27% S0 3 ), cooled after each addition. 
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The mixture was kept for 12 hours and then heated for 2 hours 
on a water-bath to complete the disulphonation. Nitric acid 
(4-5 c.c.; d 1*5) dissolved in 20 c.c. of oleum (27% S0 3 ) was added 
during 15 minutes to the cooled mixture, which was then kept for 
2 hours. On dilution and hydrolysis in a current of steam, a 
viscous, yellow, opaque oil passed over which rapidly solidified; 
it separated in white, slender needles, m. p. 37*5°, from its yellow 
solution in light petroleum (yield 11 g.; 66%) (Found : Cl, 20*35. 
C 6 H 4 0 3 NC1 requires Cl, 20-5%). 

3-Chloro-2-nitrophenol is remarkable as being an o-nitrophenol 
which is colourless. It is readily turned yellow by atmospheric 
ammonia. Like its 6-nitro-isomeride, it has a distinctive odour; 
the 4-nitro-isomeride is odourless. The silver salt of 3-chloro- 

2- nitrophenol forms characteristic crimson festoons (Found: Ag, 
38*2. C 6 H 3 0 3 NClAg requires Ag, 38*5%). The methyl ether was 
prepared by means of boiling aqueous sodium carbonate and 
excess of methyl sulphate. The product was steam-distilled and 
the white solid crystallised from dilute alcohol; m. p. 55° (Found : 
Cl, 18*7. C 7 H 6 0 3 NC1 requires Cl, 18*9%). The benzoate could not 
be prepared in aqueous alkali hydroxide, but was readily obtained 
in aqueous sodium carbonate. It separated from alcohol in colour¬ 
less crystals, m. p. 123° (Found: Cl, 12*1. C^HgO^Cl requires 
Cl, 12*7%). 

Dinitration of m-Chlorophenols. 

General Procedure .—The initial material is added gradually to 
a cooled mixed acid containing 98% sulphuric acid (15 vols.), 
70% nitric acid (12 vols.), and water (9 vols.). After an interval, 
the mixture is warmed if necessary, diluted, and steam-distilled. 
The dinitro-produets are all volatile with steam and crystallise 
well from water or dilute acids. 

d-ChloroA ; 6 -dinitrophenol. — (a) The reaction mixture (1 g. of 

3- chloro-6-nitrophenol and 3 c.c, of mixed acid; 3 c.c. of concen¬ 
trated sulphuric acid were subsequently added) was kept for 2 hours 
and then heated for | hour on the water-bath. 3-Chloro-4:6-di- 
nitrophenol was obtained in colourless crystals, m. p. 92—93°, 
from water or in stout prisms from light petroleum (Found: Cl, 
16*1. Calc,, Cl, 16*2%). A non-volatile product was 3-chloro- 
2:4: 6-trinitrophenol, large, white needles, m. p. 114° (from water!. 

(b) The reaction mixture (1 g. of 3-ehloro-4-nitrophenol and 
4 c.c. of mixed acid) was kept over the week-end. The product 
had m. p. 92—93° (Found : Cl, 16*15%). 

(c) 1 :3-Dichloro-4:6-dinitrobenzene was boiled with aqueous 
sodium carbonate, and the solution acidified after filtration. The 
precipitate melted at 92° after being crystallised from water. 



1602 


HODGSON* ANT> MOORE : 


The identity of the three products in (a), (6), and (c) was estab¬ 
lished by the melting points of their mixtures. 

d-Chloro-2 :6-dinitrophenoL —(a) This was obtained from a re¬ 
action mixture of 2 g. of 3-chloro-2-nitrophenol and 12 c.c. of 
mixed acid. It is less volatile with steam than its 4:6-dinitro- 
isomeride and crystallises from dilute hydrochloric acid in white, 
feathery crystals, m.p. 114*5° (Found : Cl, 16*1. Calc., Cl, 16*2%). 
A non-volatile product was 3-chloro-2 : 4 : 6-trinitrophenol (Found : 
Cl, 13*2. Calc., Cl, 13*5%). 

(6) A mixture of 4 g. of 3-chloro-2-nitrophenol and 4 c.c. of 
oleum (27% S0 3 ) was kept over-night (crystals of unchanged 
material separated), 4 c.e. of oleum were added and, 4 hours later, 
the mixture was heated on the water-bath to complete the sulphon- 
ation. It was then nitrated with 1 c.c. of nitric acid (d 1*5) dissolved 
in 2*5 c.c. of oleum. The product volatile with steam was 3-chloro- 
2 : 6-dinitrophenol. The liquor in the flask, on neutralisation with 
potassium carbonate, gave a bright yellow potassium salt (probably 
of 3-chloro-2 : 6-dinitrophenol-4-sulphonic acid) from which 3-chloro- 
2 ; 6-dinitrophenol was obtained on hydrolysis. 

(c) A mixture of 3 g. of m-chlorophenol and 7 c.c. of oleum 
(27% S0 3 ), after being kept for 2 hours, was nitrated with 0*8 c.c. 
of nitric acid (d 1*5) in 4 c.c. of oleum and kept for 1 hour. The 
volatile product of hydrolysis by steam was 3-cbloro-2:6-dinitro- 
phenol (mixed m. p.). 

Z-Chloro-2 : 4z-diniirophenol .—After 3 g. of 3-chloro-2-nitrophenol 
had been added slowly to 1*8 c.c. of sulphuric acid (100%) and 
4 c.c. of oleum (27% S0 3 ), the mixture was kept for 6 hours, then 
heated on the water-bath for 2 hours, cooled, nitrated with 0*8 c.c. 
of nitric acid (d 1*5) in 4 c.c. of oleum, and kept for 1 hour. The 
steam-distillate, on cooling, deposited 3-chloro-2 :6-dinitrophenol. 
The filtrate from this, on extraction with ether, gave up a solid, 
probably 3-chloro-2 :4-dinitrophenol, which, after repeated frac¬ 
tional crystallisation from water, had m. p. 138—140° and gave a 
yellow silver salt insoluble in ammonia (Found : Cl, 15*9. Calc., 
Cl, 16*2%). ^ 

Direct Nitration of D isulphoricited Tn-ChloYophenol .—After remain¬ 
ing for 20 hours at 10—15°, a solution of 4*2 g. of m-chlorophenol 
in 25 g. of oleum (27% S0 3 ) was nitrated with 2*7 c.c. of nitric 
acid (d 1*5) in 14 c.c. of oleum and kept for 1 hour. On hydrolysis 
in a current of steam, 3-chloro-2-nitrophenol distilled over first 
and was followed by 3-chloro-2 :6-dinitrophenol, which separated, 
and 3-ehloro-2 :4-dinitrophenol, which was extracted with ether, 
from the distillate. The presence of 3-chloro-4: 6-dinitrophenol 
was not detected. 
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Sulphonation and Nitration of S-ChloroA-nitrophenol. —A solution 
of 5 g. of the chloronitrophenol in 10 c.c. of oleum (27% S0 3 ) was 
cooled and immediately nitrated with 1*2 c.c. of nitric acid (d 1*5) in 
5 c.c. of oleum. After the usual treatment 3-ehloro-4:6-dinitrophenol, 
but not 3-ehloro-2 : 4-dinitrophenol, was obtained. If, however, 
the sulphonation mixture was kept for 2 hours, or was warmed, 
before being nitrated, no 3-chloro-4 : 6-dinitrophenol was produced, 
the destruction of 3-chloro-4-nitrophenol by oleum being thus 
made manifest. 2- and 6-Nitro-3-chlorophenol are stable towards 
oleum. 

Properties of the Dinitro-m-chlorophenols .—4 : 6-, 2 : 6-, and 
2 :4-Dinitro - 3-chlorophenol are in the order of increasing solubility 
in water. The solutions are yellow. The silver salts are prepared 
from the ammonium salts and silver nitrate in neutral aqueous 
solution. The 4 : 6-dinitro-compound gives a characteristic yellow 
gel which slowly becomes crystalline (Found : Ag, 33*0. Calc., 
Ag, 33*2%). The 2 : 4-dinitro-compound forms yellow crystals 
(Found : Ag, 32*95%). The 2 : 6-dimtro-compound gives a red, 
crystalline substance which is much more soluble in aqueous am¬ 
monia or water than either of the other two (Found : Ag, 32*9%). 
The silver salts of 2 :6-dinitrophenol and 4-chloro-2 :6-dinitro¬ 
phenol also are red. 

The three dinitro-m-chlorophenols resist methylation and benzoyl- 
ation by direct means. The mononitro-eompounds are methylated 
only with difficulty. 

Trinitration of m-Chlorophenol. 

3-Chloro-2 : 4 : 64rinitrophenoL —m-Chlorophenol (4 g.) dissolved 
in 6 c.c. of oleum (27% S0 3 ) was nitrated in the cold with 40 c.c. 
of nitric acid (70%), added gradually. The mixture, having been 
stirred for 1 hour, was gently boiled for 10 minutes and poured 
on to ice, and products volatile with steam (if any) were removed. 
The residue crystallised from dilute sulphuric acid in fern-like 
crystals and from water in rectangular prisms, m. p. 114° (Found : 
Cl, 13*2. Calc., Cl, 13*5%). 

3-Chloro-2 : 4: 6-trinitrophenol is readily soluble in alcohol, 
ether, benzene, or chloroform. Its sodium and silver salts are 
yellow; the former is moderately soluble in water, and the latter 
insoluble in aqueous ammonia. It is the ultimate product of 
nitration of all the mono- and di-nitro-3-chlorophenols mentioned 
above. 

Z-Chloro-2 : 5 : 64rinitr ophenol. —m-Chlorophenol (5 g.) dissolved 
in concentrated sulphuric acid (3 c.c.) was heated for 9 hours at 
120°, cooled, and poured into 50 c.c. of water. The solution was 
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filtered from tar, treated -with 15 e.e. of nitric acid (d 1-5), and, 
after being stirred for 30 minutes, was slowly heated and finally 
boiled for 5 minu tes. Neutralisation of the cooled filtered solution 
with solid potassium carbonate caused the precipitation of a yellow 
product, which crystallised from water in characteristic old-gold 
clusters and from alcohol, in which it was moderately soluble, in 
small, yellow needles [Found: S, 7*5; Cl, 8*0. Calc, for 
C 6 C1(0K)(N0 2 ) 3 *S0 3 K 5 S, 7*6; Cl, 8*5%]. This salt was hydro¬ 
lysed with boiling dilute sulphuric acid in a current of steam, and 
the volatile product, m. p. 112*5—113*5°, being somewhat soluble 
in water, was extracted from the distillate with ether (yield 2*7 g.) 
(Found: Cl, 13*2; N, 16*5. C 6 H a 0 7 N 3 Cl requires Cl, 13*5; N, 
15*9%). The yellow, crystalline silver salt is insoluble in aqueous 
ammonia. 

This steam-volatile trinitro-compound, produced from a mono- 
sulphonic acid in which the sulpho-group appears to be in position 4, 
is probably 3-chloro-2 : 5 : 6-trinitrophenol. 

Traces of 4:6- and 2 :4-dinitro-3-chlorophenol were detected 
when the original nitration mixture was steam-distilled without 
previous neutralisation. 

The authors thank the British Dyestuffs Corporation for gifts 
of chemicals in connexion with this investigation. 

Technical College, Hubbeesiteld. [Received, December 17 tk, 1924.] 


CCXI .—Polynuclear Heterocyclic Aromatic Types. 

Part II. Some Anhydronium Bases. 

By James Wilson Armit and Robert Robinson. 

It is a commonplace of the electronic theory of the atom and of 
valency that certain systems of electrons exist which by their 
association reach a stable condition, and an example may be found 
in the electron pair or duplet, the octet and dodecet, as well as in 
the special configurations, which are frequently assumed, of the 
valency electrons in nitrogen, carbon monoxide, and similar sub¬ 
stances. The occurrence of many atoms in a molecule provides 
further opportunities for the emergence of electron groups of marked 
stability and, ceteris paribus, the possession of such groups confers 
chemical stability as shown, for example’ by reduced unsaturation 
and a tendency to maintain the type. These are, of course, the 
chief characteristics of benzenoid systems, and here the explanation 
is obviously that six electrons are able to form a group which 
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resists disruption, and may be called the aromatic sextet * It is 
not supposed that the existence of the sestet involves a change in 
the total covalency exerted by the carbon atoms of the ring nor 
does the theory as employed below require any particular assump¬ 
tion in regard to the position of the electrons or their orbits in space. 
Thus the symbols 



are each considered to express a view of one aspect of the problem 
and are not inconsistent. The first expression suggests a sym¬ 
metrical distribution of electrons in the ring, and in regard to the 
covalencies should be taken as the interpretation of the second 
expression. The circle in the ring symbolises the view that six 
electrons in the benzene molecule produce a stable association which 
is responsible for the aromatic character of the substance.^ 
Naphthalene and anthracene will be represented by the following 
formula 



in which the deletion of the central connecting bonds is more 
apparent than real, because these attachments are by covalencies 
which involve the electrons of the sextets only. The aromatic 
character of thiophen and pyrrole requires the hetero-element to 
have contributed some of its free salt-forming electrons for the 
purpose of setting up a sextet, with the natural result that the 
basic character of these substances has been suppressed or largely 
diminished.- In pyridine, the sextet can, however, be obtained 
without the help of the lone 'pair on the nitrogen atom. The 

* In the ions of carboxylic acids, in the cs/cfopentadienes and indene deriv¬ 
atives, and in many other types of aemi-aromatic compounds, groups of two 
or four electrons may be assumed to occur. 

f The stability of beryllium acetylacetone and similar substances may be 
associated with the fact that the rings are aromatic and contain sextets. 
This is possible if the function of all the oxygen atoms is assumed to be 
identical as in the annexed formula. 


Me Me 



Me ^ ^ .Me 
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formulae with sextets do not necessarily represent systems the 
aromatic character of which is of the most perfected kind. There 
is ample evidence that in some typical aromatic compounds the 
valency is unevenly distributed, and consideration of such a series as 
pyridine, benzene, naphthalene, anthracene, glyoxaline, thiophen, 
pyrrole, and furan serves to protect us from the unwarranted 
assumption that there are no gradations between the KLekul6 
formula and the symmetrical electronic structures which have been 
proposed for benzene. In discussing the possibility of the existence 
of the pentamethine nucleus in fusion with other rings, we pointed 
out (J., 1922, 121, 828) that, on the basis of the cyclic conjugation 
theory, the forms I, II, and III might occur. 



On applying the restriction on the cyclic conjugation theory which 
is now suggested, namely, that the number of electrons must 
be such that sextets can be formed in each ring, it is clear that 
II and HI cannot satisfy the condition.* The type represented by 
I remains theoretically possible, and we have prepared a compound 
which appears to contain such a nucleus, 6-Aminopiperonal and 
3-phenylindanone condensed in alcoholic solution with the aid of 
potassium hydroxide, producing the quinoline derivative (TV), the 
methosulphate of which yields, on decomposition with hot aqueous 
alcoholic potassium hydroxide, the anhydronium base (V). 


CHPh 


•av i; i 5 _i a 

My\e/w—\«/ 

(IV.) 


CPh 

(Y.) NMe 


Utilising the free electrons on the nitrogen atom, 24 electrons 
are available for aromatic sextet formation as shown in (VI). 
Here the quadrivalent nitrogen is positively charged, whilst the 
pentamethine ring is negatively charged; (V) and (VI) represent 
extreme conditions, and the true structure doubtless lies between 
the two. (V) is not stable, because the right-hand benzene ring is 


* The unsaturated nature of ci/cfcoctatetraene suggests that a stable group 
of eight electrons analogous to the aromatic sextet is not formed. 
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not aromatic, and (VI) is not stable because it is a dipole; the 
tendencies to aromatic sextet formation and to neutralisation of 
the charges work in opposite directions and must reach some 
compromise. There is a very large class of substances which can 
similarly be regarded as normally occupying an intermediate 
position between a fully polarised aromatic phase and a neutralised 
quinonoid or ethenoid phase and these are usually anhydro-deriv- 
atives of aromatic onium hydroxides of various kinds. We propose 
to term these compounds anhydronium bases , since, although 
extremely diverse in form, they exhibit very similar chemical 
properties. Anhydronium bases derived from the methohydroxides 
of 4-carboline derivatives have been already described (Perkin and 
Robinson, J., 1919, 115, 951; Kermack, Perkin, and Robinson, J., 
1922, 121, 1877; Robinson and Robinson, J., 1924, 125, 832), 
whilst, in addition, 5 -methyl-5-isocarboline has been recently pre¬ 
pared (Robinson and Thornley, J., 1924, 125, 2169). We have 
now shown that 3-carboline methohydroxide loses water with the 
formation of an anhydride (VII). A corresponding substance in 


r CPK 1 




the quinindoline series was obtained indirectly by condensation 
of 6-aminopiperonal with oxindole followed by treatment of the 
resulting aminopiperonylideneoxindole (VIII) with methyl sulphate 
and then with alcoholic potassium hydroxide, closing the ring 
with elimination of water. 

CH 


/V\Ao;_/\ 

^ a) 

/TTTTT \ \1\H 


(Vin.) 



The base (IX) is represented in the quinonoid form, but it will be 
understood that we regard its actual mean condition as being 
something intermediate between this and the arrangement analogous 
to (VTI). This remark applies to all formulae here presented 
whether in the full polar aromatic conditions or as quinones. A 
bright scarlet anhydronium base in the 4-carboline series (harmine 
type) has been prepared by the decomposition of phenyldiveratro- 
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harmyrine methosulphate with sodium hydroxide and has the 
constitution (X). 


MeO 



Anhydronium bases of what is fundamentally the glyoxaline or 
pyrazole type can therefore be obtained in the 3-, 4-, or 5-carboline 
series, the two nitrogen atoms in different rings being separated by 
one, two, or three carbon atoms. It was of interest to find out 
whether much greater separation is possible and experiments were 
undertaken with this object. The nitration of £-naphthaquinoline 
was studied by Claus and Besseler (J. pr. Chem. } 1898, 57, 49), 
but the constitution of the mononitro-derivative was not determined. 
We have oriented the substance (XI) by the observation that the 
related aminonaphthaquinoline is converted by an application of 
the Skraup reaction into a naphthadiquinoline (XII), which may 
also be obtained from 1 : 6-naphthylenediamine in a similar manner. 




Amino - (3-naphthaquinoline was changed to an indole derivative 
(XHt) by condensation with benzoin under conditions similar to 
those used by Japp and Murray (J., 1894, 65, 889) in analogous 
cases. The results obtained on decomposing the methosulphate of 
(XE) were ambiguous and indicated oxidation. We have also 
investigated the alkylation of an indophenazme derivative (XIV). 
In view of such facts as the weak basic character of the amidines 



and the circumstance that p-phenylenediamine is a stronger base 
than the m-isomeride, it seems most probable that the first methyl 
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group will attach itself to the quinoxaline nitrogen which is the 
more remote from the nitrogen of the indole nucleus, but there is 
no direct proof of this. On such an assumption, the anhydronium 
base derived from the methohydroxide of (XIV) will have the con¬ 
stitution (XV). This orange-red substance can be converted into 
a remarkably stable methohydroxide (XVI). 



NMeN 


It has already been stated that the anhydronium bases include 
many types and among these are the glyoxalines, pyrazoles, a- and 
y-aminopyridines, a- and y-pyridones, a- and y-pyrones, carbolines 
and isocarbolines, diazo-oxides and diazoimines * derived from 
o - and ^-hydroxy- and amino-diazonium hydroxides, fuchsones and 
fuchsonimines, quinopyridanes, pyranhy drones, derivatives of 
methylenexanthane, etc. Thus the anhydropyranol (XVII) can 
also be represented as a phenol-betaine (XVIII), and it is the anhydr¬ 



onium base derived from hydroxydiphenylbenzopyrylium hydroxide. 
As such, it shows the normal behaviour of its type and adds on 
methyl sulphate so as to form the pyrylium salt (XIX) by direct 
addition of a methyl group to the quasiquinonoid oxygen atom. 

Finally, it is necessary to indicate an important consideration. 
The formation of an anhydronium base invariably involves a redis¬ 
tribution of the charge unless the positive and negative centres in 
the dipole are so powerfully basic and acidic that the substance is 
definitely a betaine. It is convenient to keep the latter separate 
and to reserve the expression anhydronium base for the compounds 
which are recognisably intermediate between neutral and fully 
polarised forms. The redistribution of charge referred to can only 

* On this hypothesis, the action of methyl iodide on a diazo-osdde or diazo~ 
imine should result in the replacement of the diazo-group by iodine and 
the simultaneous attachment of methyl to oxygen or nitrogen, respectively. 
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take place if the system connecting the charged centres is a con¬ 
ducting system. In other words, the necessary changes in covalency 
must he, not merely possible, but facile, and this will be the case 
only with definitely conjugated systems. There must always be a 
possible mechanism for the transfer of the charge in accordance with 
the electronic theory of conjugation as in the scheme: 

M N 

o=c—c=c—c=c—c=c-0— 

and this will be the case if the formula of the substance can be 
constructed on the classical valency theory with alternate single and 
double bonds. For example, if the oxygen in (XVII) is at (a), 
the condition cannot be satisfied, and therefore 6-hydroxy-2 :4- 
diphenylbenzopyrylium hydroxide should not yield an anhydronium 
base, although it might give a betaine on the model of (XVIII). 
The conception of the electrical conductivity of conjugated systems 
is implicit in all the suggestions relating to the mechanism of addi¬ 
tion to such systems made by Kermack and Bobinson (J., 1922, 
121 , 427), and for experimental evidence we can turn to graphite, 
each one of the layers of which must be regarded as comprising a 
single fully conjugated aromatic system. 

Experimental. 

7:8- MethyUnedioxy -11 - phenylindenoquinoline (IV).—Aqueous 
potassium hydroxide (5 c.c of 50%) was added to a cold solution 
of 6-aminopiperonal (3*9 g.) and 3-phenylindanone (5*1 g.) in ethyl 
alcohol (45 c.c.), when the liquid darkened and a red, crystalline 
precipitate slowly formed. Next day the separation had become 
copious and the substance was collected, washed with alcohol, and 
dried at 100° (6*6 g.). The compound crystallises from benzene 
in hexagonal prisms or in microscopic needles if the solution is 
rapidly cooled; it has m. p. 245—246° (Found: C, 81*6; H, 4*8; 
N, 4-3. CagH^CXjN requires C, 81*9; H, 4*5; N, 4*2%). The base 
is moderately readily soluble in hot benzene or chloroform, very 
sparingly soluble in hot alcohol, and almost insoluble in ether or light 
petroleum. The red solution in sulphuric acid exhibits intense 
violet fluorescence, changing to blue fluorescence on dilution with 
water. Unlike the related methylenedioxyindenoquinoline (Part I, 
p. 831), this phenyl derivative is precipitated by the addition of 
water to its solution in glacial acetic acid. The hydrochloride, 
decomp. 247°, and the picrote, decomp. 236°, crystallise in yellow 
needles. The methosulphate separated in the course of 30 minutes 
from a boiling solution of the base (3 g.) and methyl sulphate 
(27 c.c.) in benzene (130 c.c.). The precipitate (3*8 g.) crystallised 
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from ethyl alcohol in pale yellow needles, m. p. 233° (Pound : S, 7*0. 
C 25 H 21 0 6 NS requires S, 6*9%). The salt is moderately readily 
soluble in hot water and its aqueous and alcoholic solutions exhibit 
intense bluish-violet fluorescence. The methiodide , obtained 
directly or by double decomposition of the methosulphate, is 
sparingly soluble in water and alcohol and crystallises from the 
latter in small, pale yellow needles, m. p. 241—242° (decomp.). 

Anhydro-1 : 8-methyle?iedioxy- 11 -phenylindenoquinoline Metkohydr- 
oxide (V, VI).-—On addition of aqueous potassium hydroxide (5 c.c. 
of 50%) to a hot solution of the preceding methosulphate (1 g.) in 
aqueous alcohol (80 c.c. of 50%), there was an immediate separation 
of pale green, very slender, microscopic needles. The mixture was 
boiled for 1 minute, filtered hot, and the residue well washed with 
hot alcohol and dried in a vacuum at 100° until its weight was con¬ 
stant (0*65 g.) (Pound: C, 81*4; H, 5*0; N, 4*2. C 24 H 17 0 2 N 
requires C, 82*0; H, 4-8; N,4*0%). The substance is readily soluble 
in chloroform to an emerald-green solution, and by careful addition 
of light petroleum it can be precipitated in small, green needles 
which darken at 226°, progressively decompose at higher temper¬ 
atures, and finally melt to a black liquid at 246—247°. It is less 
readily soluble in benzene or toluene and undergoes decomposition 
in these media, which change is, however, no doubt due to oxid¬ 
ation. The base is slightly soluble in boiling water, the solution 
exhibiting bright blue fluorescence, and with acids the metho- 
salts of the parent base are regenerated. The picrate crystallises 
in pale yellow needles which sinter at 221° and melt at 226°. The 
readily soluble methiodide, of this anhydro-base is a pale yellow 
substance which gives an orange, amorphous precipitate with 
potassium hydroxide in aqueous solution. The new compound is 
easily soluble in cold water to a yellow fluorescent solution and 
is clearly a methohydroxide. It shows no tendency to give an 
anhydro-base and behaves exactly as would be anticipated if the 
methylation had proceeded so as to produce the group ~CMePh~. 
A quite similar case was described in Part I (p. 834), and we are of 
the opinion that the analogy supports our view of the nature of 
the substance which is now under discussion. The green colour of 
the base may, however, be due to impurity. 

3-Methyl-3-i&ocarboline (VII).—3-Carboline (Lawson, Perkin, and 
Robinson, J., 1924, 125, 626), prepared by the improved method of 
Robinson and Thornley {ibid., p, 2169), readily yields a metho¬ 
sulphate when its solution in hot nitrobenzene is treated with a 
solution of neutral methyl sulphate in toluene. The derivative 
is readily soluble in water and but sparingly soluble in alcohol, 
from which it crystallises in stellate clusters of pointed needles. 
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A concentrated aqueous solution was decomposed by an excess of 
warm 40% potassium hydroxide, and the base at once extracted 
by a large volume of light petroleum. The solution was dried with 
powdered potassium hydroxide and then with anhydrous barium 
oxide, filtered, and distilled with every precaution to avoid access 
of moist air. At a certain stage, crystallisation of the anhydro- 
Jbase com m enced and after cooling the small, yellow prisms, m. p. 
140°, were collected (Found: in material dried at 95° in a high 
vacuum, C, 78*8; H, 5*6. requires C, 79*1; H, 5*5%). 

The base is soluble in water, the solution being colourless and 
having an alkaline reaction. Aqueous acid solutions do not exhibit 
fluorescence. The base combines with methyl iodide to form a 
nearly colourless salt, which with silver oxide gives an alkaline, 
faintly fluorescent solution. The methohydroxide so obtained is 
precipitated by the addition of sodium hydroxide and e xhi bits no 
tendency to give an anhydro-base. 

^ f -Aminopiperonylideneoxi?idole (VIII),—Aqueous potassium 
hydroxide (8 c.c. of 60%) was added to a cold solution of oxindole 
(8 g.) and 6-aminopiperonal (3*2 g.) in methyl alcohol (40 c.c.). 
The precipitate of fine, orange needles which formed when the 
darkened liquid was stirred was washed with methyl alcohol, dried 
at 100°, and twice crystallised from ethyl alcohol to remove persistent 
inorganic contamination. The deep orange needles (3*1 g.) obtained 
decomposed at 226° (Found : C, 68-3; H, 4*7. C 16 H 12 0 3 N 2 requires 
C, 68*6; H, 4*3%). The base is to some extent soluble in boiling 
water to an orange solution, it is freely soluble in acetic acid or 
nitrobenzene and sparingly soluble in benzene. The min eral acid 
salts are sparingly soluble, pale yellow, crystalline substances. 
The picrate crystallises from ethyl alcohol in deep yellow needles, 
which darken at 235° but do not melt at 300°. The orange solution 
in sulphuric acid is not fluorescent, but if the salts of the base are 
decomposed by alkali and the product is dissolved in sulphuric 
acM, the solution exhibits intense bluish-violet fluorescence, which 
is clearly due to the formation of methylenedioxyquinindoline. The 
diazo-soluMon from the base is pale yellow and gives a crimson color¬ 
ation with alkaline p-naphthol. The methosulphate {§'-meihylamino- 
piperonylideneoxindok methyl hydrogen sulphate) was obtained in the 
following manner. The base (1*5 g.) was dissolved in nitrobenzene 
(30 c.c.) and toluene (30 c.c.), a solution of neutral methyl sulphate 
in toluene (10 c.c. of 75%) added to the boiling mixture, and the 
lamp removed. The derivative, which separated in a few minu tes 
as a flocculent precipitate of yellow needles, was crystallised from 
50% alcohol, washed with ether, and dried at 120° (1*2 g.) (Found: 
S, 7*8. C 18 H I8 0 7 N 2 S requires S, 7*9%). The salt darkens at 289% 
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but does not melt at 300°. It is sparingly soluble in water or ethyl 
alcohol, but more readily soluble in a mixture of the two. The 
open-chain structure is indicated chiefly by the fact that the solution 
in sulphuric acid is not at once, fluorescent, but on standing for a 
few minutes acquires a phenomenal bluish-violet fluorescence. 

10 : ll-Anhydro-1 : S-methylenedioxyquinindoline 10-Methohydr- 
oxide (IX).—The pale lemon-yellow needles that formed almost 
immediately when aqueous potassium hydroxide (10 c.c. of 60%) 
was added to the preceding methosulphate (1 g.) dissolved in boiling 
aqueous alcohol (80 c.c. of 50%) were crystallised from alcohol, in 
which they were moderately readily soluble, and dried in a vacuum 
at 120° (0*5 g.), the substance becoming deep orange whilst seeming 
to retain the crystalline structure (Found : C, 74-0; H, 4-5; N, 10*3. 
C 17 H 12 0 2 N 2 requires 0, 73*9; H, 4*4; IT, 10*2%). This base, 
m. p. 244°, is relatively stable and can be sublimed when carefully 
heated. It dissolves in sulphuric acid, the solution exhibiting a 
beautiful bluish-violet fluorescence. The mineral acid salts and the 
picrate crystallise in yellow needles. On boiling with water, rever¬ 
sion to the methohydroxide of the quinindoline derivative was 
observed. 

J?yA$-MethylphenyMiveratroisoharmyrine (X).—A solution of 
phenyldiveratroharmyrine (3 g.) (Lawson, Perkin, and Robinson, 
foe. tit .) in benzene (100 c.c.) was boiled with neutral methyl sulphate 
(3 g.) for 5 minutes, and the orange-yellow, crystalline product was 
washed with benzene, crystallised from ethyl alcohol (in yellow 
needles), and dried at 120° (Found : 0, 59*9; H, 5-2. C27H 28 O s N 2 S 
requires C, 60*0; H, 5*2%). In alcoholic solution, this salt exhibits 
bright green fluorescence. Its yellow, aqueous solution was decom¬ 
posed with sodium hydroxide, the scarlet precipitate washed with 
aqueous sodium hydroxide, dried in a vacuum, and dissolved in a 
considerable volume of hot benzene. This solution was dried with 
potassium hydroxide, and most of the solvent distilled, when the 
new base crystallised in bright scarlet, dense clusters of prismatic 
needles which darken above 140°, are chocolate at 240°, black at 260°, 
and melt at 264° with further decomposition (Found : in material 
dried at 110° in a high vacuum; C, 72*7; H, 5*7; If, 6-4. €265^404X2 
requires 0, 72*9; H, 5*6; N, 6*5%). The solution in neutral 
solvents such as ether or benzene has a fine violet fluorescence, but 
in alcohol or water the base gives a yellow solution with green 
fluorescence and has obviously reverted to phenyldiveratroharmy¬ 
rine methohydroxide. Its yellow solution in sulphuric acid exhibits 
intense yellowish-green fluorescence and becomes deep ivy-green 
on heating* The base forms a methiodide which is sparingly soluble 
in ethyl alcohol and crystallises in slender, short, microscopic. 
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yellow needles, m. p. 266—267°. This salt exhibits green fluores¬ 
cence in solution and gives no precipitate with ammonia or sodium 
carbonate in aqueous solution (solutions of the anhydro-base are so 
precipitated), whilst with sodium hydroxide in excess it gives a pale 
yellow precipitate of a stable methohydroxide, soluble in water. 

(1 : QyNaphth^iquinoline (XII).—p-Naphthaquinoline was 
nitrated according to Claus and Besseler (he. cit.), and the nitro- 
derivative reduced in the following manner : A solution of crystal¬ 
lised sodium sulphide (46 g.) in water (50 c.c.) was gradually added to 
a boiling solution of nitro-p-naphthaquinoline (16 g.) in aniline 
(100 c.c.), causing a vigorous reaction. The liquid was boiled for 
30 minutes, the aniline distilled in steam, and the residue crystal¬ 
lised from 30% aqueous alcohol, 8 g. of amino-(3-naphthaquinoline, 
m. p. 168°, being obtained. The diquinoline was obtained by the 
methods (A) and (B). (A) A mixture of amino-p-naphthaquinoline 

(13 g.), nitrobenzene (7-5 g.), sulphuric acid (20 g.) and glycerol 
(25 g.) was heated (oil-bath at 150—160°) during 6 hours. The 
base was rendered to ether (6 extractions), and the solution dried 
and concentrated to small bulk, when pale yellow needles (2*1 g.) 
slowly separated. The substance is sparingly soluble in ether, 
benzene, or alcohol (Found : C, 83-3; H, 4-6; N, 12*5. C 16 H 10 N 2 
requires C, 83*5; H, 4*4; N, 12*2%). 

(B) 5-Nitro-2-naphthylamine (3*4 g.) was gradually added to 
60% acetic acid (60 c.c.) and iron filings (10 g.) at the temperature 
of the steam-bath. When the red colour had disappeared, water 
(100 c.c.) was added, and the solution was boiled for 5 minutes and 
filtered into dilute sulphuric acid (150 c.c. of 25%); the colourless 
needles of 1 :6-naphthylenediamine sulphate obtained on cooling 
were dried (6*1 g.). A mixture of this sulphate (6 g.), nitrobenzene 
(4 g.), glycerol (16 g.), and sulphuric acid (16 g.) was heated (oil-bath 
at 155—165°) for 4*5 hours. The diquinoline was extracted from 
the solution, diluted and made strongly alkaline, by means of ether 
and 0*6 g. was ultimately obtained in colourless needles, by crystal¬ 
lisation from acetone. The substances prepared by methods (A) 
and (B) or a mixture of the two melted at 183*5—184*5°. Both 
specimens dissolve in dilute sulphuric acid, the colourless solutions 
exhibiting a bright blue fluorescence. Th e sulphate prepared from 
either of the specimens darkens above 250° and melts indistinctly 
at 268°. 

5:6-{2 : Z-Diphmylindolo) (6 : l)-quinoline (XIII).—An intimate 
mixture of amino-P-naphtbaquiiioline (7 g.), its dihydrochloride 
(Z g.), and benzoin (20 g.) was heated at 180—190° for 4 hours. 
The product was extracted by boiling benzene (150 c.c.) for 10 
and the reddish-brown residue was separated from the hot 
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solution and triturated with aqueous potassium hydroxide. The 
isolated, washed, and dried product crystallised from nitrobenzene 
(50 c.e.) in colourless platelets (4 g.), which began to decompose at 
298° (Found : C, 88*0; H, 5*0; N, 7*9. C 27 H 18 N 2 requires C, 87-6; 
H, 4*9; N, 7*6%). This base is very sparingly soluble in most 
organic solvents and forms very sparingly soluble, yellow salts with 
mineral acids. The solution in sulphuric acid exhibits green 
fluorescence which is persistent on dilution with water. When a 
trace of sodium nitrite or potassium dichromate is added to the 
sulphuric acid solution, an intense emerald-green coloration is 
developed. The acetate crystallises from glacial acetic acid in yellow 
needles decomposing above 300° (Found: C, 77*5; H, 5*4. 
C 27 H 18 N 2 ,C 2 H 4 0 2 ,H20 requires C, 77*7; H, 5-4%). A 75% solution 
(20 c.c.) of methyl sulphate in toluene was added to a boiling solu¬ 
tion of the base (2 g.) in nitrobenzene (60 c.c.), the source of heat 
removed, the mixture cooled, ether added (200 c.c.), and the pro¬ 
duct (2*6 g.) crystallised from boiling alcohol, the methosulphate 
being obtained in intense yellow needles which become scarlet at 
about 165°; it is almost insoluble in boiling water (Found ; S, 6*3, 
C 29 H 24 0 4 N 2 S requires S, 6*5%). The decomposition of this metho¬ 
sulphate by alcoholic potassium hydroxide gave a crimson precipitate 
of microscopic needles, m. p. 225° (decomp.) if quickly heated, but 
we were unable to reach a definite conclusion in regard to the nature 
of the substance. It is reconverted by mineral acids into yellow, 
crystalline salts. 

2 : 3 -DimethoxyindopheTiazine (XIV).—This substance was readily 
obtained by a slight modification of the method employed by 
Sehunck and Marchlewski in the preparation of indophenazine 
(Ber., 1895, 28, 2528). 4 : 5-Dinitroveratrole (8 g.) was reduced in 
boiling acetic acid solution (200 c.c. of 50%) by the addition of zinc 
dust. When the colour changed from red to pale yellow, the 
solution was filtered and added to isatin (5 g.) dissolved in boiling 
acetic acid (125 c.c. of 20%). The yellow precipitate was collected 
after 5 minutes, washed with hot water, and dried at 150° (5*1 g.). 
The substance is readily soluble in hot nitrobenzene; it is sparingly 
soluble in boiling ethyl acetate or toluene, and separates from the 
latter in slender, yellow needles, m. p. 284° (Found: C, 68*8; 
H, 5*0; N, 15*1. requires C, 68*8; H, 4*7; N, 15*0%). 

The neutral solutions have a violet-blue fluorescence and the cherry- 
red solution in sulphuric acid becomes deep purple on the addition 
of a trace of sodium nitrite or potassium dichromate. Mineral acid 
salts are bright yellow; the hydrochloride , m. p. 290° (decomp.), 
dissolves in water, the solution being yellow with green fluorescence, 
and in concentrated hydrochloric acid forming a blood-red. solution. 
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The picrate crystallises from acetone in pale yeEow needles, m, p. 
254°. The methosulphate crystallised in large, flat, rectangular 
prisms on cooling a mixture obtained by the addition of a solution 
(100 c.c. of 75%) of methyl sulphate in toluene to a hot solution of 
the base (1*5 g.) in nitrobenzene (30 c.c.); a further quantity was 
precipitated by ether, the total yield being 2 g. The derivative 
crystallises from methyl alcohol in prisms, m. p. 247° (Found: 
S, 7*7. C 18 H 19 0 6 N 3 S requires S, 7*9%). It is readily soluble in 
water, the solution exhibiting blue fluorescence, and is more spar¬ 
ingly soluble in alcohol. 

2 : S-Dimethoocy-5 (or ll)-methylisQindopJienazim(KV ).—Potassium 
hydroxide (15 c.c. of 50%) was added to a boiling solution of the 
dimethoxyindophenazine methosulphate (2*7 g.) in 50% alcohol 
(60 c.c.). The deep red solution, on cooling, deposited voluminous, 
slender, scarlet needles which were washed with ether and dried at 
120° (2*4 g.). The substance can be crystallised by careful addition 
of light petroleum to its benzene solution in scarlet needles sintering 
at 257° and melting at 261°, or from alcohol containing potassium 
hydroxide in scarlet prisms (Found: C, 69*3; H, 5*3; N, 14*4. 
Ci 7 H 15 0 2 hT 3 requires C, 69*6; H, 5*1; N, 14-3%). This base is 
moderately readily soluble in ethyl acetate or benzene, very readily 
soluble in chloroform, and sparingly soluble in ether. Like the 
parent dimethoxyindophenazine, it can be sublimed by careful 
heating in a tube. On boiling with water, an orange solution is 
obtained, and this becomes yellow after the addition of an acid. 
The methiodide crystallises in deep yellow needles, m. p. 205° 
(decomp.). If the dimethoxyindophenazine methosulphate is 
decomposed by potassium hydroxide in 50% alcohol in the cold, 
and the precipitate crystallised from the same solvent, slender, 
yellow needles, m. p. 278° (decomp.), of the meihohydroxide are 
obtained (Found : C, 65*7; H, 5*2. C 17 H 17 0 3 N 3 requires C, 65*6; 
H, 5*5*%). This substance is moderately readily soluble in hot 
water, forming a yellow solution. JDimethoxymethylisoindophenazine 
dimethosulphate was obtained when a mixture of the anhydro-base 
(1*5 g.), methyl sulphate (10 c.c. of a 75% solution in benzene), and 
benzene (50 c.c.) was boiled until the red colour had completely dis¬ 
appeared. The precipitated yellowish-green, microscopic needles 
were washed with ether and dried at 100° (1*5 g.). The substance is 
very readily soluble in water and somewhat readily soluble in alcohol, 
from which it crystallises in orange needles, m. p. 238° (Found: 
S, 11*6, C 551 H 27 0 1(> N 3 S 2 requires S, 11-7%). The solutions of the 
salt exhibit green fluorescence. 

2: Z-JDime&h&xyS-meihyliridophen^ 11 (or ^Meihohydroxide 
|| Aqueous potassium hydroxide (10 c.c. of 50%) was added 
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to a hot solution of the preceding dimethosulphate (1 g.) in 50% 
alcohol (40 c.c.), when a momentary darkening occurred, giving place 
almost at once to an orange-yellow colour. The hot filtered solution 
soon deposited glistening, yellowish-orange needles (0*6 g.) and 
after recrystallisation from alcohol the substance melted at 164° 
(Found: C, 66*3; H, 6*0; N, 13*2. C 18 H 19 0 3 N 3 requires C, 66*4; 
H, 5*9; N, 12*9%). The same substance was obtained by decom¬ 
position of dimethoxydimethylindophenazomum iodide. It is 
readily soluble in benzene, chloroform, alcohol, or acetone, sparingly 
soluble in alcohol or ether, and insoluble in light petroleum. The 
orange-yellow solution in dilute acids exhibits green fluorescence and 
the yellow solution in sulphuric acid becomes red when gently heated. 
Curious results followed on an attempt to introduce a third methyl 
group into the molecule. The base (0*5 g.), m. p. 164°, was heated 
in boiling benzene solution (16 c.c.) with methyl sulphate (4 c.c. of 
75% solution in benzene) for 10 minutes. The dark brown oil which 
separated solidified on scratching and was collected and decomposed 
by aqueous-alcoholic potassium hydroxide. The product crystal¬ 
lised from aqueous alcohol in nearly colourless, silky needles, m. p. 
85° (0*27 g.) (Found: C, 66*2; H, 6*2%). The compound appears 
to be different from the initial isomeride. It is much more soluble 
than the latter (m. p. 164°) and has a lower m, p. Possibly a methyl 
group has migrated to a new position, a suggestion which is clearly 
free from theoretical difficulty. 

7 -MetlwxyA-phenylJiavylium Salts (XIX).—Ahhydro-7-hydroxy- 
2 : 4-diphenylbenzopyranol (1:4) (1*5 g.), methyl sulphate (15 c.c. 
of a 75% solution in benzene), and benzene (50 c.c.), all of which 
had been carefully dried, were mixed and the liquid was boiled until 
the red colour had changed to orange-yellow. On cooling, pale 
yellow, glistening needles separated, and these were washed with 
ether and dried (1*2 g.) (Found: S, 7*4. CyS^OgS requires 
S, 7*5%). This methosvlphate , m. p. 179°, is readily soluble in 
alcohol, acetic acid, acetone, or hot dilute hydrochloric acid, forming 
yellow solutions which exhibit very intense bluish-green fluorescence. 
The salt is to some extent hydrolysed by water. Addition of ether 
to the original mother-liqupr from the preparation precipitates a 
yellow, amorphous substance (S, 9*1%), which behaves in the same 
maimer as the methosulphate with solvents and in the preparation 
of the ferxichloride. The latter, namely, 7 -methoxy-^phewyl- 
fiavylium ferrichforide, was prepared in the usual maimer and crystal¬ 
lised from acetic acid in feathery, yellow needles, m. p. 191° (Found: 
0, 51*8; H, 3*1. C 22 H 17 0 2 Cl 4 Fe requires C, 51*7; H, 3*3%). The 
salt was prepared for comparison from 7-hydroxy-2 :4-diphenyl¬ 
benzopyranol dimethyl ether (Bulow and Sicherer, Ber., 1901, 34, 
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2380), and a mixture of the specimens melted at 190—191°. The 
m. p., 185°, previously given for this ferrichloride (Crabtree, 
Robinson, and Turner, J., 1918,113, 877) is too low. This substance 
gives a negative result in a Zeisel estimation, probably on account 
of the insolubility of the iodide, and after the addition of phenol the 
production of methyl iodide could be observed. 

The authors’ thanks are due to the Department of Scientific and 
Industrial Research for grants which enabled one of them (J. W. A.) 
to take part in the investigation. 

The Universities of St. Andrews 

and Manchester. [Received, April 6th, 1925.] 


CCXII .—The Nitration of m-Meconine. 

By Jnanendra Nath R£y and Robert Robinson. 

In 1917 Jones and Robinson (J., Ill, 905) directed attention to a 
number of benzene substitution reactions which appeared to show 
that when two identical groups such as aJkyloxy coexist in a mole¬ 
cule and direct substituents to different positions, the influence of the 
one which is in the o- or ^-position to a negative * group is weakened 
so that the other alkyloxy- or similar group controls the direction 
taken by the reaction. For example, in the nitration of 4-bromo-5- 
nitroveratrole, the nitro-group diminishes the directive power of 
the methoxyl (6) in the ^-position to a greater extent than that of 
(a) in the ra-position and therefore the latter induces substitution, 
apparently abnormally, ortho to nitroxyl. 

N0 2 

(а) MeO/NNO, Me0/\m> 

(б) MeOl^yBr MeOt^Br 

The criticisms of this hypothesis which have since been published 
have all been vitiated by the failure to recognise that the directing 
groups corresponding to (a) and (b) must be identical and therefore 
have been ignored, but, nevertheless, the development of the 
electronic theory of conjugation, whilst supplying the explanation 
of the phenomenon, also suggests a restriction to be placed on its 
scope. One of the most fundamental properties of oxygen and 
nitrogen, exhibited in carbon compounds, is expressed in terms of 
the electronic theory in the statement that bivalent oxygen and 

:' * At the time, such groups as NO a , C0 2 H, S0 3 H were called negative, 
and this is, of course, still permissible if the general polarity is the eircum- 
- stance which ought to be emphasised. 
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tervalent nitrogen tend to increase the covalency at their single 
bindings, especially when attached to unsaturated systems, whereas 
there is a tendency to reduce the covalency of doubly linked oxygen 
or nitrogen. The free electrons on the oxygen and nitrogen are 
diminished in number in the former case and augmented in the 
latter. These changes are represented by the schemes : 


R- 


n. 

O -0 


and 


R-C=0<^ 


In the first case, the oxygen becomes charged positively and in the 
second negatively. Now in the carbethoxyl and acid amide groups 
these tendencies can co-operate without disturbance of the octets 
and this is sufficient to explain the failure of the ester group to 



exhibit marked carbonyl reactivity and of the amide group to 
function as a strong basic centre. The positive charge on the carbon 
of the carbonyl group is neutralised from the chain and so does not 
seek foreign negative ions, whilst, in the amide group, the free 
electrons in the nitrogen octet are equally occupied in the chain to 
some extent; and it is these free electrons which impart the basic 
properties to ammonia. A similar neutralisation of the functions 
of groups like RO and C=0 can occur if these are separated by an 
even number of unsaturated atoms (compare Chemistry and Industry 
Review , 1925, 44, 18, 456), because in that case polarisation is 
possible without producing charges on intermediate atoms of the 
chain and without disturbing the octets.* We can therefore well 
understand the partial neutralisation of the directive power of 
methoxyl by a nitroxyl group situated in the ^-position to it as 
shown in the annexed expression and, further, we suggest that the 



neutralisation considered by Jones and Robinson is always of this 
type. At present the effect can be predicted with confidence only 
when the directing group is derived from -OH, -NHg, or -SH and 

* We use the octet theory here, as always, in order to give a standard of 
numerical comparison. It does not affect the theory if the stable electronic 
configurations have more or less than 8 electrons, provided that the number 
tends to remain constant. 
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when the neutralising group is of the type -N0 2 , -CO-R, etc. 
Certainly C0 2 H is not such a group, being, as explained above, a 
self-contained assemblage. On the other hand, the carbonyl of 
phthalide is beyond doubt a more activating carbonyl than the 
carbonyl of an ordinary ester group. This is shown by condensation 
reactions of the methylene group in the ortho-position and on our 
theory means that the —CO—0- complex is not so completely satisfied 
in itself as it is in a typical ester. Therefore a similarly situated 
-CO—NH— should contain a more basic nitrogen atom than that of 
an ordinary amide; and this is the case, for phthalimidine has 
definite basic properties. 

The opportunity to test this matter arose when Edwards, Perkin, 
and Stoyle {this vol., page 198) described an elegant synthesis 
of m-meconine (I) by the condensation of veratric acid with 
formaldehyde in presence of hydrochloric acid. 


(I.) 


CO 

"“f'Y'o 


MeO! 


W 

CH a 


Me' 

MeO! 


NO, CO 

<x> 

OH, 


(II.) 


As demanded by the theory which has been discussed above, 
this substance gives on nitration its 6-nitro-deriv&tive (IE), and we 
venture to suggest that such a result cannot be satisfactorily 
explained on any theory of the mechanism of aromatic substitution 
which is not based on electronic conceptions of valency. The 
constitution of (II) was proved by its conversion into a correspond¬ 
ing broino-m-meconine, which is also obtained by applying the 
method of Edwards, Perkin, and Stoyle to 2-bromoveratric acid, the 
orientation of the groups in the molecule of which has been placed 
beyond question. Hope and Robinson (J\, 1911, 99, 1163) showed 
that phthalide contains a reactive -CH 2 - because it condenses with 
cotarnine to form anhydrocotaminephthaMe. The poor yield was 
improved and became almost quantitative when a nitroxyl was 
introduced into the o- or ^-position to the methylene group. The 
condensation is also facilitated, although to a less striking extent, 
when a nitroxyl group is introduced in the m-position to the methylene 
group (compare P., 1911, 27 , 229). A new example of this pheno¬ 
menon is now forthcoming, since we are able to prepare anhydro- 
coiamine-nitro-m-meconiTie by a direct condensation of the com¬ 
ponents indicated. 

EX PE BIMENTAL. 

Preparation of m-Meconine (I).—The method of Edwards, Perkin, 
and Stoyle (foe. cit.) gives improved yields if the following slight 
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modification is adopted. A solution of veratric acid (50 g.) in hot 
acetic acid (250 c.c.) is, after the introduction of concentrated hydro¬ 
chloric acid (200 c.c.) and aqueous formaldehyde (60 c.c. of 40%), 
heated on the steam-bath for 12 hours, cooled, tarry matter pre¬ 
cipitated by the addition of a little water, and the brown liquid 
treated with charcoal, filtered, and concentrated in a vacuum to 
about one-fifth of its volume. Further tarry material is precipitated 
from the hot solution by addition of not too much water, and, after 
filtration, m-meconine is thrown down by further dilution with water 
and neutralisation with sodium carbonate. The m-meconine, 
crystallised from aqueous ethyl alcohol, has m. p. 155° and the yield 
averages 30 g. 

5-NitroA : 5-dimethoxyphthalide (II).—m-Meeonine (13 g.) was 
gradually added with agitation to nitric acid (22 c.c.; d 1*42) at 
0°; after a few hours the mixture was added to water, and the 
precipitate collected and extracted with boiling alcohol (30 c.c.). 
The residue crystallised from boiling acetic acid in colourless needles, 
m. p. 183—184° (yield 6—7 g.) (Found : C, 50*4; H, 3*4. 
requires C, 50*2; H, 3*7%). This substance is sparingly soluble 
in hot alcohol and exhibits the behaviour of a lactone. Unlike 
nitromeeonine, it does not give an intense coloration on treatment 
with hot alkaline solutions and this is clearly due to the fact that 
the methylene and nitroxyl groups are in the m-position to each 
other. 

Anhydrocotamine-6-nitroA : 5-dimethoxyphthalide, 


MeO CH- 




—A mixture of nitro-m-meconine (3 g.), cotarnine (3 g.), and ethyl 
alcohol (300 c.c.) was boiled for 1*5 hours and then concentrated 
to one-fourth of its bulk and cooled. The crystalline deposit was 
isolated, treated with glacial acetic acid, and, after dilution with 
water and filtration, the base was precipitated by means of ammonia* 
collected, washed, and dried (2*5 g.). The base is very sparingly soluble 
in most neutral organic solvents and is best crystallised from boiling 
toluene-alcohol, from which it separates in well-defined, rectangular 
plates, m. p. 200° (decomp.) (Found: C, 57*8; H, 4*7, 4-8, 5-5; 
^ 22 ^ 22 ^ 9^2 requires C, 57*6; H, 4*8%), The base is readily soluble 
in dilute hydrochloric acid and acetic acid to a colourless solution. 
It is stable to hot dilute hydrochloric acid, but is gradually decom¬ 
posed by boiling acetic acid with formation of cotaminium acetate 
vol. oxxvn. * ; 3 |£ 
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and nitro-m-meeonine. It is, however, much more stable to hot 
acetic acid than anhydrocot^mine-nitromeconine; ease of formation 
and ease of decomposition going together in this series as in most 
others. 

6- Amino -4 : 5-dimethoxyphthalide. —Nitro-m-meconine (11 g.) was 
gradually added to a hot solution of crystallised stannous chloride 
(35 g.) in concentrated hydrochloric acid (65 c.c.), when a clear 
liquid resulted, and the reaction was completed by heating on the 
steam-bath for 30 minutes. After dilution with water (250 c.c.) 
the cooled solution deposited crystals, which were isolated and 
treated with sodium bicarbonate in hot aqueous suspension. The 
substance crystallised from aqueous alcohol in colourless, feathery 
needles, m. p. 158° (yield about 6 g.) (Pound : C, 57*0; H, 5*3. 
C 10 HiiO 4 ]Sf requires C, 57*4; H, 5*3%). The amine is readily 
soluble in concentrated hydrochloric acid, but is precipitated on the 
addition of water. In suspension in dilute hydrochloric acid it 
can be diazotised, giving a bright yellow diazonium salt, which 
couples with p-naphthol to form a red azo-compound. 

§-Bromo-4z : 5 -dimethoxypJithatide .—(A) A solution of amino-m- 
meconine (6 g.) in 6% hydrochloric acid (60 c.c.) was diazotised at 
0° and added to a solution of cuprous bromide (prepared from 2*4 g. 
of copper sulphate, potassium bromide and sulphur dioxide) in 
hydrobromic acid (4 c.c.; d 1-49). The reaction was completed by 
heating, and, after cooling, the precipitated solid was collected and 
crystallised from boiling water containing a little alcohol. The 
almost colourless, prismatic needles had m. p. 223°, alone or mixed 
with a specimen prepared by the following method. 

(B) A mixture of 2-aminoveratric acid (7*1 g.) (Pschorr and 
Sumuleanu, Ber., 1899, 32, 3410), water (50 c.c.), and concentrated 
hydrochloric acid (10 c.c.) was treated at 0° with sodium nitrite 
(2*7 g. in water, 20 c.c.), the clear diazo-solution added to one of 
nuprous bromide (from 2*4 g. of copper sulphate) in hydrobromic 
ac£d ^4 c.c.; d 1*49), and the reaction completed by heating on the 
steam-bath, evolution of nitrogen being first observed at 80°. The 
crude 2-hromoveratric acid which separated on cooling was 
crystallised from hot aqueous acetic acid and had m. p. 200° (yield 
4—5 g.}. Zincke and Prancke (Annalen, 1896, 293, 187) give m. p. 
201°, their initial material being hemipinimide (compare Kuhn, 
Ifer., 1895, 28, 810). 

A mixture of 2-bromoveratric acid (4 g.), aqueous formaldehyde 
(5*5 e;c. of 40%), concentrated hydrochloric add (20 c.c.), and acetic 
add (30 c.c.) was heated on the steam-bath during 10 hours. The 
product was added to water (250 c.c.), the precipitate of unchanged 
acid removed, and the filtrate concentrated to about 50 c.c. in a 



THE SYSTEM SODIUM STJLPHITE-SODitJM HYDROXIDE— WA TER . 1623 

vacuum and then neutralised with solid sodium bicarbonate. The 
solid which gradually separated crystallised from boiling water 
containing a little alcohol in colourless, prismatic needles, m. p. 
223° (Found: C, 44*3; H, 3*1. C 10 H 9 O 4 Br requires C, 43-9; H, 
3-3%). 

The University, Manchester. [Received, May IZth, 1925.] 

CCXIII .—The System Sodium Sulphite-Sodium 
Hydroxide-Water . 

By Dalziel Llewellyn Hammick and John Alexander Currie. 

A study of this system was undertaken in order to find out the 
nature of the solid phases in equilibrium with solutions containing 
sodium sulphite and hydroxide. As our object was this, rather than 
the exact form of the solubility curve showing the amount of solids 
in solution, we did not aim at an accuracy of more than ± 0*5% 
in our analyses. 

Sodium sulphite was prepared by passing sulphur dioxide into a 
solution of A.R. sodium carbonate (The British Drug Houses), 
precautions being taken throughout that air should not come into 
contact with the solution. Slightly more sulphur dioxide was 
passed in than would be sufficient to form the sulphite, in order 
to eliminate the danger of a double salt of sulphite and carbonate 
crystallising. Any hydrogen sulphite that might thus be formed 
would be turned into the normal salt when mixed with the soda 
solution in the solubility vessel. In practice, it was found that the 
normal salt came down under these conditions. The solution thus 
prepared was transferred, in contact with hydrogen only, to an 
electrically heated glass evaporator through which was .passed a 
current of purified hydrogen. When a good crop of crystals had been 
deposited, the liquid was drained off, the crystals were washed and 
dried in an atmosphere of hydrogen, and stored in a vacuum desic¬ 
cator over soda sticks. 

The salt was toted for sulphate and rejected if any was found 
to be present. It was then analysed as sulphate, no specimen 
being used that had S0 3 lower than 63*2%, theory requiring 63*47%. 

Sodium hydroxide. For the preparation of solutions up to 20% 
N&GH Cornog’s method was used (J. Amer. Chem. Soc ., 1921, 43, 
2573). For stronger solutions we took advantage of the fact that 
from very strong solutions of sodium hydroxide nearly aH the car¬ 
bonate present is precipitated (Freeth, Phil. Trans., 1922,223, 35). 
By allowing saturated solutions of the best soda sticks (The British 

3 E 2 
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Drug Houses) to reach equilibrium at a temperature slightly above 
that of the isotherm we were studying, we obtained a solution of 
sodium hydroxide on filtering that was as strong as we required and 
that gave no precipitate with barium chloride solution. The 
suspensions complained of by Freeth were not observed, the solu¬ 
tion being quite clear after filtering through Gooch asbestos. 

Water. All water used in preparing the materials and making 
up solutions was distilled and then boiled under reduced pressure 
for | hour. 

Solubility Determinations .—Complexes of approximately known 
composition were made up in one of two kinds of vessel. When the 
strength of the sodium hydroxide in solution did not exceed 25%, 
we used very wide test-tubes of Duro resistance glass closed by tight- 
fitting rubber stoppers through which a stirrer passed, fitted with a 
mercury seal. For stronger solutions, a silver vessel was employed 
similar to that used by Freeth (loc. cit.). Glycerol was used as a 
seal and lubricant, precautions being taken that none of it should 
leak into the solution. 

The vessels were placed in an ordinary gas-regulated thermostat 
for the isotherms at 20°, 25°, and 32°, the temperature of which did 
not vary by more than ± 0-1°. For the isotherm at 0*15°, ice was 
placed in a well-lagged thermostat, and kept near the bottom with 
wire netting. The thermostat was then filled with water and kept 
well stirred; by this means and by renewing the ice every 48 hours 
the temperature never varied by more than 0*05°. 

After equilibrium had been obtained—about 24 hours for weak 
solutions and 36—48 for strong ones was found to be sufficient— 
the contents of the vessel were rapidly transferred to a filter. This 
was' so designed that the separation of the solution and moist solid 
could be carried out in the thermostat, a precaution found to be 
necessary when the soda content of the solution was either very weakr 
or very strong. The whole operation was carried out as rapidly 
as possible. 

Analysis. —After they had been weighed, the solutions and moist 
solids were mad© up in water to suitable volumes, portions of which 
were analysed. The sulphite was first oxidised to the sulphate by 
treatment with pure hydrogen peroxide solution and after standing 
a short time the excess of peroxide was decomposed by boiling. 
The sulphite was then estimated as barium sulphate and the 
hydroxide by titration, the water being obtained by difference. 
The results were plotted by the usual Schreinemakers method on a 
triangular diagram (see Figs. 1 and 2). 

Besvlts. —The isotherms at 0*15° and 32° are shown in the 
diagrams. The isotherms at 20° and 25°, being of the same general 
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form as that at 0-15°, have not been shown. The figures are given 
below. Compositions are given in weight per cent. 


Liquid. 


NaOH. 

Na s SO a . 

. 

12-2* 

3*0 

9*0 

9*0 

5*2 

16*9 

2*8 

21*9 

2*21 

23*3 

2*2 

25*4 

1*3 

26*6 

0*7 

27*1 

0*4 

27*9 

0*1 

29*1 

0*1 

29*5f 

—. 


21*2* 

1*6 

18*7 

4*4 

15*4 

8*3 

12*0 

9*9 

11*0 

11*6 

9*9 

12*2 

9*6 

12*7 

9*4 

13*4 

9*2 

14*0 

9*0 

13*8 

8*6 

15*5 

7*0 

16*0 

6*7 

20*2 

3*5 

24*9 

1*1 

26*8 

1*0 

36*3 

0*1 

50*1 

Trace 

52*2f 

— 


23*6* 

0*7 

22*5 

2*5 

19*3 

5*0 

17*7 

9*7 

13*0 

9*8 

13*2 

9*6 

13*8 

12*2 

10*2 

12*6 

10*1 

14*2 

8*2 

17*2 

5*8 

20*7 

2*9 

20*7 

2*5 

25*2 

1*0 

28*7 

0*5 

29*4 

0*3 

42*7 

0*1 

43*9 

Trace 


Isotherm at 0-15°. 


Residue. 


NaOH7 

Na 3 S0 3 . 

0*8 

43-9 

1*9 

41-3 

2*4 

44-5 

2*3 

44-9 

3*7 

55-3 

6*4 

76-0 

3*6 

87-5 

6*6 

75-3 

35*5 

0-9 

Isotherm at 20°. 

0-3 

47*4 

3*3 

37*4 

0*2 

68*3 

1*1 

77*4 

1*0 

95*5 

3*8 

87*0 

5*6 

85*2 

8*3 

82*1 

Isotherm at 25°. 

0*3 

48*4 

0*8 

47*1 

1*7 

42*1 

0*1 

56*3 

0*7 

92*8 

0*5 

95*1 

2*9 

86*8 


53*3t — — — 

* Lewis and Rivett, J., 1924,125, 1156. f 


Composition of solid 
phase in water. 
Na 2 S0 3 ,7H 2 0 
11 
11 
19 

Na 2 S0 3 ,7H 2 0 and Na 2 S0 3 
Na 2 S0 3 
» 

>9 

Na 2 S0 3 and Na0H,4H 3 0 
Na0E,4H 2 0 


Na 2 S0 2 ,7H 2 0 

11 

11 

11 

19 

99 

Ra 2 S0 3 ,7H 2 0 and Na 2 S0 3 

11 91 

Na 2 SD 3 

ii 

91 

91 

19 

91 

NaOH,H 2 0 


Na 2 S0 3 ,7H 2 0 

11 


91 

Na 2 S0 s ,7H 2 0 and Na 2 S0 3 

11 91 

Na 2 S0 3 

91 

99 

11 

11 

' 91 ■ . 

NaOH,H 3 0 

Pickering, J.» 1893, 63, 890. 
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Isotherm at 32°. 


Liquid. 

ftesidue. 

Composition of solid 
phase in water. 

NaOH. 

Na 2 S0 3 . 

NaOH. 

NajjSOg . 

— - 

26 * 5 * 

— 

— 

Na 2 SO s 

0*6 

26*4 

— 

— 


2*3 

23*1 

0*1 

89*0 

»» 

5*1 

19*1 

0*1 

89*0 

?> 

7*6 

15*7 

— 

— 

»> 

1 M 

11*2 

0*8 

93*6 

99 

16*5 

5*4 

0*8 

95*4 


20*1 

2*9 

2*1 

90*5 

99 

27*2 

0*6 

2*3 

92*0 

91 

36*2 

0*1 

6*0 

83*1 

»> 

51*8 

0*001 

9*0 

81*6 

93 

54 * 4 f 

— 

— 

— ■■ 

NaOH,H a O 


* Lewis and Kivett, J., 1924,125, 1156. f Pickering, J,, 1893,63, 890 

H z 0. 



Nu 2 S 0 3 NaOH. 

B 9 I. 

The isotherm at 0T5° is shown in Fig. I. The results obtained at 


20° and at 25° give curves resembling Fig. I except that the hetero¬ 
geneous region JSTa^Og^&jO-S-I becomes smaller; in this region 
complexes separate into solutions of concentrations along S-I and 
sodium sulphite heptahydrate. Solutions of compositions given 
by I-H are in equilibrium with anhydrous sodium sulphite. The 
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point H, which lies very close to the side H 2 0-NaOH (the solubility 
of sulphite being very small in excess of sodium hydroxide) represents 
the composition of the liquid in equilibrium with anhydrous sodium 
sulphite and sodium hydroxide tetrahydrate. Similar points were 
not realised experimentally at the other temperatures. 

The isotherm at 32*0° (Fig. II) shows that at that temperature 
sodium sulphite heptahydrate cannot exist in contact with any 
aqueous solution. This is in accordance with the results obtained 
by Lewis and Rivett (J., 1924,125, 1156), who found the transition 



point between anhydrous and hydrated sodium sulphite to lie at 
31-5°. The fact that heptahydrate appeared as a solid phase in the 
isotherm at 25° is in conflict with the result obtained by Hartley 
and Barrett (J., 1909, 95, 1178), who record 22° as the transition 
point. Recently, however, Foerster, Brosche, and Norberg-Schulz 
(Z. physikal. Chem., 1924,110, 450), as the result both of solubility 
measurements and dilatometer experiments, have concluded that 
the transition point lies at 334°. 

The above discrepancies seem at first sight hard to reconcile. 
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Lewis and Eivett (loc. cit.) have, however, established the fact that 
anhydrous sulphite may exist in more than one metastable solid 
phase, particularly in the presence of sodium sulphate, which 
appears in solid solution in the sulphite crystals. Different solid 
phases in equilibrium would readily account for the comparatively 
small difference between the transition point found by Foerster and 
by Lewis and Eivett. Moreover, the latter workers record (foe. cit., 
p. 1166) a temperature of 39° as the transition point between one 
form of anhydrous sulphite and the hydrated form; this temperature 
is almost as much above Eivett and Lewis’s value for their most 
stable form as Barrett and Hartley’s is below. It therefore does 
not seem impossible that Barrett and Hartley really obtained the 
most stable form of anhydrous sulphite and that their transition 
temperature of 22° represents the true transition point. 

The authors wish to thank Messrs. Brunner Mond & Co. for a 
grant which has partly covered the cost of this investigation. 

The Dyson Perrins Laboratory, 

Oxford. [ Received , May 29th, 1925.] 


CCXIV ,—Oxidation Products of Oleic Acid . Part I. 
Conversion of Oleic Acid into Dihydroxystearic 
Acid and the Determination of the Higher Saturated 
Acids in Mixed Acids from Natural Sources . 

By Arthur Lapworth and Edward Neville Mottram. 

The authors have suggested that an accurate estimation of higher 
saturated acids in a sample of oleic acid might be carried out by 
oxidation methods (. Biochem . J,, 1925, 19, 17, footnote). 

Hazura and Griissner (Moimtsh., 1888, 8, 180) were able to detect 
oleic add in mixtures by oxidising it to dihydroxystearic acid, 
lamed (J., 1898, 73, 627), Le Sueur (J., 1901, 79, 1318), and Nicolet 
{J* Amer. Chem. Soc., 1922, 44, 1139) investigated the conversion 
of oleic into dihydroxystearic acid, but obtained results which 
clearly indicate that their experiments were not made under very 
favourable conditions. Edmed (foe. cit.) stated that practically 
quantitative yields of the dihydroxy-acid can sometimes be obtained, 
but unfortunately gave no clue to the necessary conditions. 

Eobinson and Eobinson (this voL, p. 177) obtained excellent 
yields of the dihydroxy-acid by oxidising in dilute alkaline solution 
at 0°. Based on that observation, privately communicated some 
three years ago, a long series of systematic experiments has been 
carried out by the present authors and it is now possible to state 
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that the conditions essential for the nearly perfect conversion of 
oleic acid into dihydroxystearic acid are : (1) a low temperature 
(0—10°) during the oxidation process; (2) a concentration of oleic 
acid (in the form of its sodium or potassium salt) not exceeding 0*1% ; 
(3) a concentration of the added aqueous permanganate solution 
not exceeding 1%; (4) a very short period of reaction, 5 minutes 
being sufficient for oxidation of nearly the whole of the oleic acid 
present; * (5) a slight excess of alkali should be present from the 
beginning of the oxidation, otherwise there is a danger of hydroxy- 
ketostearic acid being formed. 

The observations can be applied to the analysis of comparatively 
impure samples of oleic acid, and in particular to the estimation of 
the proportion of all saturated fatty acids which are not volatile 
in steam, as, for example, stearic, palmitic and myristic acids. Even 
when much linolic or linolenic acid is present, their oxidation 
products (namely tetrahydroxy- and hexahydroxy-stearic acids) 
being insoluble in cold light petroleum and their degradation products 
either insoluble in light petroleum or volatile in steam, it seems 
probable that the method can be modified so as to afford a simple 
means of isolating the higher saturated fatty acids present in the 
mixed acids from many natural sources. 

Detailed Analytical Method .f—The clear solution of sodium salts 
obtained by warming about 5 g. of the “ oleic acid 55 on the water- 
bath with an equal weight of caustic soda, dissolved in 500 c.c. 
of water, is cooled, 4 litres of ice-cold water are added, and the 
whole is well shaken at 10° while 400 c.c. of 1% potassium per¬ 
manganate solution are added quickly. After 5 minutes, the liquid 
is decolorised with sulphur dioxide, and concentrated hydrochloric 
acid (150 c.c.) added. The white, floeculent precipitate (A) of crude 
solid dihydroxystearic acid is drained for a short time, washed with 
about 50 c.c. of light petroleum (this greatly accelerates its subsequent 
drying: the petroleum washings are reserved ),l and dried to a 
constant weight at the ordinary temperature in a vacuum desiccator. 

* It is not desirable to submit the resulting dihydroxystearic acid to 
further action of the permanganate, and if it is desired to obtain the most 
precise results, a further conversion of the very small quantity of unchanged 
oleic acid is necessary and it is best to proceed as hereinafter described. For 
many purposes the results obtained by omission of the second oxidation 
process would be accurate enough. 

f The solubility of dihydroxystearic acid in petroleum (b. p. 80—100°) is 
not more than 0*002 g. in 100 c.c. at 15°, and therefore negligible in applying 
this method. 

t The aqueous filtrate contains no appreciable quantities of higher fatty 
acids, but does contain about 0*15 g. of products of lower molecular weight, 
such as nonoic, octoic, azelaic and suberic acids, formed by breaking down 
of a small fraction of the dihydroxystearic acid. 

3e* J-y.J % 
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It is now extracted with 100—150 c.c. of warm light petroleum 
(b. p.. about 70—80°), the whole cooled, filtered, and the residue 
(B) of nearly pure dihydroxystearic acid washed with several 
successive quantities of cold solvent. The petroleum extracts and 
washings are united and evaporated.* 

The residue left on evaporation of the petroleum extracts is dis¬ 
tilled with steam to remove traces of volatile fatty acids, and treated 
with low-boiling petroleum. This readily extracts the non-volatile 
acids, which, after evaporation of the solvent, are heated on the 
water-bath until constant in weight. On cooling, the residue (D) 
sets to a waxy solid and represents the higher saturated fatty acids 
present in the original sample of 44 oleic acid.” f 

Examples .—(1) A sample of oleic acid, O l3 was isolated from olive 
oil and purified through the barium salt (Lapworth and Mottram, 
foe. tit.). Its <s first setting-point ” (foe. tit.) was 12*55° and a break 
in the setting-point curve of its mixtures with pure palmitic acid 
took place with 4*7% of added palmitic acid. As the break corre¬ 
sponds with a total percentage 7*2 ± 0*5 of palmitic acid, O x con¬ 
sisted of 97*5 ± 0*5% of oleic acid and 2*5 ± 0*5% of palmitic acid. 

Results of analyses by the above method: (a) 4*97 g. and (b) 
3*06 g. of 0 1 gave 0*1 g. and 0*07 g., respectively, of higher saturated 
acids, or 2*0 and 2*25%. 

These three results agree very satisfactorily with one another. 
The weight of dihydroxystearic acid, free from fatty acids, obtained 
in (a) was 5*23 g. or 96% of the calculated amount (5*45 g.) from the 
4*87 g. of pure oleic acid present. In case (b) the weight was again 
95—96% of the calculated quantity. The loss of 4% was in part 
accounted for by the presence of 0*09 g. of azaieie (or suberic) acid, 
which, in case (a), was actually isolated from the aqueous filtrate 
and had evidently arisen by further oxidation of part of the di¬ 
hydroxystearic acid, 

* In order to effect, il desired, a complete conversion of the small quantity 
of oleic acid which still remains, the residue left on evaporation of the petroleum 
is oxidised as described above : 50 c.c. of cold JV/10-sodium hydroxide and 
100 c.c. of ice water ; 15 e.c. of 1% potassium permanganate solution; 10 c.e. 
of concentrated hydrochloric acid. The precipitate (C) is washed with water, 
dried at the ordinary temperature, and extracted with cold light petroleum; 
about 0*05 g. of dihydroxystearic acid remains on the filter. 

f “ Non-saponifiable ” constituents in the original sample are not, in the 
authors’ experience, to be found in the residue (B), at least not in appreciable 
quantity. If thought desirable, however, the quantity of such constituents 
can easily be determined by the usual method, or perhaps more simply by 
dissolving the residue (B) in a little methyl alcohol, adding excess of methyl- 
alcoholic barium hydroxide, evaporating to complete dryness, and extracting 
the residue with dry acetone, in which barium hydroxide and barium salts of 
saturated fatty acids are insoluble. 
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The “ saturated fatty acid/’ as isolated, melted at 57°, and 
doubtless consisted mainly of palmitic acid (m. p. 62-5°). 

(2) Total mixed acids from olive oil. Olive oil was completely 
hydrolysed and the resulting mixed acids (0 2 ) were isolated. These 
had an iodine number = 88 and contained 1*4% of “ unsapon¬ 
ifiable matter.” 

5*0 G. of 0 2 , treated as above described, gave 0*78 g. of higher 
saturated fatty acids (waxy, pale yellow solid, m. p. 53—54°) or 
15*6%. On the assumption, then, that 0 2 contained only the 
following constituents, its composition was roughly: Oleic acid, 
72; linolic acid, 12—13; unsaponifiable matter, 1*4; higher saturated 
acids, 14—15%.* The total weight of dihydroxystearie acid 
isolated was 4*1 g. This doubtless contained tetrahydroxystearic 
acid arising from the linolic acid present, and other experiments 
have shown it to be purely fortuitous that this weight again repre¬ 
sents 96% of the weight of dihydroxystearie acid theoretically 
obtainable from the oleic acid estimated as present in the mixed 
acids, f 

The “ unsaponifiable matter ” in the 0*78 g. of higher saturated 
fatty acids, determined by the methyl-alcoholic baryta method 
(footnote, p. 1630), was a negligible quantity (only 0*02 g). 

(3) A sample of a commercial product sold as “ pure oleic acid ” 
yielded 16% of solid saturated fatty acids; but the weight of 

dihydroxystearie acid” was very appreciably less (only 3*4 g. 
from 5 g.) than in the case of example (2). The manipulations 
offered no greater difficulties than in the previous cases. 

The work described in the present paper was begun under the 
auspices of the Oils and Fats Committee of the Food Investigation 
Board. A grant from the Department of Scientific and Industrial 
Research to one of us (E. N. M.) rendered it possible for him to take 
part in the research and is gratefully acknowledged. 

The University, Manchester. [Received, May 5 th, 1925.] 


* The main object of the experiment was to ascertain whether the presence 
of so much linolic acid would affect the ease of filtration of the crude hydr- 
oxystearic acid, and from this point of view the results were all that could 
be desired. It now seems probable that estimates formed by previous workers 
of the proportion of oleic acid in the mixed acids from olive oil have been 
decidedly too high and those of the saturated fatty acids too low. This con- 
elusion is also consistent with the experience which the writers had previously 
had in analyses of fractions of lead salts made in purifying oleic acid, 
t Judging from the results of experiments which the authors have made 
on the production of hydroxyketostearic acid, the yield of dihydroxystearie 
acid may fall off very rapidly if the proportion of acids more highly unsatin-ated 
than olekfacid exceeds a certain maximum. ; n 

. ■ ■ . . 3 k* 2 
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CCXV.— The Action of Hydrogen Peroxide on Limonene . 

By James Sword. 

The oxidation of limonene with, hydrogen peroxide (2 mols.) in 
acetic acid solution gives A 8(i0) -p-menthene-l : 2-diol as the main 
product, a small yield of terpin hydrate, an aldehyde, etc. Larger 
quantities of the oxidising agent produce a variety of oxygenated 
compounds and resinous substances. 

Since hydrogen peroxide has no action on hydrocarbons of the 
terpene series in solvents such as ether, it would appear that acetic 
acid takes a real part in the reaction, possibly by the formation of 
peracetic acid. This is supported by the fact that the reaction 
proceeds more quickly the larger the quantity of solvent used; a 
certain minimum amount is necessary for the reaction to go to 
completion in any length of time. 

Experimental. 

The limonene used was obtained from oil of bitter orange (J., 
1907, 91, 1872) and had b. p. 175-5—176-5°, [a]f + 96-89°, 
d is ■ 0-8453, w 15 * 1-4759. 

100 O.c, of it in glacial acetic acid (375 c.c.) were shaken continuously 
for 14—18 days with perhydrol, added gradually (total 180 c.c.). 
The solution was neutralised with sodium carbonate, and extracted 
with ether, on occasions up to 40 times. The extract on concen¬ 
tration deposited about 1 g. of terpin hydrate, m. p. 116—117° (in 
a sealed tube) (Found: C, 62*8; H, 11-5%), and on evaporation 
left an oil, which was hydrolysed with methyl-alcoholic barium 
hydroxide, yielding an oil (o).’ This, on distilling under reduced 
pressure, gave three fractions : (i) a mobile oil, b, p. 110—112°/10 
mm.., (ii) the main fraction, a viscous oil, b. p. 140—143°/10 mm.» 
from which a glycol ( b ) was isolated, (iii) a semi-vitreous solid, b. p. 
150—152°/10 mm. These were all unsaturated, the unsaturation 
decreasing with increase of boiling point, and gave sodium deriv¬ 
atives [Found: for (i), Na, 9-5; for (ii), Na, 22*7; for (iii), Na, 16-1. 
Ci0Hi 6 (ONa) 2 requires Na, 21-3%. C 10 H 17 *ONarequires Na, 13-0%]. 

By using the residual oil from the preparation of the sodium 
compounds (only a small quantity of sodium was used for a 
relatively large amount of oil) the glycol (6) was finally induced to 
crystallise. Thereafter it could be crystallised directly from ( a ). 
The residual oil after its removal yielded a small quantity of a 
_p-mtrobenzoate, m. p. 79°, gave with ethereal hydrogen bromide a 
dihydrobromide which crystallised from ethyl alcohol in pearly 
plates, m. p. 44—45° (Found: Br, 53-5. C 10 H 16 ,2HBr requires 
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Br, 53*6%), and on distillation with steam yielded an unsaturated 
oil (Found: C, 72*0; H, 9-9%. 0*1818 G. absorbed 0*165 g. of 

bromine), from which no nitrobenzoate was obtained, and no solid 
on hydration. 

The glycol ( b ) is soluble in about 10 parts of water and much 
more soluble in alcohol or ether. It will crystallise only when 
hydrated. The hydrate is efflorescent and contains three molecules 
of water, all of which can be removed over sulphuric acid in a 
vacuum desiccator in the course of 4—5 days. If dried too rapidly, 
it liquefies and then sets to a hard, vitreous solid. This, in con¬ 
junction with the fact that the hydrate has no definite melting 
point but begins to melt about 20° below the melting point of the 
anhydrous substance, indicates that there is an intermediate 
hydrate of lower melting point. Its solution in alcohol is optically 
inactive. The anhydrous substance is snow-white, melts sharply 
at 67*5°, and is clearly the A 8(10) -^-menthene-l : 2-diol described 
by Prileschaev (Ber., 1909, 42, 4814) (Found : C, 70*6; H, 10*5. 
Calc., C, 70*6; H, 10*7%). 

From the original oxidation products a small quantity of an 
acid was isolated by means of its silver salt [Found : Ag, 55*4. 
C 6 H 12 (C0 2 Ag) 2 requires Ag, 55-7%.] 

The author wishes to acknowledge his indebtedness to Professor 
G. G. Henderson for his interest in the work. 

The University of Glasgow. [Received, April 28th, 1925,] 


OCX VI .—Hydroocybenzils* 

By John Thompson Marsh and Henry Stephen. 

Sohonbero and his collaborators (Ber,, 1922, 55, 1174, 3746, 3753) 
have shown that the oxidation of benzoins gives rise to benzils of 
two types, viz,, yellow compounds of the normal type, having the 
a-diketonie structure and characteristic properties, and colourless 
^-benzils, to which Schonberg ascribes a peroxidic structure which 
accounts fear their slight reactivity towards the usual ketonic 
reagents. 

Up to the present, few examples of colourless benzils were known 
(compare Irvine, J., 1907, 91, 541; Vorlander, Ber., 1911, 44, 2455 ; 
Schonberg and Kraemer, loc, cit p. 1174; Schonberg and Malchow, 
loo. cit ., p. 3748) and only in one case, 4 : 4'- dibenzyloxyhenzil, has 
the coloured diketone been converted into the colourless peroxide 
(Schonberg and Bleyberg, loc . cit., p. 3753), and the latter, by 
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crystallisation from various solvents, reconverted into the coloured 
benziL Sehonberg therefore regards the two forms as being in 
equilibrium both in solution and at the melting point : 

RO-C 6 H 4 -q—£-C 6 H 4 -OR ^ RO-C 6 H 4 -C=C-C 6 H 4 -OE. 

o o o-o 

By applying Hoesch’s method of synthesising aromatic hydroxy- 
ketones (Ber.i 1915, 48, 1122) to acyl cyanides and resorcinol and 
phloroglucinol, we have prepared the eight following colourless 
hydroxybenzils; the colours produced when they are dissolved in 
concentrated sulphuric acid are recorded : 

2 ; 4-Dihydroxy benzil, C c H s (HO) 2 *CO-COPh, red. 

2:4-Dihydroxy-2'-methoxy benzil, C 6 H 3 (HO) 2 *CO-CO-C 6 H 4 -OMe, greenish-brown. 

2 ; 4-Dihydroxy^-methoxybenzil, C 6 H 3 (HO) 2 *CO-CO-C 6 H 4 *OMe, pnrple. 

2 : 4-Dihydroxy-3': 4 ': 5'-trim ethoxy benzil, C i H s (HO) 2 -CO*CO*C 6 H 2 (OMe) s , blue. 
2:4:6-Trihydroxybeiizil, G 6 H t (HO) s *CO-COPh, red. 

2:4: 6-Trihydroxy-2'-methoxyfenzil, CgH 2 (HO) 3 *CO*CO*C e H 4 *OMe, reddish-brown* 
2:4: 6-Trihydroxy^'-methoxybenzil, C 6 H 2 (HO) 3 *CO*CO*C fi H 4 -OMe, purple. 

2:4:6-Tnhydroxy-3': 4': 5'-trimethoxv benzil, C 6 H 3 (HO) a *CO*CO*C 6 H 2 (OMe) 3 , 

greenish-blue. 

With the exception of the last, these compounds darken before 
melting with decomposition. This change is not due to conversion 
of peroxide into diketone, for the acetyl derivatives remain 
colourless above their melting points. 

The hydroxybenzils crystallise from dilute alcohol or dilute 
acetic acid in colourless needles. Their pink solutions in aqueous 
sodium hydroxide, on warming, become deep red, and on acidi¬ 
fication the benzils are precipitated as bright yellow needles, from 
which the colour does not completely disappear on crystallisation; 
the melting points, however, are identical with those of the colourless 
forms* We have so far not obtained a pure, stable, coloured form 
of the above colourless benzils. 

On account of the action of the alkali, methylation of the hydroxy¬ 
benzils was not successful. Attempts to demethylate those com¬ 
pounds containing methosy-groups did not give very satisfactory 
results. 

The tcihydroxybenzils give a purple coloration with ferric 
chloride solution, but only a faint colour was noticed with the 
dihydroxy-compounds. Both di- and tri-hydroxybenzils reduce 
Fehling’s solution. 

The solutions of the hydroxybenzils in organic solvents are 
colourless even on boiling and are stable towards hydroxylamine, 
phenylhydrazine, ^-nitrophenylhydrazine, semicarbazide, and 
o-phenylenediamine, and the hydroxybenzils do not undergo the 
benzilic acid transformation. 

From these facts, the authors are of the opinion that these 
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compounds are peroxides both in the crystalline form and in 
solution. 

Experimental. 

Preparation of Acyl Cyanides. —The following method differs in 
certain details from that suggested by Claisen (Ber., 1898, 31, 
1023) and utilised by Mauthner (Ber., 1908, 41, 921; 1909, 42, 189) 
and is of general application. It is a great improvement on the 
method .of heating acid chlorides with cyanides of heavy metals. 

A solution of the acid chloride (1 mol.) and pure hydrogen cyanide 
(4 mols.) in dry ether (5 vols.) was cooled in ice while anhydrous 
pyridine (4 mols.) was added gradually during 1 hour, and the 
mixture kept in ice-water for 12 hours. The pyridine hydrochloride 
was removed by filtration, and the ether and excess of pyridine 
by distillation, the latter under diminished pressure, and the 
residue of cyanide, having been freed from traces of pyridine 
hydrochloride by filtration in ethereal solution, was either distilled 
or crystallised. 

This method avoids treatment with water and thereby eliminates 
any possibility of hydrolysis of the cyanide, to which the majority 
of the acyl cyanides are prone. In the cases investigated, the 
cyanides were usually sufficiently pure for condensation after 
evaporation of the ether. The yields are good. 

Benzoyl cyanide crystallises in pale yellow needles, m. p. 32°, 
from ligroin (compare Wohler and Liebig, Annalen , 1832, 3, 267)/ 
o-Methoxybenzoyl Cyanide .—To prepare the requisite chloride, 
o-methoxybenzoic acid (1 mol.) was dissolved in thionyl chloride 
(1£ mols.) and the solution subsequently warmed on the water-bath 
for \ hour; the excess of thionyl chloride was removed under 
diminished pressure, and the acid chloride distilled; b. p. 136°/12 
mm. The duration of heating should not be longer than that 
stated, since thionyl chloride tends to demethylate the acid chloride. 
The same remarks apply to the preparation of p-methoxy- and 
3:4: 5-trimethoxy-benzoyl chlorides. Phosphorus pentachloride 
may be used in place of thionyl chloride, but gives poorer yields. 
o-Methoxybenzoyl cyanide crystallises from ligroin in long, yellow 
needles, m p. 56°, b. p. I61°/12 mm. (Found: C, 67*15; H, 4*2. 
C 9 H 7 0 2 N requires 0, 67-1; H, 4*35%). It is readily soluble in 
most organic solvents and is rapidly hydrolysed by water. 

p-Methoxybenzoyl cyanide has m. p. 63—-64°, b. p. 150°/12 mm., 
and 3 : 4 : 5-trimethoxybenzoyl cyanide, m. p. 136—137° (compare 
Mauthner, foe. tit.). Cinnamoyl cyanide, m. p. 114—115°, was 
made by the acylation of hydrogen cyanide for the first time 
(compare Claisen and Moritz, Ber., 1880,13, 2124). 

Preparation of Benzils .—Dry hydrogen chloride was passed 
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rapidly for 2J hours into a solution of the acyl cyanide (1 mol.) and 
resorcinol (or phloroglucinol) (1-1 mols.) in dry ether, p-Methoxy- 
and 3:4:5-trimethoxy-benzoyl cyanides, which are sparingly 
soluble in ether, were dissolved in chloroform and added to the 
ethereal solution of resorcinol (or phloroglucinol). The presence 
of chloroform hastened the deposition of the ketimine salt. The 
solution, which in every case turned red, was kept in ice for 3 days. 
The deposited ketimine hydrochloride was washed with ether, 
dissolved in just sufficient water, and the solution warmed to 60° 
and treated with sodium acetate, which precipitated the white, 
crystalline ketimine. This was readily soluble in dilute hydro¬ 
chloric and sulphuric acids, the latter solution depositing a 
crystalline sulphate, generated ammonia when gently warmed with 
dilute aqueous sodium hydroxide, and was converted into the 
colourless benzil by boiling aqueous sodium acetate, the golden- 
brown colour of the solution soon fading to pale yellow. The 
following changes therefore probably occur during the hydrolysis : 

R«C=9-R' R-q—C-R' R*0==<>R' 

0—NH O NH 0-0 

Colourless. Coloured. Colourless. 

Aqueous solutions of the ketimine hydrochlorides required 
several hours 9 warming on the water-bath before hydrolysis was 
complete. 

2 : 4:-Dihydroxybe7izil has m. p. 239°, turning reddish-brown at 
about 234° (Found : C, 69*8; H, 4*2. C 14 H 10 O 4 requires C, 69-4; 

4*1%). 

2 :4-DihydroxybenziI was described by Finzi ( Monatsh ., 1905, 
26, 1128) as a brown, amorphous substance, m. p. 239°. We were 
unable to make the dioxime and repetition of Finzi’s experiment 
for the preparation of its hydrochloride failed to give the result 
he stated. 

2 : A-Diacetoxybenzil was prepared by boiling a solution of the 
benzil in acetic anhydride for 4 hours and pouring it into water, 
when the acetyl compound separated as a thick, pasty mass which 
soon solidified. It crystallised from alcohol in colourless needles, 
m. p. 159° (Found : C, 66*5; H, 4*4. C 18 H 14 0 6 requires C, 66*25; 
% 4-3%). 

The same method was employed for the preparation of the acetyl 
derivatives of the other benzils. 

2 : 4:-Dihydroxy-2'-7neihozybenzil has m. p. 223° after darkening 
at about 210° (Found: C, 66*3; H, 4*5. C 15 H 12 0 5 requires 
C, 66*2; H, 4*4%). The diacetyl derivative has m. p. 144° (Found : 
C, 64*4; H, 4*7. C 19 H 16 0 7 requires C, 64-1; H, 4*5%). 
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- 2 :4:-Dihydroxy-4b -methoxybenzil has m. p. 234° after darkening 
at about 225° (Found : C, 66*3; H, 4*6%), and the diacetyl 
derivative has m. p. 178-5° (Found : C, 64-3; H, 4-6%). 

2 : 4:-Dihydroxy-3' : 4' : 5' -trimethoxybenzil has m. p. 257° after 
tinning pink at 175°, yellow at 200°, and darkening at about 245° 
(Found : C, 61-6; H, 5-0. C 17 H 16 0 7 requires C, 61-45; H, 4*8%). 
The diacetyl derivative has m. p. 155° (Found : C, 60-3; H, 4 - 7 . 
C 2 iH 20 O 9 requires C, 60-6; H, 4-8%). 

2:4: 6-Trihydroxybenzil has m. p. 287° after darkening at about 
260° (Found: C, 65*2; H, 4-2. C 14 H 10 O 5 requires C, 65-1; 
H, 3*9%). The triacetyl derivative has m. p. 248° (Found : C, 62*6; 
H, 4 - 4 . C 20 H 16 O 8 requires C, 62*5; H, 4*2%). 

2:4: 6-Trihydroxy-2'-methoxybenzil has m. p. 235° after darkening 
at about 200° (Found: C, 62*8; H, 4*3. C 15 H 12 0 6 requires 
C, 62*5; H, 4*2%). 2:4: 6-Triaceioxy-2 t -methoxybenzil hasm.p. 135°. 

2:4: 6-Trihydroxy-4:' -methoxybenzil has m. p. 262° after darkening 
at about 250° (Found : C, 62*7 ; H, 4-2%). Its triacetyl derivative 
has m. p. 241° (Found: C, 61-0; H, 4-4. C 21 H 18 0 9 requires 
C, 60*8; H, 4*3%). 

2:4: 6-Trihydroxy- 3': 4': 5' -trimethoxybenzil has m. p. 187° 
(Found : C, 58*6; H, 4*8. C 17 H 16 0 8 requires C, 58*7; H, 4-6%). 
The triacetyl derivative has m. p. 258° (Found: C, 58*1; H, 4*4. 
C 23 H 22 O 11 requires C, 58*3; H, 4*6%). 

The triacetoxybenzils are only moderately soluble in alcohol and 
were crystallised from alcohol-acetic acid. 

The University, Manchester. [Received, May 1st, 1925.] 


CCXVII .—Studies of the Olucosides. Part III . The 
Synthesis of “ Thioindican” 

By James Craik and Alexander Killen Macbeth. 

Macbeth and Pryde (J., 1922, 121, 1660) deduced the constitution 
of indican from a study of the hydrolytic products of the methylated 
glucoside, and hoped to synthesise the glucoside itself through the 
condensation of tetra-acetylbromoglucose and derivatives of indoxyl. 
From preliminary attempts it would appear that indoxyl in rela¬ 
tively large amounts is necessary for successful condensation. In 
view of the difficulty in obtaining sufficient quantities of this 
material, and of the ease with which it oxidises, it was decided to 
standardise the experimental methods by examining the conditions 
in the case of the condensation of tetra-acetylbromoglucose and 
3-oxy (l)thionaphthen. 
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The work described in this paper is outlined in the following 
scheme : 

3-Oxy (1 )thionaphthen and Tetra-acetylbromoglucose 

Condense and reacetylate 

4 

Tetra-acetyl 3-oxy(l)tMonaphthen glucoside 

CH 2 (OAc)*CH(OAc)-CH*CH(OAc)-CH(OAc)*CH*0-C 8 H 5 S 
i-n-1 

“ TMoiadioan ” [3-Oxy(l)thionaphthen glucoside] 

(I.) CH 2 (0H)-CH(0H)-eH-CH(0H)-CH(0H)-CH-0 -C-C c H 4 

I-_o-1 fe-fc 

Experimental. 

Tetra-acetylbromoglucose is most conveniently prepared in small 
quantities by a method devised in the St. Andrews Laboratories. 
Acetyl bromide (40 g.) is added to anhydrous glucose (10 g.) in a 
flask immersed in cold water and attached to a reflux condenser. 
After about 10 minutes a vigorous reaction sets in and the glucose 
has aE dissolved in about | hour. The product is poured into 
ice-water (300 c.c.), and the resulting solid twice washed with 
sodium bicarbonate solution and then with water until free from 
acid. The dried ethereal solution of the residue is concentrated 
greatly, and the addition of light petroleum precipitates an oil 
which solidifies within 12 hours. Rapid recrystallisation from 
amyl alcohol gives a pure white, crystalline product which keeps 
for several months in a desiccator over soda-lime or calcium chloride 
(yield 10—12 g.). 

3-Oxy(l)thionaphthen was prepared by Smiles and McClelland’s 
method (J., 1921, 119, 1813). We obtained better yields by 
keeping the temperature at 40—45° during the initial condensation 
of the 2-thiolbenzoic acid and ethyl acetoacetate and allowing 
the reaction to continue for about 2 hours. 

Condensation of Tetra-acetylbromoglucose and Z-Oxy{ 1 )thionaphthen. 
—Attempts to effect the condensation in ethereal solution by 
shaking with silver oxide gave a product containing a considerable 
quantity of “ thioindigo,” from which none of the tetra-acetyl 
glucoside could be isolated. The best results were obtained by 
heating tetra-acetylbromoglucose (25 g.) and 3-oxy( 1 )thionaphthen 
(13 g.) with quinoline (10 g.) for about 2 hours at 105—110° in an 
atmosphere of carbon dioxide. The product was poured into ice- 
water (300 c.c.), extracted with ethef, and the extract was washed 
free from quinoline with ^-sulphuric acid, then with sodium 
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bicarbonate solution and water until free from acid. After evapor¬ 
ation of the ether, a rapid steam distillation removed the excess 
of oxythionaphthen. Thereafter the water was distilled off under 
reduced pressure, and the dry residual syrup reacetylated by acetic 
anhydride (60 c.c.) and pyridine (60 c.e.). The crude tetra-acetyl 
glucoside was obtained by pouring the acetylation mix ture into 
ice-water and ether and washing as described above. The red 
syrupy residue from the ethereal extract was dissolved in hot 
alcohol (150 c.c.), and hot water carefully added until turbidity 
was just appearing. The brown solid obtained on standing yielded 
in the best experiments about 2*5 g. of white needles, m. p. 106°, 
of the tetra-acetyl glucoside after repeated crystallisation from 60% 
alcohol. The glucoside is insoluble in water but soluble in the 
usual organic solvents. In acetone it has [a] 0 + 7-4° (Found: 
C, 54-7; H, 4*8; S, 6*7. C 22 H 24 O 10 S requires C, 55*0; H, 5*0; 
S, 6*7%). 

In some experiments, the product obtained was a dark syrup 
which could not be crystallised even after reacetylation. It con¬ 
tained no bromine, did not reduce Fehling’s solution, and analysis 
showed it to consist essentially of the tetra-acetyl glucoside; and 
on deacetylation it yielded the parent glucoside. 

Deacetylation of the Tetra-acetyl Glucoside. —(a) With barium 
hydroxide. Barium hydroxide (45 c.c. of 0*174 ^-solution) was 
added to a hot solution of the tetra-acetyl glucoside (0*8268 g.) in 
alcohol (40 c.c.). After some minutes barium was precipitated by 
a stream of carbon dioxide, and the carbonate filtered and washed 
with alcohol. The united filtrates on evaporation under diminished 
pressure gave a red syrup, which was extracted with boiling alcohol, 
and hot water added to the filtrate till turbidity was just appearing. 
On cooling, “ thioindican ” (I) separated as a mass of fine, glistening 
needles, coloured pink by traces of “ thioindigo.” Recrystallised 
with the aid of a little norit, it gave a pure white product (0*15 g.), 
m. p. 73*5°, which behaved as a glucoside and did not reduce 
Fehhng’s solution until after hydrolysis. It was soluble in alcohol 
or acetone, and insoluble in ether, light petroleum, or water. The 
rotation, showing a low dextro-value, was too small at the low 
concentration available to give a trustworthy reading (Found; 
0, 53*6; H, 5*3. C 14 H 16 0eS requires G, 53*8; H, 5*1%). 

(b) Alcoholic ammonia. In this more satisfactory method, the 
tetra-acetyl glucoside (0*8 g.) was dissolved in a solution of dry 
ammonia in absolute alcohol. After 10 hours the greater part of 
the ammonia was removed by a current of air* and the reside 
solution evaporated under diminished pressure at a bath 4w^ 
perature of 20°. Acetamide was removed by extracting the product 
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six times with water (10 c.c.), and the residue crystallised as described 
in (a). Yield 0*13 g. (25% of the theoretical). 

Since the red syrup already referred to proved to he essentially 
glucosidic, it was subjected to hydrolysis as described above. 
Acetamide and other impurities were removed by repeated extrac¬ 
tion /with ether. Addition of light petroleum to a concentrated 
alcoholic solution of the residue precipitated a red solid which on 
repeated crystallisation from aqueous alcohol yielded fine, white 
needles of the parent glucoside, m. p. 73*5°. 

Estimation of the oxythionaphthen content of the glucoside by 
simultaneous hydrolysis and condensation with isatin in aqueous 
hydrochloric acid solution according to the method for estimating 
indican in plant extracts (Orehardson, Wood, and Bloxam, J. Soc. 
Ghem. Ind., 1907, 26, 4) gave results which were much too low 
even when the acid concentration was considerably increased and 
the time of refluxing greatly extended. The characteristic red 
condensation product was obtained in a yield of only 48%, the 
low m. p. of the glucoside and its insolubility in water being doubt¬ 
less the cause. The estimation may, however, be carried out 
satisfactorily in alcoholic solution. A solution of ct thioindican 55 
(0*0405 g.) in alcohol (100 c.c.) containing isatin (0*23 g.) and 
concentrated hydrochloric acid (20 c.c.), when boiled under reflux 
for 10 hours, gave 0*0364 g. of the red condensation product 
(C 16 H 9 0 2 N 2 S). Theory requires 0*0362 g. 

We are indebted to the Department of Scientific and Industrial 
Research for a grant which enabled one of us (J. C.) to participate 
in the work. 

The University, St. Andrews. 

The University, Durham. [Received, May 14th, 1925.] 


CCXVIIL— Echitamine . 

By John Augustus Goodson and Thomas Anderson Henry. 

The alkaloid echitamine was first prepared by Gorup-Besanez 
(Armcdm, 1875, 176, 88) from the bark of Alstonia scholar is, R.Br. 
(Echites scholaris, L.) and was the subject of much controversy 
between 0. Hesse [AnnaUn, 1875, 176, 326; 178, 49 (with Jobst); 
1880, 203, 144; Ber 1880, 13, 1841) and Hamaek (Arch. exp. 
Path. Pharm ., 1877, 7, 126 ; Ber., 1878, 11, 2004; 1880, 13, 1648) 
in the course of which it was shown that Harnack’s ditaine (derived 
from “dita bark,” a native name for the bark of A. scholmis) is 
identical with echitamine. Hesse’s observations on the alkaloid 
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were largely confirmed by Bacon (Philippine J . Sci., 1906, 1 , 1007). 
The position arrived at may be summarised thus: A, scholar is 
bark contains at least two alkaloids : (a) ditamine, amorphous, 
isolated by extracting with ether the residue from an alcoholic 
extract of the bark, rendered alkaline with ammonia, and (b) 
echitamine (ditaine), obtained by extraction of the same residue, 
rendered alkaline with solution of sodium or potassium hydroxide, 
with chloroform, after the removal of ditamine. It is clear from 
this preliminary work that echitamine is a strong base which, 
unlike ditamine, cannot be liberated from its salts by ammonia, 
and the separation of the two alkaloids is based on this fact. The 
first description of echitamine was given by Hesse (Annalen, 1880, 
203, 144), who stated that the free base (echitammonium hydroxide) 
formed glassy prisms, C 22 H 30 O 5 N 2 ,3H 2 O, m. p. 206°, [a]Jf — 28-8° 
in alcohol, lost SHgO at 80° and a fourth molecule of water at 105° 
in a vacuum, forming a new base, C 22 H 28 0 4 N 2 , weaker than the 
original, but yielding the same hydrochloride, C 22 H 28 0 4 N 2 ,HCL 
Harnack, on the contrary, assigned the formula C 22 H 30 O 4 N 2 ,HCl to 
the hydrochloride. 

In addition to A. scholar is, several other species of Alstonia 
have been examined. Hesse found in A. constricfa the amorphous 
bases porphyrine and chlorogenine (subsequently renamed alstonine) 
and the crystalline alkaloid, alstonidine ( Annalen , 1865, Suppl. 
IV, p. 40; 1880, 205, 360; Ber., 1878, 11 ,1546. Compare von 
Muller and Rummel, J., 1879, 35, 31; Oberlin and Schlagdenhauffen, 
J . Pharm ., 1879, 28, 576). From a Java species, A. specfabilis , 
R. Brown, Hesse obtained echitamine, ditamine and two other 
alkaloids, echitenine and alstonamine, the last-named substance 
being crystalline (Ber., 1878, 11, 1546; Annalen, 1880, 203, 170), 
but could find no trace of Scharlec’s alstonine (Oenees. Tijd. Ned. 
Ind ., 1863, 10, 209), 

*Much work has also been done on the sterols and other crystalline, 
non-nitrogenous substances of Alstonia species. Jobst and Hesse 
found in A. scholaris bark, echikautschin (amorphous); eehieerin, 
C3 oH 48 0 2 , m. p, 157°, [oc]d + 63*75°; echitin, CggH^Oa, m. p* 170°, 
[«]d + 75*25°; echitein, m. p. 195°, [a] D + 85*4°, and 

echiretin, C 35 H 56 0 2 (amorphous). 

From ‘the dried latex of Alstonia cosiulata, Miq. (Dyera cost¬ 
'll lata, Hook) Sack and Tollens isolated a similar series of sterols 
(Ber., 1904, 37, 4110), which Cohen (Arek. Pharm,, 1907, 245, 236) 
subsequently identified with lupeol, and «- and p-amyrins, and Ultee 
(Chem. Weekbktd , 1914, 11, 456) found the same three consrituenM 
in the latex .of A, scholaris . • - . •' +++?:' 

The material used in the present investigation consisted^ 



1642 goodson and henry : echitamine. 

derived from A. congensis, Engler. The first sample was collected 
in the Cameroons by Dr. Lehmann, and for it and the supplies 
subsequently received from the Cameroons, the Conservator of 
Forests, Gold Coast, and the Director of Forests, Nigeria, the authors 
are indebted to the kindness of Dr. Hill, Director of the Royal 
Botanic Gardens, Kew. 

The results of the present investigation confirm Hesse's empirical 
formula for echitamine, and many of the unexplained points 
recorded by Hesse and Hamack in the course of their controversy 
as to the formula of echitamine are accounted for by the fact now 
established that echitamine is a methyl ester and is hydrolysed 
with great ease, forming the new base demethylechitamine , C 21 H 26 0 4 N 2 . 
It is also shown that echitamine contains a methylimino-group, 
hut whether this has a tertiary or secondary nitrogen is uncertain, 
as the alkaloid appears to yield a crystalline nitroso-derivative. For 
the same reason, it is uncertain whether one or two hydroxyl groups 
are present, as the second acetyl group in the diaeetylechitamine 
now described may indicate the presence of either a hydroxyl group 
or a secondary nitrogen atom. 

Finally, the fact that the parent alkaloid and all the derivatives 
described give an intense blue colour with Hopkin and Cole's 
glyoxylie reagent for tryptophan {Proc. Roy, Soc. } 1901, 68, 21) 
must be taken to mean that echitamine has an indole nucleus, 
and support for this view is given by the production of an indole¬ 
like base, as one product, when echitamine is distilled with 
alkalis. 

A. congemis bark, like other barks of this genus, contains much 
amorphous alkaloid in addition to echitamine and yields a large 
quantity of non-nitrogenous products. Of the latter, one substance, 
a well-crystallised lactone, C 0 H 14 O 3 , was isolated as a by-product 
in the purification of echitamine and has been characterised. It is 
converted by sodium hydroxide into a crystalline sodium salt, 
(\H 15 0 4 Na, and yields a monoacetyl derivative, so that its formula 

f I 

may be extended thus, HO*C 8 H 15 COO. 

For some of the echitamine used in this investigation the authors 
are indebted to Prof. F. L. Pyman, F.R.S., who isolated it from the 
bark of another species, A . GiUeUii, kindly supplied by Fr. Just. 
Gillet, Curator of the Botanic Gardens, Kisanti, Belgian Congo. 

The various Alstonia barks are used in the localities where they 
occur, as remedies for malaria, but so far no attempt has been made 
to use echitamine in medicine. The authors are indebted to Dr* 
J. Trevan of the Wellcome Physiological Research Laboratories 
for the observation that echitamine hydrochloride is toxic to mice 
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in doses of 0*3 to 0-5 mg. per 20 g. and that it acts by paralysis of 
the medulla. 

In connexion with the use of the bark in malaria Major Brown 
of the Wellcome Bureau of Scientific Research found that the 
hydrochloride was not toxic to protozoa (Glaucoma) at a concen¬ 
tration of 0-03%, but became so at a concentration of 0*0025% in 
presence of IV/800-alkali (compare Bacon, loc . cit.). 

Experimental. 

The finely-ground bark (1 kg.) was exhausted with hot alcohol, 
the concentrated solution poured into warm 1% acetic acid (500 c.c.), 
and the filtrate from this concentrated to 200 c.c. After agitation 
with ether (extract A) and chloroform (extract B) in turn to remove 
wax and other impurities, the liquor was rendered alkaline with 
sodium hydroxide solution and the liberated alkaloids were dis¬ 
solved out with chloroform. The residue from the chloroformic 
solution was dissolved in alcohol, and the liquid rendered slightly 
acid with hydrochloric acid (10%) and set aside. Echitamine 
hydrochloride gradually crystallised and was collected, washed 
with a little alcohol, and recrystallised from water. The yield of 
crystalline hydrochloride from different samples of A . congensis bark 
varied considerably. 

Gold Coast. Nigeria. Cameroons. 

Total alkaloid % .,. 0*38 to 0*56 0*11 to 0*12 0*18 

Echitamine hydrochloride % 0*18 to 0*34 0*03 to 0*04 0*09 

As few data are recorded by previous workers regarding the base 
and its salts, the opportunity has been taken to characterise these 
substances. 

The hydrochloride obtained was identical with echitamine hydro¬ 
chloride from A. scholaris bark. When crystallised quickly from 
water, it forms long, anhydrous needles, m. p. 295° (corr.; decomp.), 
— 58° (in water; c = 1%) (Found: C, 62*6, 62*9; H, 7*1, 7*1 ; 
N, 6*4; Cl, 8*4, 8*5. C 22 H2 8 0 4 N 2j HC1 requires C, 62*8; H, 6*9; 
N, 6*9; Cl, 8*4%). When crystallised slowly from water, it forms 
stumpy prisms, m. p. 292° (corr.; decomp.), [a]Jf — 54*3° (c — 1*028; 
water) (Found: loss at 100° in a vacuum, 4*79. Calc, for 
C^E^gO^jHCljHgO: H 2 0, 4*15%). Both forms of the hydrochloride 
are neutral to litmus. Hesse (loc. cit.) records for his hydrochloride 
C 22 H 2 8 0 4 N 2 ,HC 1 , [a] D — 57° (c = 2; water). The hydrobromide, 
similarly obtained, forms transparent prisms, m. p. 258° (air-dry ; 
corr.; decomp.), 268° (dry; corr.; decomp.), fa]}f — 43*5° for the 
hydrated salt (c = 0*804 in water) (Found ; C, 56*4 ; H, 6*5; Br, 
16*9. Calc, for Ctfff 28 0 4 N 2 ,HBr: C, 56*8; H, 6*3; Br, 17*2%. Loss 
on drying at 105° in a vacuum, 3*7. Calc, for 
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H 2 0, 3*7%). Hesse gives the formula C^Hg^N^HBr^HgO to 
his hydrobromide. 

The hydriodide, similarly prepared, crystallises from water in 
long, anhydrous prisms, m. p. 267° (corr.; decomp.) (Found: C, 
51-4; H, 5-9; I, 24-0. Calc, for C^gO^HI: C, 51-6; H, 5-7; 
■I, 24-8%). 

The sulphate is more soluble than the halide salts, separates 
only after considerable concentration of the neutralised solution, 
and is best recrystallised by adding alcohol to a strong solution of 
the salt in water. It forms rosettes of needles, which decompose 
from 275° onwards; [a]]f — 51-6° (c = 2-58 in water) [Found for 
air-dry salt: loss at 100° in a vacuum, 2-4. (C 22 H 28 0 4 N 2 ) 2 j H 2 S0 45 H 2 0 
requires B^O, 2*04%. Found in dry salt: H^SO^ 11-46. Calc., 
HgS0 4 , 11*31%]. 

The nitrate , obtained by neutralising the base in chloroform with 
A 7 /10-nitric acid, separates, on cooling the concentrated aqueous 
solution, in elongated pyramids, C^HggO^,HN0 3 ,2^0, m. p. 
127° (air-dry; corr.; decomp.), 176° (dry; corr.), [a]g' — 51-4° 
(air-dry salt in water; c = 1-01) (Found : loss on drying in a vacuum 
over sulphuric acid, 8-15. Calc., 7-45%. Found in dry salt: C, 58*9; 
H, 6-8. Calc., C, 59-0; H, 6-5%). 

The neutral oxalate, (C 22 H 28 0 4 N 2 ) 2? H 2 C 2 0 4 , was only obtained 
as a gelatinous precipitate, although Hesse (be. cit.) obtained it 
crystalline (Found: C, 63*9; H, 6-7. Calc., C, 64-3; H, 6*8%). 
When the calculated quantity of oxalic acid is added to a solution 
of the base in alcohol, the neutral oxalate first formed dissolves and 
on adding a little water and removing the alcohol by distillation 
in a vacuum, rosettes of needles of echitamine hydrogen oxalate , 
C 22 H 2S 0 4 No,H 2 C 2 0 4 ,2H 2 0, m. p. 238° (corr.; decomp.), separate on 
cooling (Found: loss on drying at 100° in a vacuum, 6*3. Calc., 
HgO, 7*05%. Found in dry salt: C, 61*0; H, 7*0. Calc., C, 60-7; 
H, 6*4%). 

The picrate is precipitated when picric acid solution is added 
to the hydrochloride dissolved in water. The air-dry substance 
softens at 50% decomposes at 98% and loses in a vacuum at atmo¬ 
spheric temperature over sulphuric acid 41*3%, corresponding to 
24H 2 0. On recrystallisation from dilute alcohol it forms minute 
rosettes of needles, C 22 H 28 0 4 ]Sr 2 ,C 6 H 2 (0H)(]S[0 2 )3,2H 2 0, which 
behave like the air-dry substance on heating (Found : loss on drying 
in a vacuum over sulphuric acid, 5-5. Calc., 5-6%. Found in dry 
substance: C, 54-6; H, 5-1. Calc., C, 54-8; H, 5-1%). 

Determinations of methoxyl and methylimino-groups by the usual 
methods on the hydrochloride and hydriodide gave the following 
results. Hydrochloride: Found; MeO, 7-2; NMe, 7-6. Calc. 
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for MeO, 7*4; NMe, 6*9%. Hydriodide: Found; MeO, 6*0, 6*1; 
NMe, 6*0. Calc, for MeO, 6*1; NMe, 5*7%. 

Diacetylechitamine Hydrochloride .—Echitamine hydrochloride was 
mixed with a few drops of pyridine and heated at 100° with six 
parts by weight of acetic anhydride. On cooling, the diacetyl 
derivative separated in silky masses of needles and more was obtained 
by concentrating under reduced pressure. After recrystallisation 
from ethyl acetate the substance had m. p. 271° (eorr.; decomp.) 
[Found in substance dried at 105° in a vacuum : C, 61-7; H, 6*7; 
Cl, 6*8; MeO, 6*6; acetic acid (by hydrolysis with phosphoric acid), 
26*2. C^HaeO^AcgjHCl requires C, 61*8; H, 6*6; Cl, 7*0; MeO, 
6*2; acetic acid, 23*8%]. 

Hydrolysis of Echitamine. —The base used in preparing the salts 
described above was obtained by dissolving the hydrochloride, as 
isolated (p. 1643), in water, adding sodium hydroxide, and extracting 
with chloroform. If complete removal of this solvent by distillation 
is attempted, the base decomposes as already recorded by Hesse 
(Annalen, 1880, 203, 144), who called the product oxyechitamine 
and gave it the formula C 22 H 28 0 5 ]Sr 2 . The change is probably 
more profound than Hesse supposed, but the substance has not been 
examined in the course of this work. The solvent can, however, 
be largely removed by distillation and the residue, dissolved in 
alcohol, used for the preparation of salts, but it has not been possible 
to induce the base to crystallise, though Hesse, as already stated, 
obtained a base which he at one time regarded as a crystalline 
tetrahydrate, C^H^O^^HgO. In the course of attempts to 
crystallise the base, water was added (after some days) to a solution 
in alcohol, prepared as described, and on long standing this deposited 
crystalline material, more of which was slowly obtained by continued 
dilution with water. 

The same substance was produced more rapidly by heating 
echitamine hydrochloride in sealed tubes at 120° during 6 hours 
with 0*24A r -sodium hydroxide solution (20 c.c. per g. of hydro¬ 
chloride). It can be recrystallised from hot 70% alcohol and then 
forms prisms or hexagonal plates, m. p. 290° (air-dry; corr.; 
decomp.) or 268° (dry; eorr.; decomp.). It is sparingly soluble in 
alcohol, chloroform, or water and is neutral to litmus. It forms a 
hydrochloride crystallising in prisms from hot water, m. p. 306° 
(corr.; decomp.), which is acid to litmus and much less soluble in 
water (1 in 209, approx.) than echitamine hydrochloride (1 in 76 
approx.) (Found for air-dry base : 0, 62*2; H, 7*5 ; loss in a vacuum 
at 130°, 8*7. 0 21 H 2 g 0 4 N 2 ,2^0 requires G, 62*0; H, 7*4; HgQ, 
8*9%. Found for base dried at 130° in a vacuum: C, 68*0, 68*3; 
H, 7*3, 7-3; N, 7*8. C ai H* e 0 4 N 2 requires 0, 68*1; H, 7*1; N, 7*6%. 
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Found for hydrochloride, dried at 100° in a vacuum : C, 62*1, 62*2; 
H, 6*8, 6-8; Cl, 8-7. Calc, for C^H^O^HC!: C, 62-0; H, 6-7; 
01, 8*7%). 

These analyses indicate that the new base contains -CH 2 less 
than echitamine, and determinations showed that it still contained 
a methylimino-group but had lost the methoxyl group of echitamine 
(Found for air-dry base : MeO, 0; NMe, 7*1. C 2 iH 2 6 0 4 N 2 requires 
3SMe, 7*8%. Found for dry hydrochloride: MeO, 0; NMe, 6*8. 
0,10, 6 0 4 N 2 ,HC1 requires NMe, 7*1%). The new base is therefore 
called demethylechitamine and all its reactions indicate that the methyl 
group has been lost from a carbomethoxy-group. This assumption 
accounts for the neutrality to litmus of demethylechitamine and the 
acidity to litmus of the hydrochloride, echitamine being strongly 
alkaline and its hydrochloride neutral to this indicator. The new 
base, like echitamine and all its salts, gives an intense blue coloration 
with Hopkin and Cole’s glyoxylic reagent for tryptophan. 

Action of Nitric Acid on Echitamine .—Hamack stated {Ber., 
1878, 11, 2004) that a carmine-red base was produced by the action 
of concentrated nitric acid on echitamine, but the substance was not 
analysed or further described. When nitric acid (18 c.e.) is added 
tp echitamine nitrate (3*19 g.) in water (180 c.e.) and the solution 
is warmed at 100°, it becomes red, then green, and finally yellow. 
When sodium hydroxide solution is added to the cooled liquid, a 
red base is precipitated; and a little more can be recovered by 
extraction with chloroform. A solution of the red base in dilute 
alcohol on concentration and standing deposits rosettes of minute 
needles (yield 1*4 g.), but the bulk of it remains amorphous. After 
recrystallisation the air-dry base began to decompose at 156° and 
after drying at 105° in a vacuum showed shrinkage at 163° (corr.) 
and frothed at 184° (eorr.). It is almost insoluble in water, forms a 
red solution in alcohol and in chloroform a yellow solution with a 
red fluorescence [Found in air-dry base : loss at 105° in a vacuum, 
12*1, €^52^04^(^02)2,4^0 requires HgO, 13*2%. Found in 
base dried at 105° in a vacuum : C, 55*6; H, 6*0; 1ST, 11*6. Calc.: 
C, 55-7 ; H, 5*5; K, 11*8%], 

The red base still contains intact the methoxyl group of echitamine 
(Found in dry base : MeO, 6*9. Calc., 6*5%). 

The red colour is sharply changed to yellow on neutralisation 
with acid, and on adding standard alkali to a solution of a known 
weight of the base in a known excess of standard acid a sharp end¬ 
point is reached when a slight permanent red precipitate is formed, 
A molecular-weight determination by this method gave 474 [Calc, 
for CggB^gO^^NOgJg, M , 489]. The red base appears therefore to 
be a simple dinitro-derivative of echitamine, but the change is 
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probably more far-reaching than is indicated by the empirical 
formula. 

On treatment with sodium nitrite and dilute hydrochloric acid 
at 0°, echitamine gives a small yield (8%) of a substance crystallising 
from ether in rosettes of yellow needles, which shrinks at 140° and 
melts at 157° (decomp.) and, as it gives Liebermann’s reaction, is 
probably a nitroso-derivative. 

Distillation of Echitamine with Alkalis .—When echitamine is 
heated dry with soda-lime or with an aqueous solution of potassium 
hydroxide (50%), an alkaline, aqueous distillate is obtained when 
the temperature is kept below 250°. On neutralisation with 
hydrochloric acid and redistillation, this affords a distillate which 
when poured on a hot, oxidised copper spiral yields formaldehyde, 
due to the presence of methyl alcohol liberated by the hydrolysis of 
the carbomethoxy-group already referred to (p. 1646). The aqueous 
liquor in the distillation flask, on evaporation to dryness, left a small 
quantity of a hydrochloride. 

The distillation was continued up to 310° and finally under 
reduced pressure until nothing more came over. The distillates 
thus obtained were acidified and extracted with ether, which 
removed 0-68 g. (from 8*6 g. of alkaloid) of an oil, having a pro¬ 
nounced faecal odour. This oil gave a red coloration with Ehrlichs 
reagent, an orange colour with Nelson’s solution, and dyed a pine 
splint, moistened with hydrochloric acid, red. It appeared therefore 
to be an indole derivative, but no well-defined product could be 
obtained from it. The acid mother-liquor was rendered alkaline and 
again extracted with ether, which removed 0*3 g. of a base from 
which also no crystalline derivatives could be obtained. The 
alkaline mother-liquor was then distilled, the distillate collected in 
dilute hydrochloric acid, and the salt produced isolated by the addi¬ 
tion of alcohol to the highly concentrated liquor. The crystalline 
hydrochloride so obtained contained 52*5% of chlorine (Calc, for 
CH 3 -NH 2 ,Ha:a 5 52*5%). 

• The products of this distillation are therefore methyl alcohol, 
methylamine, an indole derivative, and a third base. 

Non-alkaloidal Constituents. 

Isolation of a Lactone , C 9 H 14 0 3 .—No attempt has been made to 
isolate the components of the waxy and other materials removed in 
extracts A and B (p. 1642) in the purification of the acetic acid solu¬ 
tion, but as these materials retained some alkaloid they were 
extracted with dilute hydrochloric acid, which was then rendered 
alkaline with ammonia and re-extracted with chloroform. In this 
way a crystalline, nitrogen-free product was isolated, more cff 
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was obtained from the mother-liquors remaining from the separ¬ 
ation of crude echitamine hydrochloride. The total yield amounted 
to 0-02% by weight of the bark used. No evidence has been 
obtained that this substance is a decomposition product of echitamine. 
It crystallises from hot water in colourless prisms or long needles, 
m. p. 74—77° (air-dry; corr.) or 103° [(dry; corr.), and has 
Md* + 49-9° (air-dry substance in water, c = 2*5) or + 66*4° 
(dry substance in water, c = 2-5), is neutral in reaction, fairly 
soluble in water or chloroform and sparingly soluble in ether (Found: 
loss on drying in a vacuum at 60° and finally at 90°, 9-84. 
CgH^OgjHgO requires H 2 0, 9*57%. Found in dried substance : 
C, 63*4, 63*7; H, 8*4, 8*5. CgH-^Og requires C, 63*5; H, 8*3%). 

No methoxyl or dioxymethylene group is present. The substance 
dissolves in solutions of sodium hydroxide, and the excess of alkali 
can be titrated back by standard hydrochloric acid with phenol- 
phthalein as indicator. Such determinations indicated that the 
hydrated substance neutralised 20*7% of sodium hydroxide (Calc., 
21*3%) and the dry substance, 23*5% (Calc., 23*5%). A solution 
in the calculated quantity of sodium hydroxide solution was con¬ 
centrated, and kept after the addition of dry alcohol," when the 
corresponding sodium salt was obtained as a hygroscopic, crystalline 
substance (Found : loss on drying at 90—100° in a vacuum, 15*99. 
Calc, for 2H 2 0, 14*63%. Found in dry salt: Na, 10*64. Calc, 
for C 9 H 15 0 4 Na: Na, 10*94%). The substance is therefore a 
lactone of an acid C 9 H 16 0 4 . 

On boiling the lactone with five times its weight of acetic anhydride 
for 1 hour, concentrating the solution under reduced pressure to 
half its volume, pouring into water, and extracting with ether we 
obtained a monoaceiyl derivative which could not be crystallised 
(Found for substance dried in a vacuum at 105°: C, 62*5; H, 7*8. 
CgH^OgAc requires C, 62*2; H, 7*6%). On hydrolysis with alkali 
and distillation of the resulting liquid, after addition of excess of 
sulphuric acid, 32*1% of acetic acid was obtained as determined by 
titration (acetic acid required for C 9 H 13 0 3 Ae, 28*3%). The residue 
in the flask, on thorough extraction with chloroform, yielded 79*3% 
by weight of the original substance used (Calc, for C 9 H 14 0 3 from 
C 9 H 13 0 3 Ae, 80*2%). The recovered lactone had m. p. 98—100° and 
Mif + 55*8° after drying in a vacuum at 100°. 

Wellcome Chemical Research Laboratories, 

Lootok. [Received* May ISffc, 1925.] 
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CCXIX .—Chenopodium Oil . Part II. The Hydro¬ 
carbon Fraction. 


By Thomas Anderson Henry and Humphrey Paget. 

The presence of a laevorotatory component in the hydrocarbon 
fraction of chenopodium oil was first recognised by Krefners (Pharm. 
Rev,, 1907, 25, 155), and since then numerous efforts have been 
made to isolate and identify it. Nelson obtained, by bromination 
of the hydrocarbon fraction, a substance which he regarded as 
Z-limonene tetrabromide (J. Amer, Ghem . Soc 1920, 42, 1204), 
but on repeating this work the authors found that the product 
so obtained was optically inactive, differed in crystalline form and 
physical constants from all the known terpene tetrabromides, and 
therefore could not be Z-limonene tetrabromide, but must be derived 
from a terpene so far unknown. Up to that time only p-cymene 
and a-terpinene had been definitely recognised as present (J., 
1921, 119, 1714). 

The authors now show that Nelson’s tetrabromide (I) on treat¬ 
ment with silver acetate yields an acetoxybromide (II), which is 
oxidised by chromic acid to ^>-tolyl methyl ketone (IV), probably 
through the dihydroketone (IH). These reactions are best explained 
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by the assumption that the tetrabromide is derived from the 
•terpene A 2:8(9) -p-menthadiene (V). Support for this view is 
obtained from the fact that the total hydrocarbon fraction on 
treatment with chromic acid is partly oxidised to dimethyl- 
acetonylacetone (derived from a-terpinene) and a hydroxy-ketone, 
0 10 H 16 0 2 (VI), the semicarbazone of which readily loses water, 
like other o-hydroxy-ketones derived from hydroaromatie substances 
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(compare Manasse, Ber. } 1897, 30, 668), forming a base, C^H-^ONg 
(VII). Further, the total hydrocarbon fraction on oxidation by 
permanganate yields a minute quantity of a substance, c 8 h 14 0, 
which may be tetrahydro^-tolyl methyl ketone (VIII). The 
substances C 10 H 16 O 2 and C9H14O are not obtainable by the separate 
oxidation of any of the known components (p-cymene, a-terpinene, 
7-limonene; see below) of the total hydrocarbon fraction, and 
it is consequently assumed that they come from the terpene * 
yielding the tetrabromide. 

The same formula has been used already for Tschugaeff 9 s iso- 
limonene (J. Buss. Phys. Chem. Soc. t 1904, 36, 988) and Aschan’s 
diprene (. Annalen , 1924, 439, 221), neither of which has been fully 
described, and it is possible that further work may prove all three 
to be identical, in which case the name i^olimonene should have 
priority. It is of interest to note that all three occur along with 
limonene. 

The removal of the readily oxidisable components (a-terpinene 
and terpene A) by partial oxidation of the total hydrocarbon 
fraction with chromic acid leaves a mixture of p-cymene and the 
Isevorotatory component, the identity of which has been a subject 
of conjecture since 1907. On bromination followed by removal 
of the p-cymene, which inhibits crystallisation, 7-limonene tetra¬ 
bromide was isolated in good yield and the presence of 7-limonene 
was confirmed by the formation of its characteristic oxidation 
products, hydroxyterpenylic and laevulic acids. It is also shown 
that on oxidation by permanganate in acetone, 7-limonene yields 
an oily lactone acid, C 9 H 14 0 5 , derived from a dihydroxy-dicarboxylic 
.acid, C 9 H 16 0 6 , for which the constitution 

0H*GHMe*CH 2 *CH! 2 ‘CH[CH(0H)*C0 2 H]*CE^ 2 -C0 2 H 

is suggested, since it furnishes lsevulic and acetic acids by oxidation 

* 

with chromic acid, fission taking place at C. This acid is closely 
related to two acids, 

CH*Ae<H ft -GHAc*(IBL*C0 9 H -> 

CO 2 H-0H 2 *CH 2 < CH(C0 2 H)'CH 2 -CO 2 H,' 
mentioned,, without description, by Tiemann and Semmler (Per,, 
1895, 28, 2150) as resulting from the oxidation of limonene 
erythritoL 

In the course of this work large quantities of the total hydro¬ 
carbon fraction of chenopodium oil have been worked up, and 
from the first runnings of these a few c.c. of a substance, which 
isprobably ^^m-dimethylethylene oxide, C 4 H a 0, was isolated. 

♦ To save space, and to avoid further additions to the synonymy of 
^erpenee, this component is referred to later as terpene A. 
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The following substances have now been identified as components 
of chenopodium oil. 

p-Cymene. spm-Dimethylethylene oxide (?). Ascaridole. 

a-Terpinene. Butyric acid. Ascaridole glycol. 

A 2 :s s 9 jy,_Ment hadiene. Methyl salicylate. Ascaridole glycol 

Mimonene. Salicylic acid. anhydride. 

The chief interest of chenopodium oil lies in its use as an anthel¬ 
mintic, and it is being employed on a large scale in anti-hookworm 
campaigns in various parts of the world. Drs. Smillie and Pessfia, 
who have been engaged in researches on hookworm disease under 
„ the auspices«of the Brazilian Government and the Rockefeller 
Foundation in Brazil, have kindly tested pharmacologically and 
clinically the chief components of chenopodium oil isolated in these 
laboratories, and their results have been published elsewhere 
* ( J . Pharm. Expt. Ther., 1924, 24, 359). They show that ascaridole, 
the chief component of the oil, is a remarkably efficient anthelmintic, 
and that none of the other constituents can be regarded as of value 
for tins purpose. 

Experimental. 

When a receiver cooled in ice and salt was inserted during the 
separation of the hydrocarbon fraction from ascaridole by distillation 
at low pressure, a small amount of a colourless, volatile, pungent¬ 
smelling liquid was collected. On redistilling this, a little was 
obtained at 65—75°/760 mm., the greater part boiling between 
120—170°, and consisting chiefly of terpenes and jp-cymene. After 
drying over potassium carbonate, the lower-boiling fraction had 
, b. p. 64—78°, < 0-837, d ° 0 f 0-8409, [a]!f + 0-10°, rif 1-3968 to 
1*3981, M (vapour density) 70*2 (Found: C, 66*4; H, 12*4. 
C 4 H 8 0 requires C, 66*7; H, 11-1%; M, 72). 

The odour and the characters of this substance indicate that 
it might be one of the butylene oxides (possibly s^m-dimethyl- 
ethylene oxide), b. p. 56—57; 0*8344, but, as the figures given 

above show, the small quantity obtained was still highly impure. 

The hydrocarbon fraction distilled between 170° and 185°/760 mm. 
but all attempts to isolate fractions of constant boiling point failed; 
considerable separation was, however, effected by repeated slow 
distillation through a 12-bulb Young dephlegmator. Four litres of 
the hydrocarbon fraction so treated gave the following results : 


Fraction...... I 2 3 4 5 

B. p. ......... 170—174° 174° 174—175° 175—175*5° 175*5—176° 

Amount (g.) 20 40 150 1100 30 

p. (1-dcm.) ... -14° —15° -16° -17° -17*5° 

Fraction .T.i .. 6 7 8 9 

B.p. .. ...... 176—177° 177—178° 178—180° 180—1$4° 

Amount (g.) 800 800 900 150 

a (1-dcm.) ... —18° -19° -20° -18*5° 
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a-Terpinene nitrosite could be obtained from all these fractions, 
while only fractions 1 to 4 gave the tetrabromide, m. p. 117°, 
characteristic of terpene A, the best yield being obtained from 
fraction 1. Fraction 4 was repeatedly redistilled to furnish a little 
more of fractions 1 to 3, and the residue used with fractions 6, 7, 
and 8 for the identification of the lsevorotatory component. It 
was shown previously (be. tit., 1717) that the a-terpinene present 
in these fractions could be removed by agitation with Beckmam^ 
chromic acid mixture, leaving the laevorotatory terpene mixeN^ 
with ^-cymene, and this mixture is referred to later as fraction B. 

It has the following average characters: b. p. 176*5° to 177°/758 
mm., 0*8545, [a]Jf - 23*08°, nf 1*48637 [Found: 0, 89*1, 
88*9, 88*8; H, 10*9, 10*6, 10*65%, which corresponds with a 
mixture of terpenes C 10 H 16 (C, 88*2; H, 11*8) and ^-cymene 
CiqH 14 (C, 89*6; H, 10*4) in proportion 40 : 60, and 63% of 
p-cymene can be isolated from it by oxidation with permanganate 
in acetone (see below)]. It yields no terpinene nitrosite, nor any 
of the oxidation products of a-terpinene, and no terpene A tetra- 
bromide could be obtained from it. 

Examination of Fraction B. 

Bromination .—On bromination by the method already described 
(s be . cit. 9 p. 1717) a yellow, viscous oil was obtained which, even 
after standing for several months below 0°, deposited no crystals 
and gradually changed to a nearly solid tar. If, however, the 
freshly-brominated product, freed from chloroform and hydrogen 
bromide by aspiration, was quickly distilled until the bulk of the 
p-cymene was removed at about 105°/10 mm., the residual brown 
oil, on standing, became filled with leafy crystals, m. p. 104° after 
recrystallisation from alcohol. A mixture with an equal quantity 
of riJ-limonene tetrabromide melted at 124° and showed no depression 
of melting point on further admixture with dipentene tetrabromide. 

A mixture with the tetrabromide of terpene A (m. p. 117°) melted 
at 96—-92°. The substance is therefore Mimonene tetrabromide 
(Found: Br, 69*9; [a]if — 66*12°. Z-Limonene tetrabromide, 
C 10 H 16 Br 4 , requires Br, 70-2% and has [*]£ — 73*45°). 

Oxidation by Permanganate in Acetone. —Fraction B (700 c.c.) 
mixed with acetone was treated with powdered potassium per¬ 
manganate (1200 g.) in quantities of 10 g. at a time. The acetone 
was then distilled off and the residue steam-distilled, yielding 
436 c.c. of p-eymene (62*3% of the mixture used) having a — 0*7°. 
The residual alkaline liquor, combined with the washings of the 

dioxide, was concentrated to low bulk ' 
(compare he. dt., p. 1719), shaken with ether and ethyl acetate 
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to remove a small amount of neutral matter, from which traces 
of the carbonyl compound C 9 H 14 0 were isolated (p. 1658), then 
acidified and again extracted with ether (i), and ethyl acetate (ii). 
After removal of acetic acid by heating under reduced pressure, 
these extracts amounted to (i) 61-3 g. and (ii) 15-6 g. and consisted 
of oily acids, which could not be induced to crystallise either as 
such or in the form of derivatives. They were therefore converted 
into ethyl esters, and these distilled under reduced pressure, giving 
fraction (a), b. p. 117—170°/11 mm., [ajff ■— 4*8°; fraction (b), 
b. p. 170—215°/11 mm., [a]g* — 4-8°, which from the long range 
of boiling point were obviously mixtures. 

Af ter many attempts to isolate a pure acid from these esters 
it was found that by hydrolysing them with sodium hydroxide 
in alcohol, a sodium salt, insoluble in alcohol, was produced, which 
though hygroscopic could be obtained in a granular condition by 
filtering rapidly from the excess of alcoholic soda, washing 
thoroughly with 96% alcohol, and (hying in a vacuous desiccator. 
More of this sodium salt was secured by distilling the solvent 
from the mother-liquors and boiling the residue with dry alcohol. 
Finally, the viscous residual mixture of soluble sodium salts was 
dissolved in water, shaken with ether to remove a small amount 
of neutral tar that had formed, then acidified, and the liberated 
acid recovered by extraction with ether. This solvent having been 
distilled off, the acid was boiled with baryta, the excess of the 
latter removed by carbon dioxide, the filtrate taken to dryness 
in a vacuum, and the residue boiled with alcohol, which caused 
the separation of an insoluble barium salt, a little more of which 
was obtained by repeating the process. Finally, there was left a 
comparatively small amount of a mixture of barium salts soluble 
in alcohol, from which a little more material could be separated by 
precipitation as the thorium salt, but this method was not pursued 
further. The insoluble sodium and barium salts, isolated as 
described above, were purified as far as possible by repeated boiling 
with 96% alcohol, and then gave the following results on analysis, 
which showed them to be salts of the same acid. Sodium salt. 
Found: Ha, 17*0%. Barium salt, Found: Ba, 39*1%. Calc, 
for C 9 H 14 0 6 Ha2, Ha, 17*4%; calc, for C 9 H 14 0 6 Ba, Ba, 38*6%. 
The free acid, regenerated from either the sodium or barium salt, 
boiled at about 210°/34 m and formed a colourless, viscid oil 
(Found: C, 54*0, 53*9; H, 6*4, 6*8. C 9 H 14 G 5 requires 0, 53-5; 
H, 6*9%). 

On direct titration with H-soda solution no definite end-point 
could be obtained but when the acid was boiled with excess of 
H-soda for at least 30 minutes and Hie excess of alkali titrated 
vol. cxxvn. 3l 
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back with ^-acid satisfactory end-points were reached and the 
amount of soda used was equivalent on the average to sodium 
(Na) 22-19%. For conversion of C 9 H 14 0 5 into C 9 H 14 0 6 Na 2 the 
amount of sodium (Na) required is 22-7%. 

The silver salt of the acid is relatively stable at atmospheric 
temperatures even on exposure to light; it dissolves in boiling 
water and if the solution is filtered rapidly from the small amount 
of reduced silver formed, re-deposits the salt on cooling as a colour¬ 
less granular powder, which, however, cannot be dried for analysis 
without the application of heat, which leads to reduction; and 
the results are always from 2 to 4% high in silver. Small amounts 
of the barium salt have been obtained in crystalline form by the 
cautious addition of alcohol to a 25% solution of the salt in water, 
but the crystals are very deliquescent, and it was not found practic¬ 
able to secure enough crystallised barium salt for examination in 
this way. 

The acid gave no derivative with semiearbazide, hydroxylamine, 
or phenylhydrazine. 

To a solution of 2*6 g. of the sodium salt in 30 c.c. of water 30 c.c. 
of Beckmann’s chromic acid mixture were added and the mixture 
was left standing with occasional agitation for 4 days. It was then 
thoroughly extracted with ether, which removed 1-52 g. of oily 
acids, smelling Strongly of acetic acid. This residue was left in 
a vacuum over caustic potash until the bulk of the acetic acid was 
removed, and then treated with solution of semiearbazide in alcohol, 
when in the course of a few hours it deposited a copious crop of 
crystals of a semicarbazone, m. p. 182° ; after recrystallisation 
from alcohol, this rose to 194° (corr.) and showed no change on further 
crystallisation and no depression when mixed with laevulic acid 
semicarbazone. The oxidation products of the acid are 

therefore laevulic and acetic acids, and in view of this and the 
results recorded above the authors regard this acid as a lactone of the 
acid OH-CHMe-CB^-CHg^CHfCBECOHJ-CKlgHj-CB^-OOgH (p. 1650). 

The acids regenerated from the barium salts soluble in alcohol 
referred to above also yield laevulic and acetic acids on oxidation 
with chromic acid and therefore probably still contain some of 
tlm CyS 14 (>5 lactone acid, which seems to be the principal product 
of the oxidation of limonene by permanganate in acetone solution. 


Oxidation by Permanganate in Water .—Fraction B (100 c.c.) 
was added in four portions to I litre of water cont aining 94 g. of 
potassium permanganate, and shaken occasionally till decolorised. 
The mixture was then steam-distilled to remove unchanged hydro- 
residual.liquor in the distillation flask, with the 


from the precipitated manganese dioxide, thoroughly 
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extracted with ether, yielding a little cum inaldehyde (derived 
from p-cymene), which was identified by a mixed melting point 
determination of the semicarbazone (m. p. 210°). The liquor was 
then concentrated to low bulk, made acid, and shaken with (i) ether 
and (ii) ethyl acetate. The ethereal extract after removal of the 
solvent was distilled under reduced pressure, and yielded two 
fractions, the first a thick oil and the second crystalline, m. p. 
159—160°, and consisting of ^’sopropenylbenzoic acid, formed by 
distillation of hydroxytsopropylbenzoic acid, which is known as an 
oxidation product of p-cymene under these conditions (Found: 
C, 73*6; H, 64. Calc, for C 10 H 10 O 2 : C, 74*1; H, 6*2%. Found 
in silver salt: Ag, 40*9. Calc, for C 10 H 9 O 2 Ag: Ag, 40*15%). 
The oily fraction gave a semicarbazone, which after recrystallis¬ 
ation melted constantly at 194° and showed no depression of 
melting point when mixed with laevulic acid semicarbazone (Found : 
C, 41*9; H, 6*7. Calc, for : C, 41*6; H, 6*3%). The 

ethyl acetate extract, on removal of the solvent, deposited a crystal¬ 
line acid, m. p. 195° (Found : C, 50*2; H, 6*4. C 8 H 12 0 5 requires 
C, 50*85; H, 6*4%). The substance remained unchanged in m. p. 
after recrystallisation from boiling alcohol and produced no depres¬ 
sion when mixed with hydroxyterpenylic acid, C 8 H 12 0 5 , already 
known as an oxidation product of d-limonene (Godlewski, J. Buss. 
Ghem. Soc., 1899, 31, 211). 

As lsevulic acid has not been previously mentioned as formed 
in the oxidation of limonene by permanganate in water, commercial 
limonene was oxidised as described above, and yielded hydroxy¬ 
terpenylic and lsevulic acids, but no cuminaldehyde or isopropenyl- 
benzoic acid. 

From the foregoing results it is clear that fraction B of the 
chenopodium oil hydrocarbons contains, in addition to jp-cymene, 
Z-limonene. 

Nature of Terpene A. 

As already stated, it has not been possible to isolate this terpene, 
or to obtain mixtures containing more than 10 to 12% of it as 
indicated by the amount of tetrabromide obtainable. For evidence 
of its constitution reliance has therefore had to be placed on (i) 
reactions of the only crystalline derivative, the tetrabromide, 
and (ii) the formation of certain substances when mixtures con¬ 
taining it are oxidised. 

Oxidation of the Total Hydrocarbon Fraction by Chromic Acid .— 
The total hydrocarbon fraction of chenopodium oil was oxidised 
as already described (be. cit. 9 p. 1717). After separation by steam 
distillation of the unattached hydrocarbons (2150 c.c. from 2500 e.c.) 
there remained in the distillation flask 70 g. (about 1*5%) of a thick 

3li2 
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oil, which, after drying, was distilled under reduced pressure, 
yielding an oil, b. p. 138—154°/19 mm,, and a hard, pitch-like 
residue, which decomposed on further heating. The' oil, after 
standing in solution in ether over potassium carbonate, was re¬ 
distilled in two fractions, b. p. 110—120°/15 mm. and 120— 
136°/15 mm. Both were pale yellow, viscous oils having a faint 
carvone-like odour; they yielded no solid derivatives with phenyl- 
carbimide or p-nitrobenzoyl chloride, but on addition of semi- 
carbazide in aqueous acetic acid solution were converted in the 
course of 3 days into semi-solid masses,, which, when rubbed with 
alcohol, became crystalline, m. p. 140° (air-dry) and 194° when 
completely dried at 100°; after reerystallisation from boiling alcohol, 
they melted at 157° (air-dry) or 204° (dried at 120° in a vacuum), 
and these melting points were unchanged after a further crystal¬ 
lisation from alcohol. The acetic acid of crystallisation (see below) 
persists when the air-dry substance is crystallised from boiling 
alcohol, but if the dried substance is recrystallised from alcohol 
or boiling water the product obtained melts at 204° and is anhydrous. 
From all solvents the substance forms rosettes of transparent 
prisms [Found: loss on drying at 120° in a vacuum, 21*2%. 
CnHi 9 02N s ,C 2 H 4 0 2 requires loss (acetic acid), 21*05%. Found 
in dried material: C, 58*6, 58*7; H, 8*6, 8*4; N, 19*2. C 11 H 19 0 2 N 3 
requires G, 58*6; H, 8*5; NT, 18*6%]. The substance is therefore 
a semicarbazone of a product, C 10 H 16 Q 2 , probably a Iceto-alcohoL 
When the semicarbazone is formed in presence of alcohol and acetic 
acid, or when it is repeatedly boiled with water, there is fearned 
a base which has only been isolated as the acetate, minute rosettes 
of needles, m. p. 206°, from water by slow evaporation, and the 
picraie , brilliant yellow needles, m. p. 158°, from acetone or acetone 
and benzene. This differs from the semicarbazone by the elements 
of a molecule of water [Found (i) in acetate: C, 57*5, 58*2; H, 
8*3, 8*1. C u H 17 0N 3 ,C2H 4 0 2 requires C, 58*05; H, 7*8%. Found 
(ii) in picrate: N, 18*6. C 11 H 17 0 N 3 ,C 6 H 2 (N 02 V 0 H requires 

N,19*3%3. 

It is clear from this that the semicarbazone readily undergoes 
internal condensation, losing a molecule of water, and on this 
account it is regarded as having the constitution represented by 
formula (VI), and the base C w H 17 ON 8 formed from it as having 
formula (VII). 

Only part of the oil reacts with semkarbazide solution and after 


the whole of the semioarbazone has been separated the mother- 
on dilution with water yields a thick oil, which can be 
ether. This could not be induced to crystallise, 
it fee distilled without some decomposition. It appears, 
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however, to be a derivative of a-terpinene, since on oxidation with 
aqueous permanganate it gave a good yield of the mixed upl¬ 
and para- forms of aS-dihydroxy-a-methyl-3-isopropyladipie acid, 
m. p. 189°, and showed no depression of melting point on addition 
of a recrystallised mixture in equal parts of these two forms of this 
acid (J., 1923, 123, 1878). 

In t his oxidation by Beckmann’s mixture, a-terpinene is converted 
into dimetkylacetonylacetone, the yield being about 3% of the 
total hydrocarbon fraction taken. The substance was identified 
by conversion into the semicarbazide derivative, which melted at 
201° and showed no depression of melting point when mixed with 
the semicarbazide derivative prepared from synthetic dimethyl- 
acetonylacetone (Found: C, 59*2; H, 8*9; N, 23*05. Calc, for 
C 9 H 15 ON 3 : C, 59*7; H, 8*3; N, 23*2%). Some p-tolyl methyl 
ketone was also formed in the oxidation, and was identified by 
means of its semicarbazone (Found : C, 62*1; H, 6*6. Calc., 
C, 62*8; H, 6*8%), m. p. 210°, which showed no depression when 
the substance was mixed with p-tolyl methyl ketone semicarbazone. 
a-Terpinene, d-limonene, and p-cymene have all been treated 
separately with Beckmann’s mixture, and their oxidation products 
are being examined, but none of them yields the substance C 10 H 16 O 2 
described above, and it seems safe to assume that this is derived 
from terpene A. 

Oxidation of the Total Hydrocarbon Fraction by Permanganate in 
Acetone. —When the total hydrocarbon fraction is oxidised by 
permanganate in acetone, the principal products are a mixture 
of the para- and anti- forms of aS-dihydroxy-a-methyl-S-isopropyl- 
adipic acids already described by the authors (J., 1923, 123, 1878) 
and dimethylacetonylacetone, resulting from the further oxidation 
of these acids derived from a-terpinene, p-tolyl methyl ketone, and 
a little cuminic acid, both arising from p-cymene, and a mixture 
of optically active oily acids identical with those, described above 
(p. 1653), derived from Z-limonene. The only other product was 
obtained by extracting the concentrated neutral aqueous liquors 
with ether, which removed a viscous, brown oil too small 
in amount to permit of direct purification. From this a crystalline 
semicarbazone was obtained, which on recrystallisation from boiling 
alcohol formed colourless needles, m. p. 204° (corn), which became 
yellow on exposure to light (Found: 0, 61*3, 61*5; H, 8*7, 8*15; 
N, 21*3- C 10 H 17 ON 3 requires C, 61*5; H, 8*7; N, 21*5%). On 
hydrolysis, the semicarbazone furnishes an oil smelling like a 
mixture of menthone and cu m in aldehyde, and from this oil the 
semicarbazone cannot be regenerated. This semicarbazone is 
optically inactive, and, if it comes from terpene A, should be 
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that of A 2 -tetrahydro-£>-tolyl methyl ketone, 0 9 H 14 0 (VHI), but as 
the yield of semiearbazone obtained only amounts to 0-24% of the 
total hydrocarbon fraction used, it has not been possible to 
accumulate enough for examination in detail. 

Tetrabromide of Terpene A.—The preparation and isolation of the 
tetrabromide has been described already (loc. cit., p. 1717). Of 
numerous attempts to use this tetrabromide as a means of gaining 
information regarding the constitution of terpene A , only the follow¬ 
ing hare given useful results. 12-5 G. of the tetrabromide were 
added to a solution of 1-9 g. of sodium in methyl alcohol, and 
the mixture, after boiling for 7 hours, was steam-distilled, when 
4*4 g. of a heavy, colourless oil were obtained, b. p. 115—120°/18 
mm., containing 30*2% of bromine (C 10 H 14 Br*OMe requires Br, 
32*6%). This appeared to be a monobromomethyl ether corre¬ 
sponding to the monobromomethyl ether which Wallach obtained 
from limonene tetrabromide (Annalen, 1894, 281, 127). The re¬ 
moval of the fourth bromine atom by the further use of sodium 
converted the monobromomethyl ether almost wholly into p-cymene. 
Unlike Wallach’s product, it did not after reduction yield a men- 
thenone by oxidation with either chromic acid or permanganate. 
It was only slowly attacked by either agent, and the products in 
both cases were £>-tolyl methyl ketone with a little p-toluic acid. 
In further experiments, silver acetate was used : 5-3 g. of the 
tetrabromide were shaken with 5-8 g. of silver acetate in 10 c.c. 
of acetic acid during 8 hours, then made alkaline with sodium 
carbonate, and shaken with ether, which removed a yellow, viscous 
oil (3-1 g.). This on solution in light petroleum (b. p. 40—60°) 
deposited some insoluble tar, and the oil thus purified, after drying 
over potassium carbonate and removal of the petroleum by dis¬ 
tillation and exposure in a vacuum until of constant weight, gave 
the following results : G, 52-8; H, 6-1; Br, 29-2 (C 10 H 14 Br*O*CO*CH 3 
requires 0, 52*6; H, 6-2; Br, 29*3%). The substance is there¬ 
fore a bromoacetQocydihydro-p-cymene (II) and this was confirmed by 
hydrolysing a weighed quantity (0*2175 g.) of the substance in the 
cold with a known amount of potassium hydroxide in alcohol 
(30*6 c.c. of A/10-KHO), the mixture being allowed to stand for a 
week, after which the excess of alkali (16*42 c.c. of N /10-KHO) 
was determined by titration with standard nitric acid. The 
amount of alkali used (14*2 c.c of 2VyiO-KHO}, after correction 
for a small amount of bromide (equal to 0*0478 g. Br) formed, was 
21*1%, whilst that required for the removal of one acetyl group 

is 20*5%. 

flfowte. g. of the bromoacetoxy-compound were agitated with 
of water to form an emulsion; to this 130 c.c. of Beckmann’s 
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chromic acid mixture were added in three portions at intervals of 
1 hour, and the whole was shaken for 8 hours. This was extracted 
with (1) light petroleum, b. p. 40—60°, and (2) ether, and the 
extracts were dried over anhydrous sodium sulphate. The 
petroleum extract (1) left an oily residue (2*9 g.) which was pungent, 
and had an odour of p-tolyl methyl ketone; on treatment with 
semicarbazide it yielded a semiearbazone which after crystallising 
twice from boiling alcohol formed colourless, opaque prisms melting 
constantly at 210° and showing a slight rise in melting point to 
211° when mixed with an equal quantity of p-tolyl methyl ketone 
semiearbazone prepared from synthetic material. The mother- 
liquor from the preparation of the semiearbazone was made alkaline 
with sodium carbonate and shaken with light petroleum, when it 
yielded 1*7 g. of an oil containing bromine and apparently con¬ 
sisting largely of unchanged material. The ether extract (2) yielded 
on re-extraction with sodium carbonate solution and acidification 
of this {a) terephthalic acid, colourless crystals, sub liming without 
melting above 280°, and (6) ^-toluic acid, m. p. 177°, showing no 
depression when mixed with a pure specimen of 53 -toluic acid. 

The authors desire to express their cordial thanks to Mr. E. 
Walton and Mr. S. E. Pusey for much assistance in the experimental 
work. 

Wellcome Chemical Research Laboratories, 

London. [Received, May 13 th, 1925.] 


CCXX.—iso Quinoline Derivatives. Part IX. Prepara¬ 
tion and Reduction of iso Quinoline and its Derivatives. 

By Robert Forsyth, Charles Ignatius Kelly, and Frank 

Lee Pyman. 


The reduction of papaverine (I) and iV-methylpapaverinium salts 
by means of tin and hydrochloric acid yields not only the expected 
tetrahydro-derivatives (II), but also, as by-products, the 2:4-di¬ 
hydro-derivatives, pavine and S -methylpavine. containing the 
unique dieyclic system (III) (Pyman, J., 1915, 107, 176, where 
earlier references are given). The present inquiry had the object 
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of determining whether the formation of by-products of this type 
on the reduction of fsoquinoline, by means of tin and hydrochloric 
acid, is a general property or not, and necessitated a quantitative 
study of the reduction of pure materials, for the quantities of 
these by-products to be expected were only small. Thus, the 
yields of pavine isolated by different investigators range from 8 
to about 25% (Pope and Gibson, J., 1910, *97, 2207), whilst the 
yield of JV-methvlpavine was 3% of the theoretical. 

The reduction of isoquinoline itself was first examined, for un¬ 
characterised by-products of its reduction to tetrahydroasoquinoline 
have been noticed by former investigators, and it was uncertain 
whether these were of the pavine type or due to impurities in the 
initial material. Experiments showed that pure isoquinoline 
can be reduced to tetrahy(ho isoquinoline in nearly theoretical 
(96%) yield. The effect of a 1-benzyl group was next studied, 
and here 1-benzylisoquinoline methiodide gave l-benzyl-2-methyl- 
tetrahydroisoquinoline in a yield of 85% of the theoretical, un¬ 
accompanied by any other organic base, the deficit being due to 
partial decomposition of the material with the formation of ammonia. 
Similarly, the only product isolated after reduction of 1-benzyl- 
isoqumoline (IV) was 1-benzyl-l : 2 : 3 : 4,-tetrahydro\s>oquinoline (V). 
The constitution of this substance was proved by its conversion 
into l-benzyl-2-methyltetrahydroisoquinoline on methylation. 


(IV.) 


n.nir pl 



CH’CELPh 
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CH* 
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The effect of methoxy-substituents in the woquinoline nucleus was 
next examined, and here also a negative result was obtained, for 
6: 7-dimethoxyMoquinoline (VI) gave 6 : 1-dimethoxy-l : 2 : 3 :4- 
tetrdhydroisoquiTioline (Vli) in a yield of 94% of the theoretical. 
The identity of the product was established by comparison with 
the product of reduction of 6 :7-dimethoxy-3 :4-dihydroisoquinoline 
(VIII) {Pyman, J., 1909, 95, 1610). Similarly, the reduction of 
6: 7-dim^JuKcyiaoquiTioline methiodide gave as the sole isolable 
product 6 :7-dimethoxy-2-methyltetrahydroisoquinoline {Pyman, 
J., 1909,95, 1266). 
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It has thus been shown that neither a 1-benzyl nor 6 : 7-dimethoxy- 
groups suffice to induce formation of compounds of the pavine type 
on the reduction of derivatives of isoquinoline, and the further 
investigation of this problem, which is contemplated, will necessitate 
the preparation and reduction of 1-benzyl-6:7-dimetho xyiso- 
quinoline and possibly also of 1 - veratryKsoquinoline. 

Of the isoquinoline derivatives required for this work, a part 
of the isoquinoline itself was isolated from coal tar by fractionation 
and crystallisation of the acid sulphate as described below, the 
yield being better than that obtained by Harris and Pope (J., 
1922, 121, 1029), using another method. Several methods for the 
preparation of 1-benzylisoquinoline were examined, and of these 
the only satisfactory one was that of Decker and Psehorr (Ber., 
1904, 37, 3397) by the action of benzyl magnesium chloride on 
^-methylisoquinolone and distillation of the 1-benzylisoquinoline 
methiodide produced. The oxidation of 1-benzyl-3 :4-dihydro- 
isoquinoline (Pictet and Kay, Ber., 1909, 42, 1973) gave only 3% 
of 1-benzylisoquinoline, and the dehydration of a-hydroxy- p-phenyl- 
acetylamino-a-phenylethane (A) by phosphorus pentoxide gave 
only 4% of 1-benzylisoquinoline. This last result is in accord with 
the work of Robinson (J., 1909, 95, 2167), who obtained only a 
trace of a picrate, suspected of being 1-benzylisoquinoline picrate, 
in this way, and is at variance with the results of Pictet and Gams 
(. Ber,, 1910, 43, 2386), who obtained a 40% yield. The latter 
authors, like Robinson, prepared the carbinol (A) by the reduction 
of o)-phenylacetylaminoacetophenone, but found it to melt at 123°, 
whereas Robinson found the m. p. 99°. Here, again, our results 
confirm those of Robinson, the carbinol (A) proving to melt at 99° 
whether prepared by Robinson’s method or by the action of phenyl- 
acetyl chloride upon p -hydroxy- p -phenylethylamine. 

The preparation of 6 :7-dimethoxyisoquinoline was effected 
essentially by the method of Rugheimer and Schon (Ber., 1909, 
42, 2374), that is, by the action of sulphuric and arsenic acids upon 
veratrylaminoacetal, but the technique has been improved, Vera- 
trylaminoacetal was prepared by the reduction of veratrylidene- 
aminoacetal, a more convenient method than the action of chloro- 
aeetai upon veratrylamine, the method of the previous authors 
(Ber., 1908,41 17). 

Expebimintu. 

Preparation of hoQuinoline .—Three gallons of “ crude pyridine 
bases ” (corresponding to 6 tons of coal tar) were dehydrated by 
shaking three times with aqueous sodium hydroxide (80° Tw.j, 
and the product (10*85 litres) was distilled up. to 170° and they^ 
fractionated through a 12-pear column. The various fractao/**' 

3 L* 
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b. p. 200—280°, were fractionated similarly twice more, when 2*3 
litres (2470 g.} of ee heavy quinoline bases/ 5 b. p. 230—255°, were 
obtained. This fraction was converted into acid sulphate, and 
crystallised fractionally from alcohol, when 185 g. of pure iso - 
quinoline hydrogen sulphate, m. p. 207*5° (corr.), were obtained* 
This gave 102 g. of the base, b. p. 242° (corr.) over a range of 0*5°; 
in. p. 24° (corr.). The yield of tsoquinoline from the “ heavy 
quinoline bases 55 is thus about 4%, whereas Harris and Pope (who 
refer to previous work on the subject, J., 1922,121, 1029) obtained 
only 1*5% by a more laborious method. 

Reduction of isoQuinoline. —woQuinoline (6-45 g.), alcohol (68 c.c.), 
hydrochloric acid (100 c.c. cone.), and granulated tin (42 g.) were 
heated on the water-bath under reflux for 12 hours. After cooling, 
the separated tin salts were collected (mother-liquor M) and de¬ 
prived of tin by means of hydrogen sulphide, when, on evaporation, 
crude tetrahydroisoquinoline hydrochloride (8*0 g.; m. p. 195°) 
was obtained. It was mixed with aqueous sodium hydroxide and 
distilled into hydrochloric acid, and the distillate gave, on evapor¬ 
ation, pure tetrahydroiaoquinoline hydrochloride (7*83 g.; m. p. 
196—197°. Hoogewerf and van Dorp, Rec. trav. chim 1885, 4, 
125, give m. p. 195—197°). The residue from the steam-distillation 
was extracted with chloroform, which removed a base giving a 
crystalline hydrochloride, the total residue as hydrochloride, m. p. 
280—290°, amounting to only 0*05 g. The mother-liquor M gave, 
after removal of tin, crude tetrahydroisoquinoline hydrochloride 
(0*3 g.; m. p. 190°; m. p. of mixture with the pure salt, 192°). 
The total yield of tetrahydroiaoquinoline is thus 96*35% of the 
theoretical. To establish its purity, 8*0 g. were mixed with carbon 
disulphide in dry ether, and the precipitated tetrahydrowoquinoline 
tetrahydroisoquinolyldithiocarbamate (Bamberger and Bieckmann, 
Ber 1893, 26,1208) was decomposed with hydrochloric acid, when 
7*86 g. of tetrahydrofsoquinoline hydrochloride of unchanged m. p. 
were recovered. 

1 -Benzylisoquinoline. — A. After Decker and Pschorr (Ber., 1904, 
37, 3397). Five g. of 1 -benzyl^oquinoline methiodide (from 
K -methylisoquinolone and benzyl magnesium chloride; yield 36% 
of pure salt, m. p. 248° [corr.]) were heated under 20—30 mm. until 
all methyl iodide was removed; the residue then distilled at 222° 
(corr.)/18 mm. Decker and Pschorr give 211—213°/11 mm. The 
distillate, which crystallised and melted at 55—56° (corr.), was 
converted into the hydrochloride, and more of this salt was recovered 
from the distillation residue (yield 3*5 g. = 86%). This salt 

K ^ystallises from water in colourless, elongated prisms, which con- 
in 2 H 2 O and melt below 100°, but after drying first in a vacuum 
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and then at 100°, the substance melts at 185—187° (corr.). Decker 
and Pschorr give m. p. 171—172°; Pictet and Gams, 175° (Found : 
HgO, 12*0. Calc, for 220*0, 12*4%. Found, in dried salt: Cl, 
13*9. Calc., Cl, 13*9%). The picrate melted at 184° (corr.). 
Decker and Pschorr give 184—185° (corr.). 

B. After Pictet and Kay (Ber., 1909, 42, 1973). To 1-benzyl- 
3 : 4-dihydroisoquinoline (2 g.; b. p. 196—197°/12 mm.) in glacial 
acetic acid (100 c.c.) at 100°, potassium permanganate (1 g.) in 
water (200 c.c.) was added with shaking in 1J hours, and the 
mixture was heated for another hour. After basifying, ether 
removed an oil (0*8 g.) which was converted into the picrate and 
crystallised fractionally from alcohol, when 0*11 g. of the nearly 
pure salt was obtained (yield 3%; m. p. 181—182° [corr.]; not 
depressed after mixture with an authentic specimen). Numerous 
attempts to improve upon this yield by varying the conditions 
were unsuccessful. Pictet and Kay do not state their yield, but 
indicate that it was poor. 

C. After Robinson (J., 1909,95,2167) and Pictet and Gams (Ber., 
1910, 43, 2386). a>-Phenylacetylaminoacetophenone (from phenyl- 
acetyl chloride, a>-aminoacetophenone hydrochloride, and sodium 
hydroxide; yield 50%; m. p. 103°) was reduced by Robinson's 
method and gave a-hydroxy-p-phenylacetylamino-a-phenylethane 
(yield 73%; m. p. 99° as stated by Robinson). On attempting 
the reduction under the conditions employed by Pictet and Gams, 
a poor yield of a crude product, m. p. 73°, was obtained. a-Hydr- 
oxy-P-phenylacetylamino-a-phenylethane was also prepared by 
mixing 2 g. of (3-hydroxy- [3-phenylethylamine carbonate (Wolfheim, 
Ber., 1914, 47, 1440) with phenylacetyl chloride (2*5 g.) and 20% 
aqueous sodium hydroxide (15 c.c.), and after purification melted 
at 99°, alone or mixed with the substance made by Robinson's 
method. 

a-Hydroxy-(3-phenylaeetylammo-a-phenylethane (40 g.; m. p. 
99°) in xylene (200 c.c.) was dehydrated by phosphorus pentoxide 
(200 g.), and the basic products were collected as described by 
Pictet and Gams, and converted into the hydrochloride, when 
1 -benzylisoquinoline hydrochloride (1*8 g.; m. p. [dry] 185°; yield 
3*9%) was obtained. A specimen of the picrate prepared from this 
salt had m. p. 184° (corr.), alone or mixed with an authentic 
specimen. 

Reduction of 1 -BenzylisoquiTwline. —1 -Benzylisoquinoline hydro¬ 
chloride (4*0 g.; air-dried), alcohol (20 c.c.), concentrated hydro¬ 
chloric acid (20 + 10 c.c.) * and tin-foil (10 + 2*5 g.) were digested 

* In this and the following reductions additional quantities of hydro¬ 
chloric acid and tin were added after some hours. ^ 

31**2 
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for 21 hours on the water-bath. Water was added, tin removed, 
and the solution concentrated and mixed with sodium iodide, when 
pure 1-benzyl-l ; 2 : 3 : 4-tetrahydroz'soquinoline Hydriodide (3*75 g.; 
anhydrous, m. p. 167—168°) separated. The filtrate was mixed 
with sodium hydroxide and extracted with ether, 0-2 g. of brown 
oil being obtained. This was not wholly basic, but gave a turbid 
solution with hydrochloric acid. After filtration through charcoal 
and addition of sodium iodide, 0*22 g. of the above iodide, m. p. 
(crude) 145—155° (not depressed by mixture with the pure 
salt), was deposited, which after crystallisation from water gave 
0-.15 g., m. p. 162—165°. The total yield is thus 81% of the 
theoretical. 

1-Benzyl A : 2 : 3 : ^-tdrahiydroisoquinoline hydriodide , colourless 
well-formed prisms from water, has m. p. (substance dried at 100°) 
167—168*5° (eorr.). It is sparingly soluble in cold water (Found : 
loss at 100°, 5 0. C 16 H 17 lSi,HI,B^O requires ILjO, 4*9%. Found, in 
dried salt: C, 54-8; H, 5*1; I, 36-3. C 16 H 17 N,HI requires C, 54-7; 
H, 5-1; I, 36*2%). The base (V) was a colourless, viscous oil, 
which did not crystallise after keeping for 2 days over sulphuric 
acid in a vacuum. The pic rate crystallised from alcohol in deep 
yellow, prismatic needles, m. p. 166—167° (corr.) after drying 
at 100°. 

Methylation ,—1 -Benzyltetrahydro^oquinoline and methyl iodide 
were heated for a few minutes under reflux, and after removal 
of uncombined methyl iodide a gummy product remained, doubt¬ 
less a mixture of the hvdxiodides of the secondary and tertiary 
bases with the methiodide of the latter. The bases regenerated 
from this by means of sodium hydroxide and ether were crystallised 
fractionally as pierates, when l-benzyl-2-methyltetrahydroiso- 
quinoline pierate separated first. It had m. p. 165—166° (corr.), 
alone or mixed with a specimen prepared by the reduction of 
1 -benzylwoquinoline methiodide, and the hydriodides from the two 
sources also proved to be identical. 

Reduction of 1 -Benzylisoquincline Methiodide.— The pure meth¬ 
iodide (10 g.; m. p, 248° [corr.]), alcohol (40 c.c.), hydrochloric 
acid (40 -f* 20 c.c. cone.), and tin-foil (20 + 5 g.) were heated on 
a water-bath under reflux for 24 hours. After distilling the alcohol, 
water was added, when the bul k of the organic tin salts were 
deposited (mother-liquor L). The g umm y deposit was dissolved 
in water, and deprived of tin by means of hydrogen sulphide. The 
filtrate was evaporated under diminished pressure to remove excess 
of hydrochloric acid, and the residue was dissolved in water and 
mixed with sodium iodide, when pure l-benzyl-2-methyl-l: 2 : 3 : 4- 
tetrahydro^oquinoline hydriodide (8-33 g.) was deposited. Before 
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and after crystallisation from alcohol, it melted at 174—175° 
(corr.), separating from alcohol in prismatic columns as stated by 
Freund and Bode (Ber., 1909, 42, 1746), who give m. p, 175—180°. 
The picrate crystallised from alcohol in rhombic tablets, m. p. 165— 
166° (corr.), as stated by these authors. The mother-liquor L was 
deprived of tin, mixed with the filtrate from the above hydriodide, 
basified with sodium hydroxide, and extracted with ether, which 
removed an oily base (0*35 g.). This was converted into the 
hydriodide (0*4 g.; m. p. 166—170°) and crystallised from alcohol, 
when 0*25 g. of the pure salt was obtained. The total yield of 
the pure salt is thus 86% of the theoretical. The liquor from 
which the base was extracted contained ammonia. A similar result 
was obtained on repetition of this experiment, an 84% yield of the 
pure hydriodide being obtained. 

6 : 7 -Dimethoxyisoquinoline .—Veratraldehyde (52*4 g.) and amino- 
acetal (42 g.) were heated for several hours on the water-bath, 
until the water, which soon separated, had evaporated. The 
crude product, obtained in theoretical yield, had m. p. 53—58°, 
and after crystallisation from ether gave veratrylideneamirioacetal 
in nearly colourless, very pale yellow, well-formed plates, m p. 
61—62° (corr.) (Found : C, 64*1; H, 8*3. requires C, 

64-0; H, 8*2%). 

Crude veratrylideneaminoacetal (50 g.) in absolute alcohol * 
(0*5 litre) was reduced by the gradual addition of sodium (50 g.) 
and more alcohol. After water had been added, ether collected 
nearly pure veratrylaminoacetal, which, after removal of solvents 
at 100°/15 mm., amounted to 45 g. and was suitable for use in the 
next operation without distillation. 

Veratrylaminoacetal has b. p. 208° (corr.)/15 mm. (Found: C, 
63*4; H, 8*8. C 15 H 25 0 4 N requires C, 63*6; H, 8*8%). Rugheimer 
and Schon (Ber., 1909,42, 2374), who did not analyse the compound, 
give b. p. 197°/11 mm. 

Arsenic pentoxide (5 g.) was dissolved in warm water (1 c.c.), 
concentrated sulphuric acid (10 c.c.) added, and the whole cooled 
in a freezing mixture. Crude veratrylaminoacetal (5 g.) was run 
in a few drops at a time with thorough rubbing to dissolve the 
viscous product. A homogeneous solution was obtained in about 
J hour, and was kept for 1 hour at the ordinary temperature, and 
then heated for 1 hour at 100°. The products from 10 such experi¬ 
ments were diluted with water (100 c.c.) and mixed with sufficient 
20% aqueous sodium hydroxide to neutralise the bulk of the acid. 
After cooling, an amorphous precipitate was removed by filtration, 

* Fusel oil (at 130°) cannot be substituted for absolute alcohol in tbis 
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and the liquor basified with sodium hydroxide and extracted with 
chloroform, (Distressing emulsions are obtained if the removal 
of the amorphous precipitate is omitted.) The chloroform residue 
was mixed with hydrochloric acid, the solution evaporated to dry¬ 
ness, and the residual hydrochloride crystallised several times 
from alcohol. From the final mother-liquors, the base was regen¬ 
erated by sodium hydroxide, and extracted with chloroform. 
The chloroform residue was extracted twice with hot ether, and 
the extract converted into hydrochloride and crystallised from 
alcohol. In this way, veratrylaminoacetal (50 g.) gave 8*5 g. of 
pure 6:7-dimethoxyisoquinoIine hydrochloride (dried at 100°), 
that is 21% of the theoretical. Rugheimer and Schon describe 
the yield as “ satisfactory.” This salt crystallises from alcohol in 
nearly colourless needles, containing 3H 2 0, which are lost at 100°; 
when anhydrous, it melts and effervesces at 221° (corr.). Rugheimer 
and Schon give 208—210° (decomp.). The base separated from 
ether in large prisms, m. p. 93° (corr.); Rugheimer and Schon give 
93—94°. 

6: 7 -IHmeihoxyisoqmTioline methiodide is formed when the base 
is mixed with methyl iodide. It is sparingly soluble even in hot 
alcohol, from which it separates on cooling in pale buff, glistening, 
anhydrous needles, m. p. ca. 256° (decomp.; corr.) (Found : I, 38*3. 
CjsPmOJSI requires I, 38*4%). 

Reduction of 6 : 7 -Dimethoxyisoquiiioline. —The pure base (4*8 g., 
m. p. 93°), alcohol (20 -f 5 c.e.), concentrated hydrochloric acid 
(20 + 20 c.c.), and tin-foil (20 g.) were digested for 30 hours on the 
water-bath. The product was dissolved in hot water (0*7 litre) 
and freed from tin by hydrogen sulphide; on concentration, 5*22 g. 
of pure 6:7-dimethoxytetrahydrotfioquinoline hydrochloride were 
obtained (in three crops). The mother-liquor was evaporated to 
dryness and mixed with alcohol, when 0*2 g. of the same salt, 
m. p. 260° after sintering from 256°, separated; the mother-liquor 
from this, when evaporated to dryness and mixed with absolute 
alcohol, deposited a further 0*05 g. (m. p. 242—245°; mixed with the 
pure salt, m. p. 252—258°). The total yield (5*47 g.) amounts to 
94% of the theoretical. The final mother-liquor gave on evaporation 
to dryness a gummy residue (0*11 g.), from which no crystalline 
base or salt could be obtained. 

6:7- Dimethoxy - 1: 2 : 3 :4 - teirahydroisoquiTioUne hydrochloride 
crystallises from water in colourless quadrilateral plates, m. p. 262° 
(corr.). It is readily soluble in cold water, and very readily soluble in 
hot water, but sparingly soluble in cold alcohol (Found: C, 57-8; 
H, 7-2. requires C, 57*5; H, 7*0%). The piercde 

crystallised from alcohol in broad, yellow needles, m. p. 202—203° 
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(corr.). The base (VII) crystallised from chloroform in colourless 
plates, which were easily soluble in chloroform, but sparingly 
soluble in ether. It readily takes up carbon dioxide from the air, 
and was not obtained free from carbonate (m. p. 80—130°). 

6 :7-Bimethoxytetrahydroit9oquino3ine was also obtained by the 
reduction of 6 : 7-dimethoxy-3 : 4-dihydroisoquinoline with tin and 
alcoholic hydrochloric acid. The hydrochloride and picrate from 
this source had the m. p.’s recorded above, alone or mixed with the 
corresponding salts from the reduction of 6:7-dimethoxyiso- 
quinohne. 

Reduction of 6 : 7 -Dimethoxyisoquinoline Methiodide. —The pure 
methiodide (10 g.), alcohol (40 c.c.), concentrated hydrochloric 
acid (40 + 20 c.c.), and tin-foil (20 + 5 g.) were digested for 18 
hours on the water-bath, and the product was deprived of tin by 
means of hydrogen sulphide. The residue remaining after evapor¬ 
ation of the water was dissolved in water and mixed with picric acid 
(7 g.) in hot water (300 c.c.), when, on cooling, 10*45 g. of 6 : 7-di- 
methoxy-2-methyl-1: 2 : 3 : 4-tetrahydro^oquinoline picrate, m. p. 
158° (corr.), separated. The base (0*25 g.) regenerated from the 
mother-liquors was converted into picrate and gave 0*35 g. of the 
above salt, m. p. 152—153°. The total yield is thus 82% of the 
theoretical. The identity of the salt, for which Pyman (loc. cit.) 
gives m. p. 159—160° (corr.), was confirmed by the preparation 
from it of the hydrochloride, m. p. (dry) 217—218° (corr.), and 
base, m. p. 83—84° (corr.) (Pyman gives m. p. 216—217° [corr.] 
and 83—84° [corr.] respectively), and by comparison of the latter 
with an authentic specimen prepared by the reduction of 6:7-di- 
methoxy-3 : 4-dihychozsoquinoline methiodide (mixed m, p. 83—84° 
[corr.]). 
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CGXXI .—The Surface Tensions of Aqueous Phenol Solu¬ 
tions. Part IL Activity and Surface Tension . 

By Ar thur Kehxeth Goard and Eric Keightley Bideag. 

The equation of Gibbs deter mi ning the surface adsorption of 
substances in solution (“ Equilibrium in Heterogeneous Systems/’ 
Scientific Papers, Vol. H) should strictly be written in the form 
r = — dcrjdp , where <r = surface tension and p = -f- ET log* a. 

r is here the excess concentration (positive or negative) of the 
solute at the surface and a is the mean activity of the solute (compare 
Lewis andBandall, 44 Thermodynamics/’ New York, 1923). 

Very little attempt has been made hitherto to apply this equation 
to actual cases, most workers having dealt with systems in which 
the activity can be equated approximately to the bulk concentration 
of the solute. Since it is frequently just in concentrated solutions, 
where this equality fails to hold, that adsorption phenomena become 
important, it is highly desirable that the strict form of the Gibbs 
equation should be more widely adopted. As a simple example of 
the use of activities, we may take the case of a binary liquid mixture 
at its critical solution temperature, where a small change in the 
relative proportions of the components does not affect the surface 
tension, regardless of the amount of surface adsorption (Lewis and 
Bandall, op. cit., Chap. XXI, Exercise 7). It further follows that in 
the region of this critical point, unless the adsorption exhibit very 
sudden and violent changes, the surface tension is largely inde¬ 
pendent of the relative concentrations of the two components. In 
Part I of this investigation it was shown that the difference between 
the surface tensions of the two liquid phases formed by phenol 
and water was only 0*33 dyne/cm. at 0°, and that this difference 
diminished continuously up to the critical solution temperature. 
She surface tensions of the two phases are thus remarkably simil ar, 
despite large differences of composition. A generalisation of t his 
Mud was stated empirically by Antonov in 1907 (J. Chim. Phy$. 9 
1907, 5, 364}; it is now seen to be the natural result of the activity 
relations displayed by two liquids in the 44 critical zone/’ 

As an example of the opposite kind, in which the activity of a 
solute may undergo great alteration without any change of con¬ 
centration, we may take the 44 salting out ” of organic substances 
from aqueous solutions by the addition of inorganic salts, e.g. 9 that 
of phenol by sodium chloride. Various experimenters have shown 
that the toxicity of phenol in aqueous solution is increased by the 
addition of salt; their results have been summarised by Lash 
Miller (J. Physical Ghent. 9 1920, 24, 562). Berezeller (Biochem. Z., 
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1914, 66, 173, 191, 202} showed that this increase was accompanied 
by a lowering of the surface tension. Miller (loc. tit.) suggested that 
both these phenomena are due to an increase in the chemical poten¬ 
tial of the phenol; and Lemon (J. Physical Chem ., 1920, 24, 570) 
and Laird (ibid., p. 664) showed that approximately the same 
toxic power was exhibited by all “ equivalent ” phenol solutions— 
ix., solutions of phenol in water containing different amounts of salt, 
but all in equilibrium with the same solution of phenol in some 
immiscible solvent ( e.g kerosene). 

A more precise investigation of the relation between the surface 
tensions and activities of such solutions being desirable, the system 
phenol-sodium chloride-water was chosen for this purpose. To 
determine the phenol activity in aqueous solutions containing salt, 
analysis of the vapour proved inadequate, the partial pressure of 
the phenol being too small to allow of accurate measurement, and 
a partition method in which amyl alcohol was used as the second 
solvent failed because the distribution of amyl alcohol itself was 
affected by the presence of salt. Paraffin oil, however, being nearly 
insoluble in water, was practically free from this disadvantage. 

The concentration of phenol in paraffin in equilibrium with a 
saturated aqueous solution of the former is small (about 0*2 mole/ 
litre). Unfortunately, from zero concentration up to fifth molar, 
the activity of phenol in paraffin is not directly proportional to the 
concentration (see Table I); otherwise, its determination would be 
very simple. Since phenol associates in water, the curve relating 
its activity in water to its concentration therein must be concave 
towards the concentration axis (i.e., the activity increases more 
slowly than the concentration). The experimental curve relating 
the concentrations of phenol in paraffin in equilibrium to the 
corresponding concentrations in water was, however, convex towards 
the latter axis, showing, as might indeed have been anticipated, 
that phenol associates more rapidly in paraffin than in water. 

An independent method of determining the phenol activity is 
therefore necessary in order that the concentrations of phenol in 
paraffin may be referred to the true activities of the former. Prom 
data supplied by Peddle and Turner (J., 1911, 99, 691), it is possible 
to calculate the approximate activity of phenol in salt-free solution, 
up to 0*55 M, if the effect due to heat of dilution be neglected. By 
refaring these to the values in Table I, using a rough extrapolation 
to cover the higher phenol activities, we were able to draw a set of 
curves giving the relation between the concentration of phenol in 
the aqueous phase and the phenol activity. These curves were 
now initially concave towards the concentration axis. 

Beyond a certain point, however, which corresponded to a (MJkf- 
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solution of phenol in pure water, the curves were inflected, becoming 
convex. This inflection was undoubtedly due to insufficient 
correction of the original data; at higher concentrations the effect 
of heat of dilution probably becomes of importance. Analysis 
of the freezing-point data by Lewis and Randall’s method (constancy 
of j/m) also indicated that errors in the activity values might he 
expected to become considerable at concentrations much beyond 
the above. In particular, the graphical extrapolation necessary 
over the regions of higher activity is very sensitive to error. 

It was decided, therefore, to assume that the activities, as calcu¬ 
lated by the freezing-point method, were sensibly correct up to a 
value of about 0-3 (Le. 9 that corresponding to a 0*4if-solution of 
phenol in pure water). Beyond this, the relation between activity 
and concentration was assumed to be expressed by a graphical 
extrapolation of each curve, preserving throughout the extrapolated 
region the curvature of its earlier portion. This procedure was in 
some measure justified (a) by the fact that for the curves relating 
to the higher salt concentrations the extrapolation was nearly 
linear, and (b) by the observation that if the corrected activities, as 
obtained separately from each of the curves, were all referred to a 
common diagram expressing the relation between phenol activity 
and concentration in paraffin solution, a set of points was obtained 
which lay, with very small deviations, on a single curve. 

Finally, therefore, a smooth curve was drawn through these 
points, relating the concentration of phenol in paraffin to its cor¬ 
rected activity; and from this curve the values given in column IV 
of Table I were obtained. The results are shown in Fig. 1; curves 
I—VI give the activities of phenol in aqueous solutions containing 
0, 5, 10, 15, 20, and 25 g. of sodium chloride per 100 c.c. of solution 
respectively. The nature of the second, graphical, correction of 
activities is shown in curve V, where the dotted curve indicates the 
inflection obtained at higher concentrations, using the extrapolation 
from the freezing-point data of Peddle and Turner. 

The experimental procedure adopted to determine the partition 
of the phenol was as follows : 20 c.c. Portions of a phenol solution 
of known concentration were placed with 20 c.c. of paraffin oil in 
glass-stoppered bottles, to which weighed amounts of salt had been 
added, immersed in a thermostat at 20°. The mix tures were shaken 
vigorously and repeatedly for some hours, and 10 c.c. of the lower, 
aqueous, layer were then removed and the phenol content was 
estimated by Koppeschaar’s method, using a standard solution of 
potassium bromate and bromide. The phenol content of the 
paraffin phase was estimated by difference, save in the case of those 
solutions which* comprised three-phase mixtures : water -f- phenol -f- 
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salt, a phenol-rich phase, and phenol + paraffin. Of these mixtures, 
which are marked 4< saturated ” in Table I, the aqueous phase was 
estimated as before; 10 c.c. of the paraffin phase were then removed, 
and shake n with an equal volume of water, From the amount of 
phenol passing into the water, it was possible, by means of previous 
measurements of the partition of phenol in the absence of salt, to 
estimate the amount of phenol present in the paraffin phase of the 
original mixture. 


Table I. 

Column I gives the concentration. o£ sodium chloride in moles/litre; column 
la, the salt concentration in g./lOO c.c. of solution. 


Salt cone. 

Phenol concentration (mole/litre). 

IV. Corrected 

I. 

la. 

II. In water. 

HI. In paraffin. 

phenol activity. 

0 

0 

0*069 

0*014 

0*067 



0*206 

0*044 

0*189 



0*419 

0*098 

0*345 



0*663 

0*166 

0*462 



0*889 (sat.) 

0*228 

0*526 

0*855 

5 

0*064 

0*019 

0*090 


0*188 

0*062 

0*244 



0*304 

0*111 

0*374 



0*366 

0*145 

0*432 



0*510 (sat.) 

0*265 

0*550 

1*71 

10 

0*059 

0*024 

0*110 


0*170 

0*081 

0*300 



0*214 

0*111 

0*374 



0*350 (sat.) 

0*292 

0*558 

5*57 

15 

0*052 

0*030 

0-134 



0*147 

0*103 

0*356 



0*180 

0*147 

0*436 



0*236 

0*281 

0*556 

3*42 

20 

0*046 

0*036 

0-158 



0*124 

0*126 

0-400 



0*146 

0*179 

0*476 



0*180 

0*336 

0-576 



0*182 (sat.) 

0*353 

0-580 

4*28 

25 

0*040 

0*043 

0-180 



0*102 

0*148 

0-438 



0*114 

0*211 

0*508 



0*134 

0*395 

0*588 


The Surface Tensions of Aqmms Phenol, and Phenol-Salt , Solutions . 

In these experiments the phenol content was estimated by titra¬ 
tion, and the surface tensions were determined by the drop-weight 
method, using the apparatus previously described (Goard and Rideal, 
this vol., p. 780). The densities of the solutions of sodium chloride 
were taken from Kohlrausch, the difference of density (which is 
small) due to the phenol being taken as directly proportional to the 
phenol concentration. 

All measurements were made at 20°. The weight of ten drops 
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was ascertained, the mean weights given below being calculated 
from several closely concordant determinations. 


Table IL 


The first column gives the salt concentration in moles/litre, the second 
column the concentration in g./100 c.c. of solution. 


Salt cone. 

Phenol cone. 

Mean wt. of 


Surface tension 

I. 

n. 

(mole/litre). 

10 drops (g,). 

Density. 

(dynes/em.). 

0 

0 

0 050 

0*8442 

0*999 ’ 

67*88 



0*127 

0*7473 

0*999 

60*10 



0*268 

0*6398 

1*000 

51*58 



0-496 

0*5550 

1-003 

44*97 



0*889 

Surface tension taken from Part I 39*98 

1*71 

10 

0*053 

0*7988 

1*064 

64*26 

3-42 

20 


0*7416 

1*125 

59-68 

5-13 

30 


0*6749 

1*182 

54-61 

6*15 

36 


0*6492 

1*215 

52-68 

1*71 

10 

0-127 

0*6811 

1-065 

55*14 

3*42 

20 


0*6100 

1-126 

49-43 

4*2$ 

25 


0*5616 

1-154 

45-32 

4*70 

27*5 


0*5451 

1-169 

44-23 

4*96 

29 


0*5452 

1*180 

44-18 

1-71 

10 

0-223 

0*5891 

1*066 

47*93 

2-57 

15 


0*5489 

1*097 

44-48 

2-98 

17*5 


0*5281 

1*112 

42*75 

3-42 

20 


0*5243 

1*127 

42*50 

0*85 

5 

0-344 

0*5680 

1*035 

46*02 

1-37 

8 


0*5449 

1*053 

44-15 

2*05 

12 


0*5156 

1*080 

41*78 

2*22 

13 


0*5121 

1*086 

41*59 


In Fig. 2, the surface tensions of phenol solutions containing 
different amounts of salt (obtained by graphical means from Table II) 
are shown plotted against the logarithm of the corresponding phenol 
activities. Curves I—VI represent solutions contain in g 0,5, 10 . . . 
25 g. of salt per 100 c.c., respectively (corresponding thus to curves 
I—VI in Fig. I). 

Considering first curve I, it will be observed that, as the activity 
of the phenol increases, the slope of the curve also increases, at first 
rapidly, then much more slowly, up to the point of saturation. The 
whole curve, in fact, strongly resembles those reproduced by Harkins 
for aqueous solutions of the lower fatty acids (“ Surface Energy in 
Colloidal Systems,” Chap. VI, Yol. I of “Colloidal Behaviour.” 
Bogue, New York, 1924). 

The maximum value of the adsorption, r, found by drawing a 
tangent to the curve at its steepest point, and taking the mean of 
several such determinations, is 69*2 ± lx IQ" 11 g.-mol. per sq. cm- 
If we follow Langmuir (J. Amer. Chem. Soc 1917, 39, 1848) in 
assuming that the surface layer is comprised in a unimolecular 
fihn, the area, A, occupied by a single molecule at the surface is 
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given by A = l/TN, whence A = 23*8 ± 0*5 x 10' 16 sq. cm. 
The value found by Adam (Proc. Roy . Soc., 1923, A , 103, 676) in 
the cases of p-hexadecyl- and p - octadecyl-phenol was also 
23*8 A.U. This, he considers, represents the area of cross-section of 
the benzene nucleus. The agreement here can scarcely be accidental; 
it indicates that the molecules of ordinary phenol form a uni- 
molecular film at the surface, the hydroxyl groups being drawn 
inwards, leaving the plane of the benzene nucleus at right angles 
to the surface. 

Fig. 1. 


Activity of phenol in aqueous solution . 



The thickness of the adsorbed layer can only be calculated by 
assuming a value for the density, which is probably nearly that 
of pure phenol. The density of solid phenol at 33° is 1-06; that of 
the phenol-rich phase formed at 20° is 1*05. The thickness of the 
adsorbed layer, taking the latter figure, is 6*4 A.U. The probable 
length of the benzene ring is given by Adam as about 6 A.U. . 

These values differ considerably from those given by Langmuir 
(loc. cit), who, from data furnished by Morgan and Egloff ( J. Amer. 
Chem. /Soc., 1916, 38, 555, 844), deduces that the phenol molecule, 
of mean area 34 A.U., lies flat on the surface of the solution. This 
difference is principally due to the fact that Lan gmuir assume d the 
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phenol activity to be throughout proportional to the concentration. 
If the present values for the surface tensions be plotted against the 
logarithms of the concentrations , the maximum apparent value of 
T is reached in the middle of th$ curve, at a concentration of phenol 
of about 0*2 mole/litre, after which there is a decrease of slope, and 
consequently a decrease in the apparent value of the adsorption, 
due to the fact that no allowance has been made for association of 
the phenol. 

Fig. 2. 



Considering now the curves formed by solutions of phenol con¬ 
taining salt, we see that they lie parallel to curve I, and have the 
same slope at corresponding activities. It follows that the amount 
of phenol adsorbed at the surface of equi-active phenol solutions 
is independent of the concentration of salt in the solution. The 
curves are, however, not coincident, showing that the salt has an 
effect on the actual value of the surface tension. The extent of 
the displacement of the curves shows this effect to be nearly the same 
as that of salt on pure water. At higher concentrations, however, 
the effect of salt on the phenol solutions diminishes, the curves for 
15, 20, and 25% of salt being closer together than those for 0, 5, and 
10%. With pure water, on the other hand, the effect increases as 
the salt solution becomes more concentrated. 
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Discussion of Results . 

The results described in this paper do not seem to support the 
now well-known theory of surface tension proposed by Langmuir 
(loc. cit.) and Harkins (op. tit.), which maintains (1) that the 
surfaces of liquids containing asymmetric molecules consist of a 
unimolecular film of these molecules, oriented in such a way that 
their more active portions are drawn inwards, and (2) that “ the 
surface energy of a liquid is thus not a property of the group mole¬ 
cules, but depends only on the least active portions of the molecules, 
and the manner in which these are able to arrange themselves in the 
surface layer” (Langmuir, loc. cit.). We have seen that there is 
good reason to suppose that the adsorbed layer at the surface of 
aqueous phenol solutions, at least when these approach saturation, 
consists of a unimolecular film of oriented phenol molecules. 
This is in accordance with the views of Langmuir; but further 
consideration must lead us to hesitate before ascribing, as this 
theory postulates, the actual surface tensions of the solutions 
entirely to the effect of the stray fields of force surrounding the 
outer layers of atoms. 

Langmuir supposes the surface tension of an aqueous salt solution 
to consist of a unimolecular layer of oriented water molecules; 
but if these oriented molecules, by virtue of their stray fields, are 
alone responsible for the elevation of the surface tension, it is 
difficult to conceive that their effect should be largely unaltered by 
the presence at the surface of a closely packed layer of phenol 
molecules. Yet we have seen this to be the case. It would seem 
that, besides the effect of the surface film, it is necessary to take into 
account what may be called the “ foundation " of the film. This is 
further indicated by the form of the curves obtained if the surface 
tensions given in Table II are plotted against salt concentration. 
The lowering of surface tension is at first nearly linear; with increas¬ 
ing salt concentration, the rate of fall increases somewhat up to a 
point of inflection, shortly after which a second phase separates; 
the surface tension varies very little beyond this point. Close 
inspection of the curves shows that there is no marked discontinuity 
at the cc salting-out ” point; for some little distance before the point 
is actually reached the rate of fall of surface tension diminishes, 
indicating possibly a thickening of the surface film of phenol mole¬ 
cules. Even here, however, the effect of the salt persists; since the 
actual value of the surface tension at different salting-out points 
varies with the salt concentration. 

We must conclude, therefore, that although the presence of a 
unimolecular film of oriented phenol molecules at the surface 
is probably the chief factor in determining the surface^ 



1676 BROMINATION OF ACYL DERIVATIVES OF PHENYLHYDRAZINE. 

the molecules at greater depths have also an influence upon it. 
Recent work by Iredale {Phil Mag., 1923, 45,1088; 1924,48, 177), 
Wilson (Physical Rev., 1920, 16, 8), and Terzaghi (ibid., p. 54) 
indicates that molecular forces may be active over ranges con¬ 
siderably exceeding the length of a single molecule. A complete 
theory of surface tension should cover both the surface Aim and the 
“ foundation ” upon which that film rests. 

Department op Physical Chemistry, 

Cambridge University. [Received, May 10 th, 1925.] 


CCXXIL —Bromination of Acyl Derivatives of Phenyl- 
hydrazine . Preparation of 2: 4 -Dibromophenyl- 

hydrazine . 

By James Ernest Humphries and Boy Evans. 

Bromination, even with excess of the halogen, of the acetyl and 
benzoyl derivatives of phenylhydrazine in cold chloroform or carbon 
tetrachloride does not produce diazonium salts (compare Michaelis, 
Ber., 1893, 26, 2190; Vaubel, J. pr. Chem., 1894, 49, 540; 1897, 
55, 220). The formation of diazonium salt in Michaelis 5 s experi¬ 
ment appears to have been due to the action of the bromine on 
phenylhydrazine formed from its acetyl derivative by hydrolysis 
by the hydrochloric acid used as solvent. 

In our experiments, no evidence was obtained of the existence of 
N -bromo-compounds, proved by Chattaway (J., 1908, 93, 852) to 
be formed in the bromination of phenylhydrazine. 

The experiments were carried out at —5° to —10°. After the 
initial experiments chloroform was used as solvent, since the acyl 
derivatives are more soluble in it than in carbon tetrachloride. 
The brominated phenylhydrazines produced were identified by 
conversion into the bromophenylhydrazones of benzophenone or 
benzaldehyde. Tests for diazonium compounds were carried out 
with an alkaline solution of S-naphthoL 
AcetylphmylhydraziTie. (1) Bromine (1 mol.) was added gradu¬ 
ally to the solution, which became red and turbid. Acetyl-p- 
bromophenylkydrazine hydrobromide slowly separated as a white, 
crystalline solid, m. p. 132° (decomp.) (Found: total Br, 51*5; 
HBr, by titration with baryta, 26-4. CgHgON^rjIIBr requires 
total Br, 51*6; HBr, 26*1%). The compound dissolved imme¬ 
diately in alcohol and from the solution acetyl-^-bromophenyl- 
hydrazine, m. p. 164°, was soon deposited (Found: Br, 34*7. 
Calc., Br, 34*9%). 
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(2) A solution of 12 g. (1 mol.) of acetylphenylkydrazine in 400 c.c. 
of chloroform was cooled to 0°, slowly treated with 8*2 c.c. (2 mols.) 
of bromine, and kept for 12 hours at the ordinary temperature, 
when the heavy, red oil that had separated solidified (from more 
dilute solutions it separated in crystals). The crystalline mass, 
which was washed with chloroform, was acetyl-2 : k-dibrbmo'phenyl- 
hydrazine hydrobromide, m. p. 146° (decomp.); it decomposed in 
the air, giving off hydrogen bromide (Found: total Br, 61*85; 
HBr, 20*9. C 8 H 8 ON 2 Br 2 ,BGBr requires total Br, 61*7; HBr, 
20*8%). The compound was dissolved in cold alcohol and water 
added to the solution, when acetyl-2:4-dibromophenylhydrazine, 
m. p. 146°, was formed in theoretical yield (24—25 g.) (Found: 
Br, 51-7. Calc., Br, 51*9%). The hydrochloride of the hydrazine 
was easily obtained by warming the acetyl derivative with con¬ 
centrated hydrochloric acid. 

Benzoylphenylhydrazine. The solution turned red and turbid 
when the bromine (2 mols.) was added and after a short time white 
needles of 2 :4-dibromophenylhydrazine hydrobromide separated 
(Found : Br, 68*9. Calc., Br, 69*2%). 

The University, Aberdeen. [ Received , May 21 1925.] 


CCXXIIL —The Structure of a-Cctmpholytic Acid . A 

Correction. 


By Juan Pedige Charles Chandrasena, Christopher Kelk 
Ingold, and Jocelyn Field Thorpe. 

In a previous paper (J., 1922, 121, 1542) it was pointed out that 
the existing evidence of the structure of campholytie acid is equi¬ 
vocal : it could be used just as easily to support the bridged-ring 
constitution (I) as the accepted unsaturated structure (II). The 
possibility of a tautomeric form having structure (I) had not 
previously been considered, but it was suggested that the time 
had arrived to do so in view of the proved tautomerism between 
(HI) and (IV) (compare Parts I and II of the same series). 


CL) 

(in.) 



CMe,<' 


CMe 


—CH 
CH(C0 2 H)*CH2 




(IL) 


(IV.) 


The object of the paper was, therefore, to advance unequivocal 
evidence favouring formula (I), and it was suggested that the oxid- 
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ation of campholytic acid to the lactonic acid (VI) might be regarded 
in that light: 


(I.) 


(-W) 


xCHMe-CHa 

CMe 2 < —— 

x C{0H)(C0 2 H)-CH 2 
(V.) 


The lactone (VI) has the same m. p. and almost the same pro¬ 
perties as the isomeric lactone (VIII), which, of course, might arise 
from either (I) or (II), through (VII): 


(I or II.) £5$) 


C,0H)Me-9H,_ 

x CH(C0 2 H)-CE^ 

(vn.) 


/CMeCCOgHJ-O 
* CMe 2 < 

X CHo- 

(Vm.) 


€0 


The lactone actually obtained, however, is not (VI), as was at 
first supposed, but (VIII); and so, again, the evidence of structure 
is ambiguous. 

Structure (VI) was incorrectly assigned to the lactonic acid on 
the grounds of its identity with a specimen prepared from tri- 
methylglutaric acid by Pandya and Thorpe (J., 1923, 123, 2865), 
who, being misled by an erroneous statement of Baibiano (now 
corrected: this vol., p. 1072), wrongly regarded the substance as 
possessing formula (VI). The authors desire to express their 
regret that this mistake should have arisen. 

The Imperial College, South Kensington. 

The University, Leeds. [Received, June 3rd, 1925.] 


CCXXIV .—The Formation and Stability of spiro -Com¬ 
pounds. Part XII. Further Evidence for the Multi - 
planar Configuration of the cjcloSeptane Bing . 

By John William Baker. 

Baker and Ingold showed (J,, 1923, 123, 122) that the original 
hypothesis of Beasley, Ingold, and Thorpe (J., 1915, 107, 1080) 
fails, when applied to the cycfcheptane ring, in a manner sugges tin g 
that this ring, when once formed, is nearly strainless and therefore 
possesses multiplanar configuration. 

To obtain confirmatory evidence, the action of hydrolysing 
agents on the dibromo-ester (I) and the methoxy-ring acid (33) has 
been investigated with the object of preparing either or both of 
the acids of types (1H) or (IV). 
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CHg-CHs-CH,. .GHBr-CO^t CEL^GB^GB^^ X(OMe)*C< 
CH^C^CO^^^CHBr-CO^t CH^CH^C^^CH-CO^ 


COJBL 


(10 

.9(oh)-co 2 h 

a^CH-COgH 


(H.) 

co*co 2 h 
^ ^ch 2 -co 2 h 


The relative stability of these aeids (HU) and (IV) forms an 
important criterion respecting the condition of strain in the cyclo- 
heptane ring, for whilst in the dimethyl (B 2 = Me 2 , angle 109*5°) 
and cycZopentane series (R> 2 = C 4 H 8 > ? angle 108°) the open-chain 
keto-form is the stable modification, in the cycZohexane series 
(R 2 = C 5 H 10 >, angle 120°) the strain in the three-membered 
spiro-xmg is so far relieved that the hydroxy-ring acid becomes the 
stable isomeride; in intermediate cases, R 2 = Et 2 and Pr a 23 a tauto¬ 
meric equilibrium exists between the keto- and hydroxy-ring forms. 
If, therefore, the cycZoheptane ring is uniplanar as used to be sup¬ 
posed (angle 128*6°), its hydroxycycZopropane compound of type 
( TTT ) should be even more stable than the cyclohexane analogue. 
If, on the other hand, the seven-membered ring is multiplanar, and 
therefore strainless or nearly so, it should resemble more closely 
its cycZopentane analogue and the keto-aeid (type IV) should be 
the stable modification. 

The results obtained clearly indicate that the cycZoheptane ring 
is strainless, or nearly so,* for the open-chain keto-acid was the 
more stable isomeride, the hydroxy-ring acid (which was isolated) 
passing into the keto-acid under the conditions in which this 
reversible isomeric change has been observed in other cases. 

On hydrolysis of the dibromo-ester (I) with boiling methyl- 
alcoholic potassium hydroxide the methoxy-ring acid (II), analogous 
in all respects to the corresponding cycZohexane compound, was 
obtained. On hydrolysis with hydrobromic acid this methoxy-ring 
acid gave a large yield of a liquid acid and a very small yield of a 
solid acid which, although insufficient was obtained for analysis, 
was identified as c^cZoheptanesp^VocycZopropane-1 : 2-dicarboxylic 
acid (V), the hydrobromic acid evidently having acted partly as a 
reducing agent. 


ch 2 -ch 2 -ch 2 ^^oh*co 2 h 

CH^-CHa-CHa^^CH-CO^ 

(V) 



The liquid acid, which was purified through its silver salt, proved 
to be the hydrated form (VI) of the keto-acid, for it readily 


* Other investigators have reached the same conclusions on quite different 
grounds (compare Meerwein and his collaborators, J. pr. Ghem., 1922, 104, 
161, 289; Dickens, Horton, and Thorpe, 1924, 125, 1830). 
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yielded a seimcarbazido-acid on treatment with semicarbazide 
acetate.* 

Hydrolysis of the dibromo-ester (I) with boiling 64% aqueous 
potassium hydroxide yielded (a) a small amount (about 1%) of the 
hydroxy-ring acid, (6) a large proportion of the above-mentioned 
hydrated keto-acid, and (c) a liquid Iactonic by-product which, 
owing to an insufficiency of material, could not definitely be 
identified. 

From these experiments, it appears that, in the presence of hot 
concentrated alkalis, a tautomeric equilibrium, greatly favouring 
the open-chain form, exists between the hydroxy-ring acid and the 
keto-acid. 

Thus the cycfeheptane compounds resemble closely their cyclo- 
pentane analogues, which contain a practically strain-free ring, 
and therefore it may be asserted with considerable confidence that 
the cycZoheptane ring also is nearly strainless as suggested in the 
earlier communication (be. cit.). 

It seems curious that the cycZoheptane ring should be multi- 
planar whilst the cyclohexane ring shows no evidence of strainless 
configuration until joined to another ring in some such combination 
as is represented in decahydronaphthalene. This, however, can 
be accounted for if we assume with Mohr (J. pr. Chem 1918, 98, 
352) that these rings undergo vibrational interchange between the 
strainless and uniplanar phases, and further postulate that the 
uniplanar phase, which is more highly strained in the cycZoheptane 
than in the cyclohexane series, is, for that reason, of much smaller 
duration in the former than in the latter type of ring. 

Experimental. 

The ethyl aa'-dibromo cycloheptane-1:1-diacetate used was pre¬ 
pared as described by Baker and Ingold (be, cit.). Since it cannot 
be distilled without passing into the bromolactone, the undistilled 
product was employed. 

i Hydrolysis of ike Dibromo-ester (I).—(a) With methyl-alcoholic 
potassium hydroxide. cycloHeptanespixo-l -methoxycyclopropane- 
1 : 2-dicarboxylic acid. The dibromo-ester (5 g.) was added as 
rapidly as was consistent with safety to a boiling solution of pot¬ 
assium hydroxide (10 g.) in 30 c.c. of methyl alcohol, and boiling 

* Incidentally an observation was made which probably explains the 
frequent failure to prepare semicarbazones of the ketoglutaric acids pre¬ 
viously investigated. The eyefeheptane semicarbazido-acid is a stronger 
acid than acetic acid and under the ordinary conditions of semic&rhazone 
formation takes sodium from the sodium acetate employed. Its mono- and 
di-sodium salts are sufficiently sparingly soluble to separate from the solution, 
but it may well be that in lower series such salts are too soluble to do likewise- 
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continued under reflux for a further 20 minutes. After evaporation 
of the alcohol, the residue was repeatedly extracted with ether, 
whence the methoxy-ring acid was obtained as a gum which slowly 
solidified. On crystallisation from ether-ligroin (b. p. 40—60°), 
it was obtained in large rosettes, m. p. 165° (Found: C, 58*7; 
H, 7*4; Jf, by titration, 121*3. C 12 H 18 0 5 requires C, 59*4; H, 
7*5%; if, 121*1). 

(b) With 64% aqueous 'potassium hydroxide . The dibromo-ester 
(5 g.) was added as rapidly as was consistent with safety to 45 c.c. 
of boiling 64% potash solution, and boiling continued for 20 minutes. 
The residue obtained from the ethereal extract of the cooled, 
diluted, and acidified product was a gum which was repeatedly 
extracted with warm water. The aqueous extract on evaporation 
left an almost colourless gum, from which a minute quantity of 
the hydroxy-ring acid (III) was slowly deposited as a white, crystal¬ 
line solid (mixed m. p. determination). 

The liquid fraction of the soluble portion, treated with semi- 
carbazide hydrochloride in a saturated solution of sodium acetate, 
slowly deposited the white disodium salt of the semicarbazido-acid, 
which was drained on porous tile and crystallised from methyl 
alcohol—ethyl acetate, from which it separated as a crys talline 
powder, decomp. 240° (Found: Na, 14*3. C^H 17 0 5 N 3 Na 2 requires 
Na, 14*0%). Another portion of the gum was dissolved in dilute 
ammonia and the silver salt precipitated by the addition of silver 
nitrate to the neutral solution (Found: Ag, 46*8. C 1;l H 16 0 6 Ag 2 
requires Ag, 46-9%). 

The portion insoluble in water formed no semicarbazone derivative 
and from its general characteristics appeared to be the same 
hydroxy-lactone obtained when the bromo-lactone was hydrolysed 
with concentrated potash solution (Baker and Ingold, he: cit.). 

Hydrolysis of the Methoxy-ring Acid with Hydrobromic Acid .— 
aa-Dibydroxyoycloheptane- 1: l-diacetic acid (VI). The methoxy- 
ring acid (0*75 g.) was heated under reflux with 7*5 c.c. of hydro- 
bromic acid (d 1*49} for 2 hours, the hydrobromic acid evaporated 
off on the steam-bath, and the residue extracted with ether. The 
gum obtained from the ethereal extract deposited, after long 
standing, a small quantity of a crystalline acid, m. p. 215°, which 
depressed the m. p. of the hydroxy-ring acid but not that of the 
cg/cfoheptane spiroacid (V).- 

The portion which would not solidify, consisting of the hydrated 
form of the keto-acid, was dissolved in dilute ammonia, silver 
nitrate solution added to the neutral solution, and the precipitated 
silver salt (Found: Ag, 46*7. C n H 16 0 6 Ag 2 requires Ag, 46*9%) 
washed successively with water, alcohol, and ether. The acid was 
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regenerated by warming the silver salt with hydrochloric acid and 
extracting with pure ether. On treatment with a solution "of 
semiearbazide acetate, it deposited the white, crystalline mono¬ 
sodium salt of the semicarbazido-acid, which, treated like th# 
disodium salt, was obtained as a white, crystalline powder, decomp. 
235° [Pound : C, 47*2 (corrected for the percentage of carbon 
which remained unburnt as sodium carbonate); H, 5*85; Na, 7*4. 
CiaHigOgNgNa requires C, 47*0; H, 5*9; Na, 7*5%]. 

A Correction.—The acid X (this vol., p. 987), described as a 
6icycZoheptane derivative, has since been found to be a lactonic acid 
derived from this by hydrolytic fission of the three-membered ring. 
The mechanism of the reaction is being further investigated. 

The author desires to express his gratitude to Professor C. K. 
Ingold, F.R.S., for his kindly interest and advice during the progress 
of this investigation, and to the Research Fund Committee of the 
Chemical Society for a grant by which most^of the expenses incurred 
in this research were met. 

The University, ^ Leeds . [Received, May 27th, 1925.] 


CCXXV .—Tridentate Groups in Complexes of Tetrahedral 
and Octahedral Symmetry . 

By J. D. M a in Smith. 

Until 1912, the property of rotating the plane of propagation of 
polarised light had been invariably ascribed to the presence of 
asymmetric atoms ” in the molecules of compounds. In every 
case, each such characteristic atom was discernible as in direct 
association with four different atoms or atomic groups arranged 
tetrahedrally about the active atom. In 1911, Werner showed that 
optically active compounds could contain an et asymmetric atom ” 
with which six atoms or atomic groups were octahedrally associated. 
Has demonstration in 1912 of the existence of optically active com* 
pounds containing a cobalt atom octahedrally associated with three 
identical groups of atoms (chelate ethylenediamine molecules) led 
him to abandon the conception that optical activity is due to the 
presence of £< asymmetric atoms ” and to attribute optical activity 
to molecular asymmetry. Subsequent chemical evidence points 
strictly to the existence in optically active compounds generally, 
not of asymmetric atoms, but of asymmetric molecules, and, in the 
light of recent knowledge of the structure of atoms, it appears 
probable that every atom, at least so far as the outer structure is 



TETBAHEDBAJL A KD OCTAHEDBAL SYMMETRY. 


1683 


concerned, possesses at least one plane of symmetry. Neverthe¬ 
less, it is possible to discern in the molecule of every known optically 
active compound a central or nuclear atom about which the asym¬ 
metry of the molecule is focussed. This nuclear atom is the so-called 
asy mm etric atom. In the case of optically inactive compounds, it 
is similarly possible to discern a central or nuclear atom about 
which the symmetry of the molecule is focussed. This atom, almost 
invariably that directly combined with the largest number of atoms 
or atomic groups, is the nuclear atom of Werner’s co-ordination 
theory. 

For the purposes of classification and nomenclature of chemical 
compounds it is necessary to select certain atoms in molecules as 
points of reference to which all other atoms in the molecule may 
be regarded as related. As the spatial relationships of atoms in 
molecules can be ascertained almost solely from considerations of 
symmetry, it is necessary to select the nuclear atom of a co-ordina¬ 
tion complex as the point of reference, and to regard separately each 
atom directly attached thereto. An atom directly attached to a 
nuclear atom may itself be multivalent and may become the end 
member of an atomic group which may be considered as an entity 
or radical directly attached to the nuclear atom. Obviously such 
an atomic group may be attached directly to the nuclear atom by 
means of more than one atom, and atomic groups may thus be 
classified as unitary, chelate, and tridentate, respectively, according 
as they contain one, two, and three atoms directly attached to the 
nuclear atom. 

The term “ chelate group,” used by Professor 6. T. Morgan to 
indicate its claw-like attachment to a nuclear atom to form a cyclic 
system of linked atoms, may logically be extended to any atomic 
group which combines with a single atom to form a cyclic system, 
but it is convenient to restrict its use to those groups which yield 
heterocyclic systems when combined with nuclear atoms, usually 
metallic atoms. 

Tridentate groups may be regarded as comprising tliree fused 
chelate groups and may be symbolised as ABO to indicate the three 
comprised chelate groups AB, AO, BC. Tridentate groups may be 
classified according to the number of different chelate groups com¬ 
prised, and can be of only three types symbolised by AAA, AAB, 
and ABG, the first comprising three similar chelate groups, the second 
two similar chelate groups, and the third three different chelate 
groups. 

Tridentate groups have long been known in organic chemistry, 
but invariably associated with so-called tetrahedral atoms. Removal 
of one of the median carbon atoms of naphthalene, for example. 



1684 


SMITH : TRIDENT ATE GROUPS IN COMPLEXES OE 


leaves a typical tridentate group. Tridentate groups in inorganic 
chemistry were first identified by Werner in association with an 
octahedral nuclear atom, or more properly,* with a nuclear atom 
having the co-ordination number six. The group (NH 3 ) 3 Co(OH) 3 , 
for example, was-proved to be capable of uniting with another 
nuclear cobalt atom, both having the co-ordination number six, 
as in the complex ion 

OH 

(NH 3 ) 3 CoOHCo(NH 3 ) 3 , 

OH 

in which each (NH 3 ) 3 Co(OH) 3 group is a tridentate group to the 
other Co atom. Prior to 1924, all the tridentate groups identified 
were found in complexes containing at least two octahedral nuclear 
atoms, as in the foregoing example. In that year, Pope and Mann 
(Oompt. rend ., 1924, 178, 2085) proved that apy-triaminopropane 
was a group capable of triple attachment to a single metallic atom 
having the co-ordination number six, the cobaltic and rhodium 
compounds containing only two molecules of the tri-acidic base per 
metallic atom. 

In view of the interest attaching to such compounds containing 
tridentate groups in uni-nuclear octahedral complexes, the results 
of the examination some years ago of the possibilities of tetrahedral 
and octahedral isomerism, due to association of tridentate groups 
with a single nuclear atom, are now published. A complete examin¬ 
ation of the possibilities of tetrahedral and octahedral isomerism in 
complexes containing single atoms or unitary groups and also those 
containing chelate groups has already been published {“ Chemistry 
and Atomic Structure, 35 1924, ch. VII). The following tables are 
based on the system of symbolisation there presented, with the 
necessary modifications for tridentate groups. 

Only one main type of tetrahedral complex containing tridentate 
groups is possible, and consists of one tridentate group (symbolised 
by three capitals) and one unitary group (symbolised by lower-case 
letters). As shown above, only three variants of tridentate groups 
are possible, symbolised by AA A, AAB, and ABC, to indicate the 
various possible combinations of three fused chelate groups. This 
single type of tetrahedral complex is thus divisible into only three 
classes, (i) AAAb, (ii) AABc, and (iii) ABCd. The first class 
consists of a single optically inactive form, and the second and third 
each of two optically active (enantiomorphous) isomerides. 

Three main types of octahedral complexes containing tridentate 
groups are possible, the first containing three single atoms or three 
xmitary groups, the second containing one chelate group (indicated 
jby two capitals) and one single atom or unitary group, and the third 
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containing two tridentate groups. Three single atoms or three 
unitary groups considered together can have only three variants, 
symbolised by aaa, aab, and abc. There can thus be no more 
than nine variants of one tridentate group with three unitary 
groups, and no more than nine variants of two tridentate groups. 
These two sets each of nine classes are shown in Table 1. As 
chelate groups can be of no more than two variants, symbolised by 
AA and AB, there can be no more than six variants of one tridentate 
group with one chelate group and one unitary group. These six 
classes are also shown in Table 1. The octahedral configuration 
containing tridentate groups can thus give rise to no more than 
three main types comprising 24 separate classes. 

The various possible isomeric forms of any one class are differen¬ 
tiated into cis - and trans-iovvas according to whether the tridentate 
group is attached to three adjacent points forming a triangle on 
an imaginary octahedron about the nuclear atom or to three points 
two of which are octahedrally polar. In the aVeonfiguration the 
nuclear atom lies outside and in the trans - configura/tion within the 
plane containing the tridentate group. 

With one exception, every optically inactive form containing a 
tridentate group contains at least one plane of symmetry. The 
exception is in the case of the inactive cis-form of the combination 
ABC ABC, which contains a centre of symmetry. This configuration 
is unique in that it is the sole inactive form of the 430 octahedral 
forms so far examined (75 with only unitary groups, 206 with chelate 
groups, and 149 with tridentate groups) which does not contain a 
plane of symmetry. 

The following tables relate only to complexes which contain 
one nuclear atom, but the correct number of isomerides even for 
binuclear cases may be simply deduced by aid of the tables. If a 
tridentate group, or the chelate group, or a unitary group contain a 
nuclear atom so that the group as a whole is asymmetric, f.e., not 
superposable on its mirror-image, every form shown in the tables 
as optically inactive will be optically active and an enantiomorphous 
form will be possible. The number representing the inactive forms 
is thus simply doubled and added to the number of active forms. 
Only one other special case need be considered. If in the combina¬ 
tion ABO DEF, the tridentate groups are each asymmetric and in 
addition are mirror-images of one another, the number of possible 
optically active m-forms will be reduced by two and one optically 
inactive form will take their place and will, like the inactive cis- 
combination ABO ABC, contain a centre of symmetry. 

To illustrate the use of the tables in the determination of the 
number of possible isomeric forms of uni-nuclear complexes con- 
vol. cxxvii. 3m 
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taining tridentate groups, the compounds containing triamino- 
propane may be taken. This tridentate group comprises three 
chelate groups, of which two are similar, and the symbol for the 
group is thus AAB. The compounds prepared contained two 
tridentate groups per metallic atom, and thus belong to type 3, 


Table I. ■ 


Types and Classes of Octahedral Symmetry. 



One tridentate group and 

Two 

tridentate 

groups. 


No chelate group. 

One chelate group. 

Class. 

Type 1. 

Type 2. 

Type 3. 

(i) 

AAA bbb 

AAA b CC 

AAA AAA 

(ii) 

(iii) 

AAA bbc 

AAA b CD 

AAA BBB 

AAA bed 

AAB c DD 

AAA BBC 

(iv) 

AAB cce 

AAB c DE 

AAA BCD 

(v) 

(vi) 

(vii) 

AAB ccd 

ABC d EE 

AAB AAB 

AAB ede 

ABC d EF 

AAB CCD 

ABC ddd 

— 

AAB CDE 

(viii) 

ABC dde 

— 

ABC ABC 

(ix) 

ABC def 

— 

ABC DEF 


Table II. 

Isomeric Forms of Type 1 with One Tridentate Group and 
No Chelate Group . 


Optically active. Optically inactive. 


Classes of 


- ^_ 

--— N 

~ r — 

__ 


Grand 

type 1. 


Cis. 

Trans. 

Total, 

Cis. 

Trans. 

Total. 

Total. 

(i) AAA 

bbb 

— 

—. 


1 

1 

2 

2 

(ii) AAA 

bbc 

— 

— 

— - 

1 

2 

3 

3 

(iii) AAA 

(iv) AAB 

bed 

2 

— 

2 

— 

3 

3 

5 

ccc 

— 

— 

— 

1 

1 

2 

2 

(v) AAB 

ccd 

2 

— 

2 

1 

2 

3 

5 

(vi) AAB 

ede 

6 

— 

6 

— 

3 

3 

9 

(vii) ABC 

ddd 

2 

— 

2 

— 

1 

1 

3 

(viii) ABC 

dde 

6 

2 

8 

— 

1 

1 

9 

(ix) ABC 

def 

12 

6 

18 

— 

— 

_ 

18 

Totals.,... 


30 

8 38 

Table III. 

4 

14 

18 

66 


Isomeric Forms of Type 2 with One Tridentate Group and 
One Chelate Group . 


Optically active. Optically inactive. 

Classes of --^-s ^---- s Grand 

type 2. Cis* Trans. Total. Cis. Trans. Total. Total. 

(i) AAA b CC — — 11 2 2 

(ii) AAA b CD 2 — 2 — 2 2 4 

(iii) AAB c DD 2 — 2 112 4 

(iv) AAB c BE 6 — 6 — 2 2 8 

(v) ABC d EE 6 2 8 — — , — 8 

(vi) ABC d EF 12 4 16 — — — 16 

Totals.. 28 ' 6 34 2 6 8 42 
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Table IV. 

Isomeric Forms of Type 3 with Two Tridentate Groups. 

Optically active. Optically inactive. 


Classes of --- ✓---Grand 

type 3. Cis. Trans. Total. Cis. Trans. Total. Total. 

(i) AAA AAA — — — 1 12 2 

(ii) AAA BBB — — — 1 1 2 2 

(iii) AAA BBC — — --1122 

(iv) AAA BCD 2 — 2 — 11 3 

(v) AAB AAB 2 ' — 2 1 1 2 4 

(vi) AAB CCD 2 — 21124 

(vii) AAB CDE 6 — 6 — 1 1 7 

(vi ii) ABC ABC 10 2 12 1 — 1 13 

(ix) ABC DEF 12 2 14 — — — 14 

Totals. 34 4 38 6 7 13 51 


class (v), AAB AAB. Reference to Table IV shows that this class 
represents four isomeric forms, two optically active (enantiomorph- 
ous, cz 5 -forms, one inactive as-form, and one inactive trans- form. 
Pope and Mann’s compounds may thus have been one or both of the 
inactive forms, the mixture (racemoid) of active forms, or a mixture 
of the racemoid forms with either or both of the inactive forms. 

The results of the examination of the types, classes, and isomeric 
forms of tetrahedral and octahedral complexes containing a group 
contributing four to the co-ordination number of a nuclear atom will 
be communicated later, conclusive evidence having been obtained 
in these laboratories of the existence of a quadridentate group 
in both octahedral and tetrahedral complexes. 

The University, Edgbaston, 

Birmingham. [Received, May 12th, 1925.] 


CCXXVI .—The Action of Halogens upon m- and 
j)~Nitrobenzaldehydephenylhydrazones. 

By Frederick Daniel Chattaway and Arthur John Walker. 

The action of chlorine upon some arylhydrazones has been shown 
(Biilow, Ber,, 1918, 51, 399) to result in the complete disruption of 
the hydrazone molecule and the formation of a diazonium chloride. 
This result might have been expected, since it had already been 
shown (Chattaway, J., 1908, 93, 852; 1909, 95, 958, 1065) that 
diazonium chlorides are produced quantitatively by the action of 
chlorine on arylhydrazines. 

The stable nature of the nitrobenzaldehydephenylhydragones 
renders it possible to follow more closely the action of chlorine upon 
them, since no appreciable breaking down of the molecule takes 
place during chlorination at the ordinary temperature. 

• 3M2 
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When chlorine is passed in excess into a fine suspension in chloro¬ 
form of m- or ^-nitrobenzaldehydephenylhydrazone, the final 
product in each case is a tetra-substituted hydrazone, containing 
chlorine in the 2:4: 6-positions of the hydrazine residue and also 
in the w-position of the aldehyde residue : 

C 6 H 2 a 3 -NH-N:CCl-C 6 H 4 -N0 2 . 

If the chlorination be effected slowly, at various stages compounds 
can be isolated, the constitutions of which show that substitution 
in the two parts of the hydrazone molecule follows a similar course 
to that taken when acetanilide and benzaldehyde, respectively, are 
chlorinated. 

Substitution in the ^-position of the aldehyde residue probably 
occurs to some extent from the first, but becomes more and more 
predominant as halogen enters the hydrazine nucleus. The main 
course of the substitution may be represented as follows, compounds 
not actually isolated being written in brackets (R = C 6 H 4 -N0 2 ): 


nh*n:chr v 

/\ x 

U 


nh-n:chr~ 


NH'NrCHR 

'X 


nh-n:chr 

/> , 

' Cl ; 

nh-n:ccir 


nh-n:ccir 

■ v + 

nh-n:ccir 

ci/Nci 


As might be expected, the situation of the nitro-group in the 
aldehyde residue somewhat affects the course of the reaction, the 
chlorine entering the <*>-position more easily when the nitro-group 
occupies the para-position. 

As in the chlorination of the acetaryiamides, the chlorine probably 
first replaces the hydrogen of the imino-group, and becomes trans¬ 
ferred to the nucleus by a process of intramolecular rearrangement. 
These transformations must take place with great ease, for the pro¬ 
duct of the action of an excess of hypochlorous acid upon m-nitro- 
benzaldehydephenylhydrazone in the presence of potassium bicar¬ 
bonate gives all the reactions of a nitrogen chloride and is very 
probably a mixture of u-chdoro-voL-nitrobenzaldehydechloroimino-o- and 
-^-cjrfwophenylhydmzones, since on warming with hydrochloric acid 
it yields <&-cMoro-Tn.-nitrobenza.lde]iyde-2 : 4- dichloropkenylkydrazone. 

All the aj-chloro-m- and -p-nitrobenzaldehydechlorophenyl- 
hydrazones, when heated with sodium acetate and acetic acid, are 
converted quantitati vely into K-iwetyl-fi-nitrobeiizQyhhlorophenyl- 
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hydrazines identical with the compounds obtained by acetylating 
the corresponding nitrobenzoylchlorophenylhydrazines; e.g., 

OH s *CO*Nq. 

C 6 H 3 C1 2 -NH-N:CC1-C 6 H 4 -N0 2 -^C 6 H 3 C1 2 *NAc-NH-C0*C 6 H 4 -N0 2 . 

The a-acetyl-p-nitr obenzoyl-p- and -2:4-dichlorophenylhydrazines, 
when heated with concentrated hydrochloric acid, are readily and 
completely hydrolysed into acetic acid, m- or ^-nitrobenzoic acid, 
and the corresponding p- or 2 : 4-dichlorophenylhydrazine; e.g., 

C G H,a 2 -NAc-NH-CO-C 6 H 4 -N0 2 5^. 

ch s -co 2 h + G 6 H 3 C1 2 -NH-NH 2 + no 2 -c 6 h 4 *co 2 h. 

Under similar conditions the corresponding a-acetyl-m- or -p- 
nitrobenzoyl-2 : 4 : 6-trichlorophenylhydrazine is not hydrolysed 
completely as unight be expected, but yields m- or ^-nitrobenzoic 
acid, and a-acetyl-2 :4 : 6-trichlorophenylhydrazine, which is not 
easily broken down further; e.g., 

C 6 H 2 C1 3 -NAc-NH*C0-C 6 H 4 *N0 2 

C 6 H 2 C1 3 *NAc-NH 2 + N0 2 U 6 H 4 -C0 2 IL 
It seems probable that the firm attachment of the acetyl group 
in these compounds is to be attributed to the steric effect of the two 
o-substituted halogen atoms. 

All <o-chloro-m- and -p-nitrobenzaldehydephenylhydrazones react 
with ammonia, forming hydrazidines by the replacement of the 
w-chlorine atom by the amino-group; e.g., 

c 0 h 2 ci 3 -nh-n:cci-c 6 h 4 -no 2 2* c 8 h 2 ci 3 -nh-n:c(nh 2 )-c 6 h 4 -no 2 . 

These are yellow or deep red basic compounds which all form 
colourless, well-crystallised hydrochlorides. 

The action of bromine is similar to that of chlorine, although less 
energetic, direct substitution only leading to the introduction of 
two halogen atoms into the hydrazine residue, thus : 


NH-N:CH-G 6 H 4 -N0 2 NH-N:CBrC 6 H 4 -N0 2 NH-N:CBrC 6 H 4 -N0 2 . 

_ Q . A* 


s/ 

Br 


2 XNXX- 

0 

Br 


and -p~nitrobenz<xldehyde-2 : 4 : 6- tribromophenylhydr- 
azones are, however, easily obtained by the direct bromination 
of m- and ^-nitrobenzaldehyde-2 : 4 : 6-tribromophenylhydrazones. 

The behaviour of the co-bromo-m- and -p - nitrobenz aldehyde - 
bromophenylhydrazones towards acetic acid and sodium acetate, 
and of the a-acetyl-p-nitrobenzoylbromophenylhydrazines towards 
hydrochloric acid, is exactly like that of the corresponding chloro- 
compounds. 
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The direct chlorination or bromination of any of the m- or p-nitro- 
benzaldehyde halogen-substitnted phenylhydrazones naturally 
leads to the formation of an to-substituted derivative; e.g., 

CgHiCl-NH-NrOH-CsH^NOa %. C 6 H 4 Cl-NH-N:CBr-C 6 H 4 -N0 2 . 

The to-bromo-m- and -^-nitrobenzaldehydebromophenylhydrazones 
react with ammonia, forming hydrazidines , which are mostly deep 
red, basic compounds, which yield colourless salts. 

Experimental. 

Action of Chlorine upon m-Nitrobenzaldehydephenylhydrazone. 

Unless effected cautiously, chlorination of r/i-nitrobenzaldehyde- 
phenylhydrazone resulted only in the separation of the final product, 
<ti’Chloro-m-nitrobmzaldehyde-2 : 4 : 6- trichlorophenylhydrazone . When 
carried out slowly, at intermediate stages m -nitrobenzaldehyde- 
2 : 4:-dichlorophenylhydrazone and w-chloro-m-nitrobenzaldehyde-2 : 4- 
dichlorophenylhydrazone separated from the solution. A smaller 
quantity of w-chloro-m-nitrobenzaldehyde -p - chlorophenylhydraz one 
was also obtained. 

co - Chloro - m - nitrobenzaldehyde -2:4:6- trichlorophenylhydrazone , 
C 6 H 2 C1 3 ’NH -W,CGl- C 6 H 4 *N0 2 . Chlorine was passed to saturation 
into a cooled suspension of 5 g. of m-nitrobenzaldehydephenyl- 
hydrazone in 30 c.c. of chloroform, the dark solution which was“ first 
formed finally lightening in colour, and depositing the w-chloro-m- 
nitrobenzaldehyde-2 : 4 : §4ricMorophenylhydmzone as a grey, crystal¬ 
line mass* This separated from acetic acid, in which it was only 
moderately soluble, in fine, colourless, hair-like needles, m. p. 157° 
(yield 5 g.) (Found : Cl, 37*6. C 13 H 7 0 2 N 3 01 4 requires Cl, 37*4%). 

The same compound separated when chlorine was passed into a 
suspension of m-nitrobenzaldehyde-2 :4:6-trichlorophenylhydrazone 
in chloroform. A small quantity of the substance, when boiled with 
an alkaline solution of potassium permanganate, yielded m-nitro- 
benzoic acid, m. p. 140°, thus showing the absence of halogen in the 
aldehyde nucleus. 

Isolation of m-nitrobenzaldehyde-2 : 4-dicJdorophenylhydrazo?ie and 
m-cMoro-m-nitrobenzaldehyde-^-chlorophenylhydrazone, 

CeHaCLj-NH^ICH-CeH^NOs and C 6 H 4 C1*NH*N:CC1*C 6 H 4 *N0 2 . 
Chlorine was cautiously passed into a suspension of m-nitrobenzalde- 
hydephenylhydrazone (5 g.) in chloroform (30 c.c.) until the solution 
formed darkened and set to a solid brown mass, probably containing 
unstable compounds of the hydrazones with hydrogen chloride. 
On the addition of an equal volume of alcohol, it changed to a clean 
©w; crystalline mass of m-nitrobenzaldehyde-2:4-dichloro- 
| pfeenylhydr azo^ m. p. 211° after recrystallisation from acetic 
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acid. The chloroform and alcohol mother-liquor slowly deposited 
crystals containing u-cKloro-m-nitrobenzaldehyde-p-chlorophenyl- 
hydrazone. After two recrystallisations from acetic acid this melted 
at 130°, but since further purification in this way was difficult, 
it was dissolved in boiling alcohol, a few c.c. of concentrated ammonia 
solution were added, the solution was acidified with concentrated 
hydrochloric acid, diluted with hot water, filtered, and made alkaline 
with ammonia; the m-nitrobenzaldehyde-p-chlorophenylhydrazid- 
ine which separated crystallised from alcohol in deep red needles, 
.m. p. 150°, identical with the hydrazidine obtained from w-bromo- 
m-nitrobenzaldehyde-jp-chlorophenylhydrazone (p. 1694). 

Isolation of u)-chloro*m*nitrobenzaldehyde-2: A-dichlorophenyl* 
hydrazone , C 6 H 3 C1 2 *NH*NIC01 # C 6 H 4 *N0 2 . In another experiment, 
the passage of chlorine was cautiously continued until the brown 
precipitate containing m-nitrobenzaldehyde-2 :4-dichlorophenyl- 
hydrazone (above) just redissolved. The solution on standing, or 
on the addition of an equal volume of alcohol, yielded pale yellow 
crystals of u-chloro-m-nitrobenzaldehyde-2 :4 -dichlorophenylhydrazone. 
This crystallised from acetic acid, in which it was moderately soluble, 
in long, pale yellow needles, m. p. 158° (yield 4 g.) (Found : Cl, 
31-0. C X3 H 8 0 2 N 3 C1 3 requires Cl, 30*9%). 

The constitution of the compound was confirmed as follows : 
A mixture of 2 g. of [B-m-nitrobenzoyl-2 : 4-dichlorophenylhydrazine 
and 3 g. (2 mols.) of phosphorus pentachloride was maintained for a 
few minutes at 190°, and the cooled product treated with water and 
extracted with ether. To the residue after evaporation were added 
a few c.c. of alcohol; the yellow solid which separated, m. p. 158° 
after recrystallisation from acetic acid, was identical with the 
chlorination product described above. 

Action of Chlorine upon p- Nitrobenzaldehydephenylhydrazone . 

<j)-Chloro-p-nitrobenzcddeJiyde-2 : 4 : 6- trichlorophenylhydrazone . A 
cooled suspension of 5 g. of p-nitrobenzaldehydephenylhydrazone in 
100 c.c. of chloroform was saturated with chlorine. The crystalline 
mass of (o~chloro^nitrobenzaldehyde-2 : 4 : §-trichlorophenylhydr- 
azone obtained separated from acetic acid, in which it was sparingly 
soluble, in fine, pale yellow needles, m. p. 164° (yield 6 g.) (Found: 
Gl, 37*5. C 13 H 7 0 2 N 3 C1 4 requires Cl, 37*4%). 

The same compound was obtained by the chlorination under 
similar conditions of p-nitrobenzaldehyde-2 : 4 : 6-trichlorophenyl- 
hydrazone. 

When boiled with an alkaline solution of potassium permanganate, 
it yielded p-nitrobenzoic acid, m. p. 238°. 

Isolation of intermediate products in the chlorination of p-nitro~ 
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benzaldehydephenylhydrazone. These products can be obtained with 
much greater ease than the analogous compounds formed in the 
chlorination of m-nitrobenzaldehydephenylhydrazone, the main 
products, <j>-cMoro-p-nitrobenzaldehyde-p-cKlorophenylhydrazone and 
U’Chloro-'p-nitrobenzaldehyde-2 : 4:-dichlorophenylhydrazone, separating 
in good quantity at different stages of the reaction. 

w-Chloro-p-nitrobenzaldehyde-p-cMorophenylhydrazone. Chlorine 
was cautiously passed into a fine suspension in chloroform (5 g. in 
100 e.c.) of ^-nitrobenzaldehydephenylhydrazone, until the red 
solution first formed just became brown. Orange crystals 
of o)-chloro--p-nitrobenzaldehyde-p-chlorophenylhydrazone separated 
slowly, and a further quantity on addition of alcohol. It crystallised 
from acetic acid, in which it was moderately soluble, in orange needles, 
m. p. 213° (yield 3 g.) (Found : Cl, 23-0. C 13 H 9 0 2 N 3 Cl2 requires 
Cl, 22*9%). The same compound separated when ^-nitrobenzalde- 
hyde-^?-chlorophenylhydrazone was similarly chlorinated. On boil¬ 
ing with alkaline permanganate solution, it yielded ^-nitrobenzoic 
acid, m. p. 238°. 

u-CMoro~p-nitrobenzaldehyde-2 : 4- dicJdorophenylhydrazone . The 
cautious passage of chlorine was continued beyond the stage 
described above, until the orange crystals of cu-chloro-^-nitro- 
benzaldehyde-p-chlorophenylhydrazone just redissolved. The 
solution almost immediately set to a mass of bright yellow crystals 
of (D-chioro-p-nitrobenzaldehyde-2 : 4t-dichlorophenylhydrazone. This 
crystallised from acetic acid, in which it was sparingly soluble, in 
long, bright yellow, hair-like needles, m. p. 199° (yield 6 g.) (Found : 
Cl, 31*2. C 13 H 8 0 2 N 3 C1 3 requires Cl, 30*9%). 

The same compound separated when p-nitrobenzaldehyde- 
2 : 4-dichlorophenylhydrazone was similarly chlorinated. 

Conversion of u-CKlorohydrazones into a-Acetyl- $-nitrobenzoyl- 
phenylhydrazines .—When the w-chloro-m- and -^-nitrobenzaldehyde- 
chlorophenylhydrazones are boiled for 2 hours with an excess of 
anhydrous sodium acetate and acetic acid, they are quantitatively 
converted into the corresponding oc-acetyl-P-nitrobenzoylchloro- 
phenylhydrazines, which separate as solids when the acetic acid 
solutions are poured into water. They are best recrystallised from 
alcohol, in which the ^-chloro-derivatives are easily soluble and 
the di- and tri-chloro-derivatives moderately easily soluble. These 
a-acetyl-p-nitrobenzoylchlorophenylhydrazines are readily hydro¬ 
lysed when heated with a mixture of alcohol and hydrochloric 
acid, yielding ethyl acetate, the corresponding nitrobenzoic acid, 
and the hydrochloride of the corresponding hydrazine, a procedure 
which provides the easiest method of determining their constitution 
I; ccmsequently that of the original w-ehlorohydrazones. 
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cx.-Acetyl-$-m-nitrobenzoyl-2 : 4c-dichlorophenylhydrazine 9 
C 6 H 3 C12*NAc*NH*C0*C 6 H 4 *N0 2j 

was obtained as described above from <o-chloro-m-nitrobenzaldehyde- 
2 :4-dichlorophenylhydrazone, and also directly from (3-m-nitro- 
benzoyl-2 : 4-dichlorophenylhydrazine by boiling for a few minutes 
with acetyl chloride. It forms colourless plates, m. p. 155—156° 
(Found : Cl, 19-3. C 15 H U 0 4 N 3 C1 2 requires Cl, 19-3%). 

The substance (1 g.) was boiled for 3 hours with 50 c.c. of alcohol 
and 20 c.c. of hydrochloric acid. The crystals of 2 :4-dichloro- 
phenylhydrazine hydrochloride that separated on cooling were 
identified by conversion into o-nitrobenzaldehyde-2:4-dichloro¬ 
phenylhydrazone, m. p. 192'5°. The mother-liquor was neutralised 
and alcohol and ethyl acetate were distilled off. On acidifying the 
residue and cooling, crystals of m-nitrobenzoic acid, m. p. 140°, 
separated. 

ol-A cetyl-$-^-nitrobenzoyl~p-chlorophenylhydrazine, obtained simi¬ 
larly, forms long prisms with domed ends, m. p. 167° (Found: Cl, 107. 
Ci 5 Hi 2 0 4 N 3 C1 requires Cl, 10-6%). When boiled with alcohol and 
hydrochloric acid it yielded acetic acid, ^-nitrobenzoic acid, and 
^-cHorophenylhydrazine. 

aL-Acetyl-$-p-nitrobenzoyl-2 :4-dichlorophenylhydrazine crystallises 
in long, colourless, six-sided plates, m. p. 158° (Found: Cl, 19*4. 
C 15 Hi 1 0 4 N 3 C1 2 requires Cl, 19*3%). When boiled with a mixture 
of hydrochloric acid and alcohol it yielded acetic acid, p-nitrobenzoic 
acid, and 2 : 4-dichlorophenylhydrazine. 

0L-Aceiyl-^m-nitrobenzoyl-2 : 4 : ft-trichlorophenylhydrazine was pre¬ 
pared as described above from o>-chloro-m-nitrobenzaldehyde-2:4; 6- 
trichlorophenylhydrazone, and also directly from p-m-nitrobenzoyl- 
2:4:6-trichlorophenylhydrazine by boiling for a few minutes with 
acetyl chloride. It crystallises in small, colourless prisms, m. p. 143° 
(Found : Cl, 26*3. C 15 H 10 O 4 N 3 Cl 3 requires Cl, 26*4%). 

Hydrolysis of u.~Acetyl-$-m~nitrobenzoyl-2 : 4 : 6 -trichlorophenyl- 
hydrazine to m -Nitrobenzoic Acid and a-Acetyl-2 : 4 : 6-trichloro- 
phenylhydmzine. —oc - Acetyl - [3 - m - nitrobenzoyl -2:4:6- trichloro- 
phenylhydrazine (4 g.) was boiled for 3 hours with 30 c.c. of alcohol 
and 20 c.c. of hydrochloric acid. On making alkaline with sodium 
carbonate and diluting with water, a colourless, oily liquid separated, 
which was removed. From the aqueous layer, on acidification, 
m-nitrobenzoic acid crystallised. The oily liquid did not crystallise 
alone or in contact with solvents. To its solution in warm alcohol 
m-nitrobenzaldehyde (2 parts) was added; on cooling, acetyl-ra- 
nitrobenzaldehyde-2 : 4 : 6-triehlorophenylhydrazone, 

c 6 h 2 ci 3 *nac*n:ch*c 6 h 4 *no 2 , 

separated in colourless, rectangular plates, m. p. 204°, identical with 

3 m* 
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the substance obtained by the acetylation of m-nitrobenzaldehyde- 
2:4: 6-trichlorophenylhydrazone. The yield was 70%, and the 
original oily liquid from the hydrolysis must therefore have been 
mainly a-acetyl-2:4:6-trichlorophenylhydrazine, C 6 H 2 Cl 3 *]NrAe*NH 2 . 

a-Acetyl-$-p-nitrobenzoyl-2 : 4 : 6-trichlorophenylhydrazine was pre¬ 
pared as above from w-chloro-p-mtrobenzaldehyde-2 : 4 : 6-trichloro¬ 
phenylhydrazone, and also directly by boiling p-nitrobenzoyl- 
2:4: 6-trichlorophenylhydrazine for a few minutes with acetyl 
chloride. It forms flat, colourless needles, m. p. 121° (decomp.) 
(Found : Cl, 26-4. C 15 H 10 O 4 N 3 Cl 3 requires Cl, 26-5%). When boiled 
with hydrochloric acid and alcohol, it behaves like the correspond¬ 
ing w-nitrobenzoyl derivative, yielding a-acetyl-2 : 4 : 6-trichloro- 
phenylhydrazine as a colourless oil, and p-nitrobenzoic acid. 

Conversion of w- Chlorohydrazones into Hydrazidines. —In each case 
the w-chloro-compound was boiled with alcohol and a slight excess of 
concentrated aqueous ammonia until the original solid had com¬ 
pletely dissolved. The hydrazidine formed separated either during 
the reaction or on subsequent cooling. These hydrazidines are 
strongly coloured compounds which combine with hydrochloric acid 
(1 mol.) to form colourless salts that crystallise well when solutions 
of the bases in hot dilute hydrochloric acid are allowed to cool. 
m-N itrobenzaldehyde-p-chlorophenylhydrazidine , 

c 6 h 4 ci-nh-n:c(nh ? )-c 6 h 4 -no 2 , 

is very soluble in alcohol, from which it separates in deep red 
needles, m. p. 150° (Found: Cl, 12-3. C 13 H U 0 2 N 4 C1 requires 

01 , 12 - 2 %). 

m-Nitrobenzaldehyde-2 : 4- dichlorophenylkydrazidine , 

c 6 h 3 ci 2 -nh-n:c(nh 2 )-c 6 h 4 ^o 2 , 

crystallises from alcohol, in which it is moderately easily soluble, 
in thin, irregular, orange plates, m. p. 154° (Found: Cl, 21*9. 
C 13 H 10 O 2 N 4 Cl 2 requires Cl, 21*75%). The hydrocMoride is easily 
soluble in alcohol, less easily soluble in water. It separates from 
a mixture of these solvents in clusters of colourless needles, m. p. 
220° (decomp.). 

m-Niirobenzaldehyde-2 : 4:6 -trichlorophenylhydrazidine is sparingly 
soluble in alcohol, separating in fine, yellow leaflets, m. p. 194° 
(Found: 01, 29*9. C^H^Og^Clg requires Cl, 29*6%). The 
hydrocMoride forms colourless plates, m. p. 230° (decomp.), sparingly 
soluble in water and more soluble in alcohol. 

p-Nitrobenzaldekyde-2 :4 : 6 -tricMorophenylhydrazidine crystallises 
from alcohol, in which it is moderately easily soluble, in dark red 
needles, m. p. 157° (Found: Cl, 29-8%). The hydrochloride , which 
is sparingly soluble in water, forms colourless, compact prisms, 
(decomp.). 
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Action of Bromine upon m- and p-Nitrobenzaldehydephenyl - 
hydrazones. —The bromination of the nitrobenzaldehydephenyl- 
hydrazones was studied by Ciusa and Vecchiotti ( Gazzetta, , 1916, 46, 
i, 240), who obtained the final products and, in the case of the m - and 
p-nitrobenzaldehydehydrazones, correctly regarded them as <*>- 
br omonitr obenz aldehyde - 2 :4-dibromophenylhydrazones. They did 
not isolate the intermediate co-bromonitrobenzaldehyde-#-bromo- 
phenylhydrazones. 

w-Bromo-m-nitrobenzaldehyde-ip-bromophenylhydrazone, 

C 6 H 4 Br-NH*N:CBr-C 6 H 4 -N0 2 . 

To a suspension of 5 g. (1 mol.) of m-nitrobenzaldehydephenyl- 
hydrazone in 100 c.c. of acetic acid was added a solution of 6 g. of 
bromine (slightly less than 2 mols.) in acetic acid. As the hydrazone 
dissolved, a yellow precipitate of the dibromo-compound separated, 
which crystallised from acetic acid, in which it was moderately easily 
soluble, in glistening, yellow plates, m. p. 146-5° (yield 6 g.). The 
use of less bromine caused the separation of the same compound 
in smaller amount, whilst the use of exactly 2 mols. of bromine led 
to the formation of small quantities of the tribromo-compound 
(Found : Br, 40*3. C 13 H 9 0 2 N 3 Br 2 requires Br, 40*1%). The same 
compound was also obtained by similarly brominating m-nitro- 
benzaldehyde-^-bromophenylhydrazone. 

w-Bromo-m-nitrobenzaldehyde-2 : 4,-dibromophenylhydrazone. In a 
second experiment a larger quantity of bromine, 10 g. (3 mols.), was 
added, the <o - bromo - m - nitr obe nz aldehyde - 2 : 4-dibromophenyl- 
hydrazone finally separating as a thick, crystalline mass. It 
crystallised from acetic acid in bright yellow needles, m. p. 179° 
(yield 7 g.) (Found : Br, 50*4%). The same compound was obtained 
by similarly brominating m-nitrobenzaldehyde-2:4-dibromo- 
phenylhydrazone. When boiled with alkaline permanganate solu¬ 
tion, it yielded m-nitrobenzoic acid, m. p, 140°. 

The following w-bromo-hydrazones were similarly prepared by the 
addition of bromine (1 mol.) to a suspension of the appropriate 
m-nitrobenzaldehydephenylhydrazone : 

o) - Bromo - m - nitrobenzaldehyde -2:4:6- tribromophenylhydrazone 
crystallises in long, colourless, hair-like needles, m. p. 173°, sparingly 
soluble in acetic acid and alcohol (Found : Br, 57*7. 0 13 H 7 0 2 N 3 Br4 
requires Br, 57*5%). 

a)-Bromo-m-nitrobenzaldehyde-p-chlorophenylhydrazone crystallises 
from acetic acid, in which it is moderately easily soluble, in bright 
yellow, rectangular plates, m. p. 133° (Found: Cl + Br, 32*6. 
C 13 H 9 0 2 N 3 ClBr requires Cl + Br, 32*6%). 

v-Bromo-'p-nitrob&nzaldehyde-p-bromophsnylhydrazdne, 

C 6 H 4 Br-NH-N:CBrC 6 H 4 *N0 2 , 

3M*2 
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was prepared by the two methods described in the case of the isomeric 
m-nitro-derivative. It crystallises from acetic acid, in which it is 
moderately easily soluble, in light orange leaflets, m. p. 224° (Found : 
Br, 40-0%). 

<ti-Bromo-j)-nitrQbenzaldehyde-2 : 4 -dibrornophenylhydrazone sep¬ 
arated when a solution of bromine (10 g.; 3 mols.) was added to a 
suspension in acetic acid of 5 g. of p-nitrobenzaldehydephenyl- 
hydrazone (1 mol.), or when bromine (1 mol.) was added to ^-nitro- 
benzaldehyde-2 :4-dibromophenylhydrazone (1 mol.). It crystal¬ 
lises from acetic acid, in which it is sparingly soluble, in long, deep 
yellow needles, m. p. 214° (Found: Br, 50*2. C 13 H 8 0 2 N 3 Br3 
requires Br, 50*2%). When boiled with alkaline permanganate, 
the compound yielded p-nitrobenzoic acid, m. p. 238°. 

By boiling the w-bromohydrazones with sodium acetate in acetic 
acid a-acetyl-g-nitrobenzoylbromophenylhydrazines were obtained. 
These were recrystallised from alcohol, in which the monobromo- 
derivatives are more easily soluble than the dibromo-derivatives. 

cL-Acetyl-$-m-?iitrobeiizoyl-ip-bromopJie?iylhydrazine i 
C 6 H 4 Br*NAc •NH*CO # C 6 H 4 *N 0 2 , 

was obtained from w-bromo-ra-nitrobenzaldehyde-p-bromophenyL 
hydrazone as a colourless, amorphous solid which could not be made 
to crystallise. When boiled in alcohol with hydrochloric acid, it 
yielded acetic acid, ^-bromophenylhydrazine, and m-nitrobenzoic 
acid. 

a -Acetyl - p - m - nitrobenzoyl -2:4- dibromophenylhydrazine was 
obtained from w-bromo-m-nitrobenzaldehyde-2 :4-dibromophenyl- 
hydrazone, and also from p-m-nitrobenzoyl-2 :4-dibromophenyl- 
hydrazine, by boiling with acetyl chloride. It forms colourless, 
compact prisms, m. p. 169° (Found: Br, 35*1. C 15 H n 0 4 N 3 Br 2 
requires Br, 35*0%). When boiled with alcohol and hydrochloric 
acid, it yielded acetic acid, 2:4-dibromophenylhydrazine, and 
m-nitrobenzoic acid. 

&-Acetyl-$-m-niirobmzoijl-2 : 4 : 6 -tribromophenylhydrazine cryst¬ 
allises from acetic acid, in which it is moderately easily soluble, in 
fine, colourless prisms, m.p. 180° (Found : Br, 44*7. C 15 H 10 O 4 N 3 Br 3 
requires Br, 44*8%). On boiling for 3 hours with hydrochloric 
acid and alcohol, it yielded m-nitrobenzoic acid and a colourless, 
oily liquid. This formed a crystalline hydrazone (m. p. 230°) 
with m-nitrobenzaldehyde, identical with acetyl-m-nitrobenzalde- 
hyde-2 : 4 : 6-tribromophenylhydrazone, 

C 6 H 2 Br 3 -NAc-N:CH-C 6 H 4 -N0 2 , 

obtained by the acetylation of m-mtrobenzaldehyde-2:4:6- 
tribromophenylhydrazone. The original oily liquid must therefore 
have been a-aeetyl-2 : 4 : 6-tribromophenylhydrazine. 
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oL-Acetyl-fi-p-nitrobenzoyl-p-bromophenylhydi'azme crystallises in 
colourless prisms, m. p. 169—170° (Found : Br, 21-25. C 15 H 12 0 4 N 3 Br 
requires Br, 21-2%). When boiled with alcohol and hydrochloric 
acid, it yielded acetic acid, ^-nitrobenzoie acid, and p-bromophenyl- 
hydrazine. 

a.-Acetyl-$-p-nitrobenzoyl-2 : 4-dibromophenylhydrazine forms stout, 
colourless octahedral crystals, m. p. 201—202° (Found : Br, 35*2. 
C 15 H 11 0 4 N 3 Br 2 requires Br, 35*0%). When boiled with hydro¬ 
chloric acid and alcohol, it yielded acetic acid, p-nitrobenzoic acid, 
and 2:4-dibromophenylhydrazine. The same compound was 
prepared by boiling p-^-nitrobenzoyl-2 : 4-dibromophenylhydrazine 
with acetyl chloride for a few minutes. 

The following hydrazidines were prepared from the corresponding 
w-bromohydrazones by warming them with alcoholic ammonia. 

m-Nitrobenzaldehyde-p-broynophenylhydrazidine, 

C 6 H 4 Br*NH*N:C(NH 2 )*C 6 H 4 *N0 2 , 

separates from alcohol, in which it is moderately easily soluble, in 
fine, dark red plates, m. p. 145° (decomp.). The hydrochloride 
crystallises in colourless plates, m. p. 200° (decomp.). 

m-Nitrobenzaldehyde-2 : 4z~dibromophenylhydrazidine separates 
from alcohol, in which it is very sparingly soluble, in small, dark 
red plates, m. p. 182° (decomp.) (Found : Br, 38*8. C 13 H 10 O 2 N 4 Br 2 
requires Br, 38*6%). The hydrochloride forms colourless leaflets, 
m. p. 225° (decomp.). 

p-Nitrobenzaldehyde-p-bromophenylhydrazidine crystallises from 
alcohol, in which it is moderately easily soluble, in almost black 
needles, m. p. 155° (decomp.) (Found: Br, 24*0. C 13 H n 02N 4 Br 
requires Br, 23*9%). Its hydrochloride crystallises in colourless 
plates, m. p. 210° (decomp.). 

p- Nitrobenzaldehyde -2 : 4c-dibromophenylhydrazidine crystallises 
from alcohol, in which it is moderately easily soluble, in dark bronze- 
red needles, m. p. 175° (Found : Br, 38-7. C 13 H 10 O 2 N 4 Br 2 requires 
Br, 38*6%). The hydrochloride forms colourless, compact, rhombic 
plates, m. p. 200° (decomp.). 

The following is a brief description of the hydrazones and 
hydrazines employed in confirming the structure of the ot-acetyl - 
phenylhydrazines: 

Acetyl-m-nitrobenzaldehyde-2 : 4 : 64richlorophenylhydrazone, pre¬ 
pared by boiling m-nitrobenzaldehyde-2 : 4 : 6-trichlorophenyl- 
hydrazone for a short time with acetic anhydride, separates from 
alcohol, in which it is moderately easily soluble, in colourless, 
rectangular plates, m. p, 204° (Found; Cl, 27*4. C 16 H 10 O 3 N 3 CL 
requires Cl, 27*5%). 

A cetyl-m-nitrobenzaldehyde-2 : 4 : 6-tribromophenylhydrazone, pre- 
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pared in a similar manner, crystallises from acetic acid, in which it 
is moderately easily soluble, in thick, colourless tablets, m. p. 230° 
(Found : Br, 46*0. C 15 H 10 O 3 N 3 Br 3 requires Br, 46*1%). 

The following nitrobenzoylphenylhydrazines, prepared directly 
by the Schotten-Baumann method, were all crystallised from 
alcohol, in which they are moderately easily soluble, 

$-m-Nitrobenzoyl-2 : 4 : 6- trichlorophenylhydrazine ; long, six-sided 
needles, m. p. 205° (Found : Cl, 29*6. C 13 H 8 0 3 N 3 C1 3 requires 
O, 29*5%). 

$--p-Nitrobenzoyl-2 : 4 : 6-trichlorophenylhydrazine ; stout, colour¬ 
less plates, m. p. 203° (Found : Cl, 29*7. C 13 H 3 0 3 N 3 C1 3 requires 
Cl, 29*5%). 

$-m-Nitrobmzoyl-2 : ^dichlorophenylhydrazine ; elongated, colour¬ 
less plates, m. p. 196°. 

$-m-Nitrobenzoyl-2 : 4t-dibromophenylhydrazine ; colourless needles, 
m. p. 210° (Found : Br, 38*8. C 13 H 9 0 3 N 3 Br 2 requires Br, 38*5%). 

p-p -Nitrobenzoyl-2 : 4 -dibromophenylhydrazine ; pale yellow 
needles, m. p. 227°. 

The Queen’s College, Oxford. [Received, March 18 th, 1925.] 


CCXXVII .—The Tautomerism of Dyads. Part IV. 
New Evidence of the Tautomeric Mobility of Oximes . 


By John Preedy Griffiths and Christopher Kelk Ingold. 


The purpose of this paper is to place dyad migration in oximes 
on a secure experimental basis such as has been provided in the 
cases of hydrogen cyanide, acetylene, and some monosubstitution 
products of the latter (E. H. Ingold, J., 1922, 121, 1604; 1924, 
125, 1528; this vol., p. 1199), and to emphasise the suggestion, 
already made or foreshadowed by others (notably Brady and Dunn, 
J., 1916, 109, 659; 1924, 125, 291) that tautomerism of the dyad 
type, superimposed on the stereochemical theory of Hantzsch and 
Werner, constitutes the explanation of the isomerism and reactions 
of oximes. 

[H]C*N CM [H]C:0 ^ C:C[H] 

(I.) [H]N:0 ^ N-0[H] (II.) . . . (A) 


Whilst the retention of Hantzsch and Werner’s stereochemical 
hypothesis is, for strong reasons, necessary to explain the isomerism 
4^ oximes themselves, a structural addition to the theory is 
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just as imperatively required to account for their ethers (Ann. 
Report, 1924, p. 111). 


(III.) 


R-C-R' 

AlkvNlO 


(N -Ethers: syn- and anti-iorms.) 


R-fJ-R' 

N-OAlk. 


(IV.) 


(O-Ethers: syn- and anti-forms.) 


Formula (IV) for the O-ethers has long been generally approved, 
and, in view of evidence recently accumulated,* and of analogy 
with azoxy- and aliphatic diazo-compounds, no apology is necessary 
for using the “ nitrone ” formula (III), rather than the older 

^sooxune formula , for the N -ethers .f 

The study of tautomerism in numerous other cases has shown 
that the isolation of isomeric alkyl derivatives may be taken as an 
indication of the possibility of tautomeric interchange between 
parent hydrogen compounds of corresponding constitution. If, 
therefore, the structures given to the oxime-ethers (III) and (IV) 
be accepted, a prima facie case in favour of tautomerism of the 
dyad type between corresponding parent forms (I and II) is estab¬ 
lished (equation A) 4 

Physical methods, which have the advantage of avoiding all the 
unknown disturbances attending the use of a chemical reagent, 
were applied to the problem; but, probably owing to the mobility 
of the oxime system, success was not achieved. Another method 


* Thus towards diphenylketen, an almost universal reagent for double 
linkings, both the double bonds act separately (Staudinger and Miescher, 
Helv. Clwn. Acta , 1919, 2, 554) : 


Many other examples might be given. Sugden’s work (this vol. f p. 1177) 
supplies strong confirmation from the physical side. 

t If the nitrone structure be adopted, the existence of ayn- and anti-N- 
ethers does not require an ad hoc extension of the Hantzsch-Werner hypo¬ 
thesis : it follows automatically from the optical resolution of amine-oxides, 
KuRgBgNrO, just as the geometrical isomerism of ethylenos follows from the 
optical activity of methanes of the type "RJ&JRJ&JC}. 

} It is not intended to preclude the intervention of the ring-form 

^ p • vtt> 

^ in certain decompositions, and, as an intermediate, in a few 

methods of formation of A'-ethers and of oximes. Similarly, one cannot 
dismiss the nitroso-isomeride >CH*N;0, which often constitutes an inter¬ 
mediate stage in reactions leading to oximes. All the available evidence 
shows, however, that these structures represent comparatively unstable 
oxime-forms, and may be looked upon as constituting minor ramifications of. 
the tautomeric system, the main reversible reaction in which is, as. will be 
shown, that represented by equation A. 


C:N:0 


CPh a 

>c':ir<^co 

0 


CO CPh, 

cPh 2 < /x >isr< /N >co. 




Y/ 

O 
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of investigation was therefore sought, which, whilst still avoiding, 
so far as possible, the complications arising from the use of 
reagents, would clearly and certainly distinguish between the two 
expected forms and detect any equilibrium between them. 

The object in view was ultimately attained by utilising the 
special properties of phthalaldehydemonoxime. This substance, 
ordinarily represented by (V), contains all the essential features 
which give ring-chain tautomeric character to a sugar, the 
residues -OHIO and -OH being present in such relative positions 
that they can interact with the formation of an <e oxide ” ring 
and a “ glueoside-yielding ” hydroxyl group. If, therefore, the 
structure -CHIhTOH, present in (V), be really one of the tauto¬ 
meric forms of the oxime group, we should expect, just as in the 
case of a sugar, to be able to crystallise the cyclic tautomeric form 
(VI). This individual, moreover, although a tautomeric substance, 
should be sufficiently well differentiated chemically from any other 
possible isomeride as to leave no doubt about its constitution, and 
therefore none about the particular oxime structure from which 
it is derived. 

On the other hand, if an isomeride of the constitution (VII) 
should also be present in any considerable quantity, the fact should 
be rendered evident by the tendency, possessed by this individual 
also, to pass into, and crystallise in the form of, its ring tautomeride 
(VIII). This structure, based on the isoindole ring system, also 
is strikingly differentiated from any other possible isomeride: 


(V.) Ach:no[H] 
10 l^CHO 

(dyad change) 


(VII.) 


/\ch:n[H]:o 
l Jcho 



Thus the chemical differences to be expected from the simple 
dyad change (V) (VII) become magnified by the production, 
through ring closure, of the more distinctive structures (VI) and 
(Vni). At the same time, the mobile dyad equilibrium becomes 
partly “ set ” through association with the slower ring-chain changes. 
These are just the conditions which are required to render the dyad 
change open to experimental confirmation. 

All. these theoretical anticipations have been realised experi- 
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The ring form (VI), which was isolated in the crystalline condition, 
exhibited clear evidence of its constitution and of its structural 
analogy with the reducing sugars; it showed the usual aldehydic 
reactions (of the open-chain form V), yielding, for instance, the 
semicarbazone (IX), and also united readily with methyl alcohol, 
giving a methyl derivative devoid of aldehydic 'properties , This 
must therefore be derived from (VI) by the replacement of the 
bracketed hydrogen atom, and all its reactions, for instance, the 
ease with which it is hydrolysed back to the parent substance by 
a small quantity of mineral acid, emphasise its resemblance to a 
glucoside and leave no doubt as to the correctness of formula (X). 

CH 

/NcHINOH 

I Ich:n-nh-co-nh 2 X/X/ 0 

x ch-o-ch 3 

(IX; derivative of V.) (X; derivative of VI.) 

It is clear, therefore, that in solutions of the substance under 
discussion we have the ring-chain tautomeric system (V) (VI). 

A closer study proved, moreover, that the principal phase in 
solution, as well as the solid substance itself, is represented by the 
ring-formula (VI). Thus, in contrast to the completeness and 
rapidity with which the “ glucosidic ” methyl derivative (X) is 
formed from freshly-prepared solutions of the parent, the aldehydic 
reactions of the latter, e.g ., the formation of the semicarbazone (IX), 
are noticeably sluggish : a solution of (VI), treated after some time 
with semicarbazide acetate, deposits a small quantity of the semi¬ 
carbazone, but the complete precipitation of this substance requires 
a considerable period; and if a freshly-prepared solution of (VI) 
is used, no initial deposition is observed. It is noteworthy also 
that, although the main product of the oxidation of (VI) by cold 
neutral permanganate is o-carboxybenzaldoxime anhydride (XII), 
evidently derived directly from the ring compound, a small amount 
of the oxime-acid (XI), the normal product of oxidation of (V), 
is formed simultaneously. Observations of this kind make it 
quite evident that, as with sugars, the ring phase is the more 
stable one. 

/NcHlNO^i 

(XI;. by-product.) 

Evidence of the existence of a second oxime structure (VII) wag 
obtained by the isolation of a second ring-compound (VIII), whioh 


CH 

f'YY 

^Y 

(XXI; main product.) 
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resembled the first in certain respects (for instance, in the absence 
from its inethylation product of all aldehydic properties), but 
differed markedly from it in others. The key to its constitution 
was found in the fact that on reduction it gave phthalimidine (XIII), 
thus revealing the presence of the heterocyclic nucleus on which 
the anticipated formula (VIII) is based. 


/\/\ 

(XIII.) | NH 

\/\/ 

CO 


CO 

(Y> 


(XIV.) 


On oxidation phthalimide (XIV) was obtained. 

Closer examination showed, however, that the substance is not 
adequately represented by formula (VIII) alone, but that it is 
capable of reacting in several forms. This is to be expected. 
Obviously a substance of formula (VIII) would be susceptible to 
the type of triad change which is apparently common to all com¬ 
pounds containing an unsaturated five-membered ring fused to the 
benzene nucleus, as in indene, benzimineazole, and aziminobenzene 
(Ingold and Piggott, J., 1922, 121, 2381). The second individual 
involved in this kind of tautomeric interchange would have formula 
(VIIIa). This, however, contains a system of the type known to 
undergo the “ tetrad ” change into an N -hydroxy-isomeride (Bam¬ 
berger, Annalen , 1920, 420, 137), and it should therefore pass 
reversibly into an individual of the formula (VIIIb). 


C(H)*OH 


I I n;o 

(VIII.) 


O0[H] 


I n:o 

A/ 

CH(H) 

(VIIIa.) 


N*0[H] 


(VIIIb.) 


There is experimental evidence favouring all these formulae. 
First, whilst any of the three forms might yield phthalimidine on 
reduction, only (VTII) can adequately account for aldehydic reac¬ 
tions depending on the opening of the heterocyclic ring. In 
addition, however, the compound forms a yellow sodium salt and 
an intensely coloured iron salt; and (VIII) cannot account for this, 
although either of (VIIIa) and (VIIIb) can do so. Finally, the 
compound forms two isomeric methyl derivatives. One of these, 
the main product, is obviously an N -methoxy-compound, derived 
from (VIIIb), for, unlike its isomeride, it cannot be reduced to a 
phthalimidine without previous hydrolysis; this methyl derivative 
b is therefore represented by formula (XVb). The second methyl 
Aaivative (by-product) is a O-methoxy-compound, derived from 
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either (VIII) or (VIIIa), as is proved by the fact that it yields 
O-methylphthalmidine (XVI or XVIa) on reduction; the by¬ 
product must therefore be represented either by (XV) or by (XVa), 
or, more probably, by both. 


CH-OMe 



(XVI.) 


OOMe 

/\/\ 

kA>° 

ch 2 

(XVa.) 

OOMe 

(Y\ 

(XVIa.) 


CO 


\ 


(heat) 


N-OMe 

CJB 2 
(XVb.) 

CO 

/\/\ 

| I NMe 

\/\/ 

ch 2 

(XVII.) 


O-Methylphthalimidine readily passes into N -methylphthalimidine 
(XVII), a type of isomeric change which is not uncommon and has 
for long been exemplified by the transformation of cyanuric into 
isocyanuric esters on heating. 

Further details with regard to the cyclic and aldehydic reactions 
of the compounds (VI) and (VIII), and the conditions of their 
interconversion, will be found in the experimental portion of this 
paper; but the summary already given will be sufficient indication 
as to the manner in which the isolation and study of these compounds 
establishes the fundamental dyad change of the oxime group. 


Experimental. 

Phthalaldehyde was prepared by hydrolysing with aqueous 
alcoholic potassium oxalate the wo>wV-tetrabromoxylene obtained 
by brominating boiling o-xylene (Thiele and Gunther, Annalen, 
1906, 347, 107). 

1-Hydroxyl : 3-bmzoxazine (VI).—Phthalaldehyde (13-4 g.), dis¬ 
solved in 30 c.c. of methyl alcohol, was gradually mixed in the cold 
with an aqueous solution (200 c.c.) of hydroxylamine prepared from 
6-9 g. of hydroxylamine hydrochloride and 5*4 g. of anhydrous 
sodium carbonate. After a few minutes, the solution was extracted 
with much ether, and the extract washed with water, dried with 
calcium chloride by shaking, concentrated, and seeded with a 
crystal of hydroxybenzoxazine obtained from a previous experiment, 
when the substance crystallised (70% yield). A further quantity 
could be obtained from the ethereal mother-liquor, which also 
contained, however, some of the isomeric hydroxyisoindole oxide. 
Extraction of the aqueous mother-liquor with ethyl acetate yielded 
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a further quantity of the latter substance. If, however, at any 
stage of these extractions the aqueous solution was set aside for 
a time, the unextracted material became converted into the methoxy- 
benzoxazine described below. 

On one or two occasions the preparation of hydroxybenzoxazine 
by the process described above failed for reasons that we have not 
been able to discover, almost the sole product being hydroxy^o- 
indole oxide. Other eases of failure, resulting in the production 
of the mfethoxy-compound, were traced to undue delay in pro¬ 
ceeding with the extraction or removing the methyl alcohol from 
the ethereal extract. On the other hand, during the preliminary 
experiments the desired hydroxybenzoxazine could sometimes be 
produced under quite a variety of conditions (see p. 1705). 

l-Hydroxy-2 : Z-benzoxazine separates from ether-ligroin in prisms, 
m. p. 114—115° (Found: C, 64*5; H, 4-7; N, 9*5. C 8 H 7 0 2 N 
requires C, 64*4; H, 4*7; N, 9*4%). It is very soluble in ethyl 
acetate, easily soluble in chloroform or ether, but almost insoluble 
in ligroin. It reduces Fehling’s solution. Its action towards methyl 
and ethyl alcohols, oxidising agents, and other ketone reagents is 
described below. Attempts were made to reduce it both in acid 
and in alkaline solution under various conditions, including those 
described on pp. 1706-7, but without success, deeply coloured, 
amorphous products being obtained which could not be purified. 
No phthalimidine was obtained. 

1 -Metkoxy-2 : Z-benzoxazine (X).—This may be obtained (a) by 
leaving phthalaldehyde in contact with hydroxylamine (1 mol.) 
in 30% methyl alcohol, when the compound crystallises; (6) from 
hydroxybenzoxazine by boiling with methyl alcohol, preferably 
in the presence of a trace of hydrochloric acid; (c) from hydroxy- 
isoindole oxide by digesting for several days with faintly acidified 
aqueous methyl alcohol, and then diluting. It separates from ether 
in glistening plates, m. p. 77° (Found: C, 66*3; H, 5*6; N, 8*7. 
C 9 H 0 O 2 N requires C, 66*3; H, 5*5; N, 8*6%). It is hydrolysed 
with great ease with dilute hydrochloric acid, giving hydroxy¬ 
benzoxazine. 

1-Ethoxy -2 : Z-benzoxazine was prepared like the methoxy-com- 
pound, ethyl alcohol being used in place of methyl alcohol. It was 
obtained crystalline, but, as it tended to separate as an oil from 
all solvents in which it was not extremely soluble, it was not purified 
for analysis. 

PMJmlaldehyde-l-oxime-2-$emicarbazone (IX).—The formation of 
this substance from hydroxybenzoxazine was studied in some detail 
and the main results have already been described (p. 1701). The 
^|aaicarbazone itself can be purified in small quantities by rapid 
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crystallisation from ethyl acetate, from which a microcrystalline 
powder separates, m. p. 235° (decomp.) (Found : C, 52-7; H, 5*0, 
C 9 H 10 O 2 N 4 requires C, 524; H, 4-9%). 

Phthalaldehyde- 1 - oxime-2-ip-nitrophenylhydrazone , prepared from 
hydroxybenzoxazine like the corresponding semicarbazone, and 
also from hydroxy^soindole oxide by digesting with ^-nitrophenyl- 
hydrazine in acetic acid solution, separated from ethyl acetate in 
small, yellow prisms, m. p. 175° (decomp.) (Found: C, 59*0; 
H, 44. C 14 H 12 0 3 N 4 requires C, 59-2; H, 4-2%). 

Oxidation of 1-Hydroxy-2 : 3 -benzoccazine : Formation of o-Carb- 
oxybenzaldoxime and its Anhydride (XI and XII),—The hydroxy¬ 
benzoxazine, dissolved in pure ether, was shaken with successive 
small quantities of 1% potassium permanganate solution (in all, 
equiv. to 1 atom of oxygen) containing an excess of magnesium 
sulphate, the mixture was filtered, extracted with ether, and the 
aqueous solution acidified and again extracted. o-Carboxybenz- 
aldoxime anhydride was recovered from the first extract and was 
identified by its m. p. (186°) and by its conversion into phthalimide 
on heating. The small amount of o-carboxybenzaldoxime obtained 
from the second extract was identified by its m. p. (120°) and by 
converting it into the anhydride. 

1 (or 3) - Hydroxyisoindole - 2 - oxide (N - Hydroxyphthalimidine) 
(VIII, etc.).—It is difficult to give precise directions for the prepar¬ 
ation of this substance, for not only was it frequently obtained as 
almost the sole product on repeating as exactly as possible an 
experiment which had previously yielded hydroxybenzoxazine, 
but, on other occasions, attempts to repeat a successful preparation 
of hydroxyisoindole oxide gave hydroxybenzoxazine instead. It 
is believed that accidental seeding is, at any rate partly, responsible 
for these erratic results. Two circumstances, however, appear 
definitely to increase the chances of producing hydroxy^oindole 
oxide, namely, (a) the presence of alkalis, (6) a high temperature. 
Condition (a) can readily be understood, since hydroxyfsoindole 
oxide yields a rather stable sodium salt, the formation of which 
would disturb any equilibrium involving hydroxy windole oxide, 
in such a way as to favour the ultimate isolation of this substance 
at the expense of hydroxybenzoxazine. Condition (b) is explicable 
if, in the dyad equilibrium between (V) and (VII) (p. 1700), a rise 
of temperature favours the (usually) less permanent form (namely, 
VII) just as in the cases of hydrogen cyanide and acetylene. The 
following typical experiments illustrate the employment of these 
two methods. 

(i) The procedure leading to the formation of hydroxybenzoxazine 
(p. 1703) was repeated, excepting that 6*5 g. of anhydrous sodium 
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carbonate were employed instead of 54 g., the solution being 
neutralised before the extraction, which was carried out with 
chloroform in place of ether. 

(ii) The procedure detailed on p. 1703 was followed with the 
exception that all solutions were previously heated at 60°, and 
mixed at this temperature. The extraction was carried out with 
ethyl acetate instead of ether, the extract being washed with water 
and roughly dried by sodium sulphate before evaporation. 

The same substance can also be prepared by allowing hydroxy- 
benzoxazine to remain dissolved in solvents (other than alcohols 
or ketones), or by digesting it with dilute aqueous sodium carbonate 
and acidifying. 1-Hydroxy zsoindole-2-oxide separates from chloro¬ 
form in well-defined prisms, m. p. 181° (Pound: C, 64-3; H, 4-8; 

N, 94. C 8 H 7 0 2 N requires C, 644; H, 4*7; N, 9*4%). It is 
readily soluble in chloroform or ethyl acetate, sparingly soluble in 
ether, and nearly insoluble in water or ligroin. It is soluble in 
dilute mineral acids, giving colourless solutions, and it is also 
dissolved by aqueous sodium carbonate (or sodium hydroxide), 
giving a yellow solution containing a sodium salt, which is pre¬ 
cipitated as a yellow powder when an ethyl acetate solution of the 
hydroxy-compound is mixed with ethereal-alcoholic sodium 
ethoxide. Ferric chloride gives an intense violet colour, the reaction 
constituting a delicate test for the substance in dilute solution. 
It also readily reduces Fehling’s solution on warming, and, on 
digesting with an acetic acid solution of p -nitrophenylhydrazine 
acetate, gives the hvdrazone above mentioned. Its action towards 
oxidising and reducing agents and its behaviour on methylation 
are described below. 

Reduction of l-Hydroxyisoindole-2-oxide to Phthalimidine (XIII).— 
(i) The substance (1 g.), dissolved in 3 c.c. of methyl alcohol, was 
treated gradually at 50—60° with 32 g. of 3% sodium amalgam, 
the solution being kept only faintly alkaline by successive additions 
of glacial acetic acid. After removal of the mercurial layer, the 
liquid was evaporated to dryness in a vacuum, and the solid residue 
extracted with warm ethyl acetate, from which crystals of nearly 
pure phthalimidine separated (m. p. 145—149°). Qn crystallisation 
from benzene, it had the correct m. p. (150—151°), and it was then 
definitely identified by analysis (Found; C, 71*9; H, 5*5. Calc., 

O, 72*2 ; H, 5*5%), and by conversion into its nitroso-derivative 
(m. p. 156°). 

(ii) The hydroxyasoindole oxide was dissolved in dilute acetic 
t acid and treated with an excess of zinc dust, added sufficiently 
*//. rapidly to bring the solution to its boiling point towards the end 
process. An excess of ammonia was then added and the 
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solution extracted with ether, when an almost quantitative yield 
of * phthalimidine was obtained. 

(iii) Hydroxyzsoindole oxide was dissolved in dilute acetic acid 
and treated with sodium amalgam in the cold, glacial acetic acid 
being added as required to keep the solution acid. The mercury 
was separated, an excess of sodium hydroxide added, and the 
phthalimidine extracted with ether (yield nearly quantitative). 

Oxidation of l-Hydroxyhomdole-2-oxide to Benzaldoxime-o- 
carboxylic Acid (XI) and Phthalimide. —This oxidation was carried 
out like that described on p. 1705 excepting that ethyl alcohol was 
used in place of ether and that no magnesium sulphate was added. 
No product was obtained on extracting the filtered solution with 
ether, but on acidifying and again extracting, a mixture of phthal¬ 
imide and benzaldoxime-o-carboxylic acid was obtained, from which 
the former was readily separated owing to its smaller solubility 
in water. 

N -M ethoxy phthalimidine (IXb) .—The hydroxy^’soindole oxide 
was dissolved in methyl alcohol and treated with the theoretical 
quantity of methyl-alcoholic sodium methoxide, and then with 
twice the theoretical amount of methyl iodide. After heating on 
the water-bath for £ hour, the excess of methyl iodide and the 
methyl alcohol were evaporated and the residue was mixed with 
water and extracted with ether, from which, on evaporation, long 
needles were obtained, m. p. 74° after crystallisation from ether- 
ligroin (a mixture with the isomeric methoxy-compound of m. p. 77° 
melted at 45°) (Found: G, 66*1; H, 5*6. C 9 H 9 0 2 N requires 
C, 66*3; H, 5*5%). The substance is readily soluble in benzene, 
ethyl acetate, chloroform, or ether, moderately soluble in ligroin, and 
insoluble in water. It does not dissolve in alkalis, gives no colour 
with ferric chloride, does not reduce Fehling’s solution, and gives 
no condensation products with semicarbazide or the arylhydrazines. 

Reduction of N-M ethoxy phthalimidine to Phthalimidine .—Attempts 
to reduce this substance in neutral solution with zinc dust, ammon¬ 
ium chloride and aqueous methyl alcohol, or in water or dilute 
acetic acid with sodium amalgam, resulted in the recovery of 
unchanged material. Reduction took place, however, with tin 
and hydrochloric acid, and, on pouring the solution into an excess 
of alkali and extracting with ether, phthalimidine was obtained. 

Oxidation of N-Methoxyphthalimidine to Hydroxyi&oindole Oxide and 
Phthalimide .—The oxidation was carried out in neutral solution 
by permanganate in presence of magnesium sulphate as described 
on p. 1705, excepting that sufficient permanganate solution was 
used to supply three atoms of oxygen. On extraction with ether, 
a mixture of hydxoxyzsoindole oxide and phthalimide was obtained* 
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which were separated from each other by fractional crystallisation 
from ethyl acetate and identified by direct comparison with authentic 
specimens. 

l(or 3)-Methoxyisoindole-2-oxide (IX or IXa) was obtained from 
the ultimate ether and ether-ligroin residues obtained in the 
methylation experiment described on p. 1707. The residues from 
several such experiments were evaporated and then extracted 
repeatedly with hot ligroin (b. p. 60—70°). On cooling in a freezing 
mixture, small prisms separated, m. p. 52—53° after softening at 
48°, and from the oily residue obtained by evaporation of the 
ligroin a further quantity of the same substance was isolated by 
seeding (Found: C, 66*0; H, 5*7. C 9 H 9 0 2 N requires C, 66*3; 
H, 5*5%). It is readily soluble in all organic solvents, even ligroin, 
but insoluble in water. It is also insoluble in sodium carbonate 
solution, but readily soluble in dilute acids. It does not give a 
colour with ferric chloride, does not reduce Feb ling's solution, and 
gives no condensation products with semicarbazide or the aryl- 
hydrazines. 

Reduction of Methoxyisoindole-2-oxide to o-Methylphthalimidine 
(XV or XVa).—T he substance was treated with successive quan¬ 
tities of zinc dust in a boiling aqueous methyl-alcoholic solution of 
ammonium chloride, and the filtered solution was evaporated to 
remove methyl alcohol and extracted with ether. The residue from 
the ether yielded crystals, which, after draining, melted at about 
40°, but owing to their tendency to liquefy under all solvents in 
which they were not extremely soluble, they were not recrystallised 
(Found: C, 73*0; H, 6*4. C 9 H 9 ON requires C, 73*4; H, 6*1%). 
The constitution of the substance was established by the observ¬ 
ations (i) that, on boiling with concentrated hydrochloric acid, it 
yields phthalimidine, (ii) that, on heating in an open tube until 
visible decomposition commences, N -methylphthalimidine (XVI) 
is produced. The latter substance was isolated by crystallisation 
from ether and identified by direct comparison with a specimen 
prepared by the reduction of N -methylphthalimide. 

Oxidation of Metkoxyisoindole-2-oxide to Phihalimide. —This 
oxidation was carried out like that described on p. 1705, using, 
however, sufficient permanganate to supply rather more than four 
atoms of oxygen. On working up the product, phthalimide was 
obtained and identified in the usual way. 

The authors desire to thank the Chemical Society for a grant with 
the aid of which the expenses of this investigation have been met. 
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CCXXVTIX .—Synthetical Experiments in the iso 
Quinoline Group. Part V. Synthesis of Substances 
allied to Oxyberberine . 

By Robert Downs Haworth, William Henry Perkin, jun., 
and Herbert Sheppard Pink. 


During the course of these synthetical experiments in the group 
of the berberine alkaloids, it was thought probable that 3 :4-di- 
methoxyhomophthalic acid (I) would condense with homopiper- 
onylamine (Ia) with the formation of 2-homopiperonyl-l : S-di- 
methoxyhomophthalimide (II) and that this substance, under the 
influence of a suitable dehydrating agent, might yield oxyberberine 
(III). 


/ 5 Nch 2 -co 2 h 

MeO^JcOoH 

• MeO 
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\/ 

NHa-CHa-CHa 


MeO 
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MeO CO CH, 
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This plan is independent of, but on similar lines to, the successful 
synthesis of oxyberberine by Perkin, Ray, and Robinson (this vol., 
p. 740) and as we have now succeeded with its aid in preparing 
several substances allied to oxyberberine, there can be little doubt 
that, when it is extended, it will ultimately lead to the synthesis 
not only of oxyberberine but also of oxypalmatine and allied 
substances and therefore indirectly to the synthesis of the corre¬ 
sponding alkaloids. The 3:4-dimethoxyhomophthalic acid re¬ 
quired for the suggested synthesis was unknown and, while we were 
working out a method for its preparation, we decided to carry out a 
preliminary investigation with homophthalic acid itself and with 
4 : 5-dimethoxyhomophthalic acid, both of which were available. 

Homophthalic acid may be made from phthalide and potassium 
cyanide (Wislieenus, Annalen , 1886, 233, 102), a method which, 
owing to the difficulty in controlling the temperature of interaction, 
can only be used on a small scale. It may also be prepared by the 
action of phosphorus pentachloride on 2-isonitroso-l-hydrindone, as 
described by Perkin and Robinson (J.* 1907, 91, 1073), but the best 
method is that recommended by Ingold and Piggott (J., 1923,123, 
1483), namely, from 1-hydrindone by oxidation. 

Homophthalic acid condenses readily with |3-phenylethylamine 
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to give 2 -$-phenylethylhomophthalimide (IV), which dissolves in 
alkali to a yellow solution with a green fluorescence and condenses 
with aldehydes at the -CH 2 *CO- group. When treated with methyl 
iodide and sodium hydroxide, it yields the 4 : 4:-dimethyl derivative 
(V) and all attempts to obtain the monomethyl derivative, which 
would have been useful in the synthesis of substances of the coryd¬ 
aline type, were unfortunately unsuccessful. A series of experi¬ 
ments, made with the object of converting this imide into the 
parent of oxyberberine (X, oxyprotoberberine, compare this vol., 
p. 1462) by the action of dehydrating agents such as hydrogen 
chloride, thionyl chloride, phosphorus pentoxide or oxychloride, 
was without success. It is interesting that this imide, when treated 
with phosphorus oxychloride in boiling toluene solution, suffers 
disruption and is converted to some extent into the 1 : 3-dichloro- 
isoquinoline (VI) described by Gabriel (Ber., 1886, 19, 1655), 


CH a 

/y\c 0 9„h s 

kA/NsyCH, 


CO ch 2 


(IV.) 



(V.) 


/yv 

VAA 

CCl 


The stability of the imide (IV) to dehydrating agents is probably 
due to the carbonyl group in the 1-position in the isoquinoline ring, 
and attempts were made to reduce this group without reducing the 
carbonyl group in the 3-position. It was found that zinc dust and 
sodium amalgam have no action on alkaline solutions of the imide 
under mild conditions and that, under vigorous conditions, it slowly 
undergoes hydrolysis. The imide may, however, be reduced 
electrolyticaily to a mixture of 2-$-phenylethyl-3 : 4z-dihydro-l- 
iso quinolone (VII) and 2 - (3 ~phenylethyl- 1 : 2 : 3 : 4:-tetmhydromo- 
guincline (VIII). The former is insoluble in alkali, does not con¬ 
dense with aldehydes or suffer internal condensation when it is 
treated with phosphorus oxychloride, and cannot therefore be the 
isomeric 3-isoquinolone. It is clearly the carbonyl group in the 3- 
positioh in the imide which is the more readily reducible and, so 
far, it has not been found possible to leave this intact and reduce 
the group in the 1-position. Experiments are, however, in progress 
with the object of preparing the 3-keto-derivative synthetically. 

When the imide (IV) is heated for several hours with sodium 
hydroxide, the yellow colour gradually disappears and an N-j3- 
phenylethylfamiophtJ^ acid is produced which probably has 
structure (IX), but direct evidence of this view of its constitution 
is not yet available (compare, however, Gabriel and Posner, Ber., 
1894, 27, 2504). 
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Further experiments on this point are in progress. 
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The methyl ester of the acid (IX) yields, on treatment with 
phosphorus oxychloride, a small quantity of a substance (m. p. 
234°) which has the composition, C 17 H 13 ON, of oxyprotoberberine 
(X). The bright yellow colour of this substance is, however, not 
in accord with this structure and we are of the opinion that it is the 
oxyisoprotoberberine of the formula (XI; compare XVIII), but the 
detailed investigation of this substance was rendered difficult on 
account of the small yield obtained. 
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It is well known that derivatives of isoquinoline are formed with 
difficulty from unsubstituted p-phenylethylamine derivatives and 
that ring closure is much facilitated by the introduction of methoxy- 
or methylenedioxy-groups. With the view of obtaining increased 
yields of substances similar to those just described, a series of experi¬ 
ments was next carried out using homopiperonylamine (Ia) in the 
place of P-phenylethylamine, and 2-homopiperonylhomophthalimide 
(XII) was readily obtained by condensing this with homophthalic 
acid. It is curious that this imide could not be converted into a sub¬ 
stance of the oxyberberine type (XIII) by the action of dehydrating 
agents and also that, while the imide (IV) yields 1:3-dicbloro2$o- 
quinoline (VI) on treatment with phosphorus oxychloride, the 
imide (XII) does not suffer disruption under these conditions but 
is converted into Z-chloro-2-homopiperonyl-l-imquinolone (XIV). 
Attempts to convert this chloro-derivative into the substance (XIII) 
by treatment with copper powder and quinoline were unsuccessful. 
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The imide (XII) is converted into the corresponding -^-homo- 
piper o nylhomophthalmnic acid (compare IX) on warming with alkali, 
and the investigation of the action of phosphorus oxychloride on the 
methyl ester of this acid has given interesting results. Two sub¬ 
stances, A and B , are produced and of these, A (m. p. 180°), a 
colourless, feebly basic substance, has all the properties to be 
expected of 2 : 3-methylenedioxyoxyprotoberbenne (XIII). It may 
be reduced electrolytieally to the corresponding 2: 3-methylene- 
dioxytetrahydroprotoberberim (XV, m. p. 129°). 



(XV.) (XVI.) (XVII.) 


The correctness of the expression (XIII) for the substance A receives 
confirmation from the following independent synthetical experi¬ 
ments. JV-Phenylacetyihomopiperonylamine (XVI), prepared by 
the method described by Decker ( Annalen , 1913, 395, 294), was 
converted, by treatment with phosphorus oxychloride, into 6:7- 
methylenediozy-l-benzyl-3 : A-dihydroisoquinoline , and this reduced 
to l-benzylnoThydrokydrastinme (XVII). This base, owing doubtless 
to the absence of methoxy-groups in the ring, does not condense with 
formaldehyde and hydrochloric acid, and heating with formaldehyde 
and formic acid in a sealed tube leads exclusively to the formation of 
the 1A-methyl derivative (benzylhydrohydrastinine, p. 1721). 'When, 
however, the N -formyl derivative of the base (XVII) is treated with 
phosphorus oxychloride, it yields 2:3 -methylenedioxydihydroprotober- 
berine and this, on reduction, is converted into the tetrahydro- 
derivative, which melts at 129° and is identical with the substance 
(XV) produced by the reduction of A. Consequently, A must 
have the constitution (XIII).* The second substance, B, produced 
by the action of phosphorus oxychloride on the methyl ester of 
V-p-homopiperonylhomophthalamie acid (see above), has properties 
similar to those of oxymprotoberberine (XI) and it is suggested 
that it is 2 : Z-methylenedioxyoxymoprotoberberine (XVIII). It is a 

* If further evidence is required, it is supplied by the fact that 2:3- 
methylenedioxytetrahydroprotoberberine, on treatment with iodine followed 
by silver chloride, yields the corresponding protoberberinium chloride, which 
is decomposed by alkalis, in the same manner as ordinary berberinium chloride, 
yielding 2 : 3-methyienedioxydihydroprotoberberine and 2 : 3-methylenedi- 
oxyoxyprotoberberine, the latter being identical with A (compare p. 1723). 
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scarlet, crystalline substance (m. p. 225°), dissolving with difficulty 
in hydrolytic solvents, from which it separates in the hydrated form 
in orange needles which lose weight at 100° and are converted into 
the scarlet, anhydrous substance. On electrolytic reduction, the 
scarlet substance is first converted into the colourless 2: 3 -methylene- 
dioxyoxydihydroisoprotoberberine (XIX) and then into 2 : %-methylene- 
dioxytetrahydrohoprotoberberine (XX) isomeric with the substance 
(XV). 
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Synthesis of Oxy-\j/-berberim (compare Haworth, Perkin, and 
R ankin , J., 1924, 125, 1691).—This synthesis, indicated by the 
scheme: 
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was carried out in the following manner. 2-Homopiperonyl-6 : 7- 
dimetTwxyJiomoplithalimide (XXI), prepared from 4:5-dimethoxy- 
homophthalic acid and homopiperonylamine, was converted, by 
hydrolysis with alkali, into the corresponding amic acid (compare 
IX). When the methyl ester of this acid was treated with phos¬ 
phorus oxychloride, it gave a 70% yield of a substance melting at 
268° which was identical with the oxy-^-berberine described by 
Haworth, Perkin, and Rankin. It is interesting that no isomeride 
of this substance could be detected in the product of the interaction 
of the methyl ester with phosphorus oxychloride. The imide 
(XXI), on treatment with phosphorus oxychloride, behaves similarly 
to 2-homopiperonylhomophthalimide (XII), yielding 3-cMoro-2- 
homopiperonyl-6 : 7 -dimethoxy-l-v&oquinolone (compare XIV). 

At the commencement of this research it became necessary to 
determine whether substances of the oxyberberiae type are stable 
towards phosphorus oxychloride, that is to say, whether they are 
capable of formation in the presence of this reagent. Experiment 
showed that oxyberberine is readily acted on by phosphorus oxy- 
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chloride, two substances being formed, namely, methylnoroxy- 
berberine (Paltis, Monatsh ., 1910, 31, 573; Bland, Perkin, and 
Robinson, J., 1912, 101, 262; compare this voL, p. 744) and a 
chloro-derivative which clearly has the constitution (XXIII), 
because, when treated with ammonia, it yields iminoberberine , 
02oHi 8 0 4 N 2 (XXIV), a substance which does not melt at 280° and 
is characterised by the crystalline hydrochloride, Cgo^^^HC!, 
and by the fact that it is converted into oxyberberine on treatment 
with sodium hydroxide. 



During the synthesis of oxy- t^-berberine described above, a 
crystalline chloro-derivative was also obtained in small quantity 
which, since it yielded oxy-^-berberine on treatment with sodium 
hydroxide, was clearly the derivative corresponding to (XXIII). 


Experimental. 

p - Phenylethylamin e .—(3 - PhenyIpropionamide was prepared by 
the following method, which gives good results and does not seem to 
have been previously described. (3-Phenylpropionyl chloride (pre¬ 
pared by boiling phenylpropionic acid with a slight excess of thionyl 
chloride and distilling the product under reduced pressure), dis¬ 
solved in dry benzene, is saturated with dry ammonia, and the 
mixture of ammonium chloride and the amide recrystallised from 
hot water with the aid of animal charcoal. The amide separates 
in colourless leaflets (m. p. 105°) and is sufficiently pure for con¬ 
version into ft-phenylethylamine by means of sodium hypochlorite 
(Decker, Annalen, 1913, 395, 291). 

P-3 : 4;*IMme$hoxyphenylpropionic Acid. —Veratraldehyde (100 g.), 
malonic acid (130 g.), and piperidine (5 c.c.) wereheated in pyridine 
'solution (250 c.c.) for 1J hours on the steam-bath, during which 
rapid elimination of carbon dioxide took place, and the reaction was 
completed by boiling for 10 minutes. The product, on pouring into 
excess of dilute hydrochloric acid, gave an almost quantitative 
yield of 3 :4-dimethoxycmnamic acid, which was reduced to 3 :4- 
dimethoxyphenylpropionic acid by sodium amalgam under the 
conditions described by Perkin and Robinson (J., 1907, 91, 
1079). \ 
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2 - (3 - Pheriylethylhomophthalimide (IV).—(3 - Phenylethylamine 

hydrochloride (15-6 g.) is dissolved in water, the base liberated with 
potassium hydroxide, extracted with benzene, dried over potassium 
hydroxide, mixed with homophthalic acid (18 g.), and heated in an 
oil-bath at 180° for 3 hours. The product is dissolved in boiling 
alcohol and cooled, when the imide (IV) separates in almost colour¬ 
less prisms (19 g.) and is sufficiently pure for most purposes. After 
a second crystallisation from alcohol, it was obtained in'colourless 
prisms, m. p. 128—129° (Found: C, 77*0; H, 5-8. C 17 H 15 0 2 N 
requires C, 77*0; H, 5*7%). 

2-p-Phenylethylhomophthalimide (IV) is insoluble in water, 
sparingly soluble in ether, and readily soluble in hot alcohol or 
acetic acid. It dissolves in sodium hydroxide to a yellow solution 
with a green fluorescence and is reprecipitated by saturation with 
carbon dioxide. If, however, the alkaline solution is warmed for 
several hours, the colour disappears and the imide is no longer 
precipitated by carbon dioxide. 

The imide (1 g.) was heated in a sealed tube with phosphorus 
oxychloride (3 c.c.) at 140—150° for 3 hours, the excess of oxy¬ 
chloride removed by distillation under reduced pressure, the residue 
mixed with sodium hydroxide, and the solid collected. This 
substance crystallised from methyl alcohol containing animal 
charcoal in colourless needles (m. p. 123°) and was evidently identical 
with the 1 : 3-dichloroisoquinoline (VI) obtained by Gabriel (be. eit) 
(Found : C, 54*8; H, 2*6. Calc., C, 54*5; H, 2*5%). 

2-$-PhenyUthylA : 4:-dimethylhomophthalimide (V).—2-(3-Phenyl- 
ethylhomophthalimide (2 g.) was dissolved in a solution of sodium 
(0*35 g.) in alcohol (7 c.c.) and water (10*5 c.c.), methyl iodide (3 g.) 
added, and the mixture gently boiled until the green fluorescence 
had disappeared. Some of the alcohol was removed by distillation, 
the residue mixed with water, the precipitated oil extracted with 
ether, the extract dried over anhydrous magnesium sulphate, 
evaporated, and the oil distilled under 10 mm., when a colourless 
distillate was obtained which solidified on prolonged rubbing 
with petroleum (Found: C, 77*7; H, 6*5. C^H^OgN requires 
C, 77*8; H, 6*5%). This dimethyl derivative crystallises from 
aqueous alcohol in colourless needles (m. p. 60—61°) and is readily 
soluble in ether, but sparingly soluble in petroleum and insoluble 
in sodium hydroxide. That the methyl groups in (V) are both 
attached to carbon is shown by the fact that no methyl iodide is 
obtained when the substance is boiled with hydriodic acid. 

2-$-Phenyleihyl-Z : 4-dihydro-l-isoquinolone (VII). 2-(3-Phenyl- 
ethylhomophthaliinide (2 g.), dissolved in a mixture of alcohol 
(60 c.c.) and concentrated sulphuric acid (40 c.c.), was placed in the 
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cathode compartment of an electrolytic cell, the cathode of which 
consisted of a piece of lead (150 sq. cm. surface) and the anode of a 
sheet of lead surrounded by sulphuric acid (20%). After a current 
of o amperes had been passed for 16 hours, the solution was diluted 
with water, extracted with chloroform, the extract dried over 
potassium carbonate, the solvent removed, and the residue crystal¬ 
lised from ether-petroleum (b. p. 40—60°), separating in colourless 
needles, m. p. 77—78° (Found: C, 81*3; H, 7-0. C 17 H 17 ON 
requires C, 81*3; H, 6-8%). 2-$-PhenylethyMihydroisoquinolone 
is very soluble in organic solvents with the exception of petroleum, 
insoluble in dilute acids or alkalis, and will not condense with 
aldehydes in the presence of sodium ethoxide or piperidine. 

2- $-Phenylethyl- 1 : 2 : 3 : 4:-tetrahydroisoquinoline (VIII).—The 
acid mother liquors from the preparation of the ^soquinolone (see 
above) were made strongly alkaline with sodium hydroxide, ex¬ 
tracted with chloroform, the extract dried over potassium carbonate, 
and the chloroform removed, when a basic oil remained which did 
not crystallise. This dissolved completely in dilute hydrochloric 
acid and, on concentrating, the hydrochloride crystallised; it 
separated from alcohol-ether in long, colourless needles, m. p. 
227—229° (Found: C, 74-8; H, 7*4. C 17 H 19 N,HC1 requires 

C, 74*6; H, 7-3%). 

IS! - fi-Phenylethylhomophthalamic Acid (IX).—2- k S - Phenylethyl- 
homophthalixnide (1*3 g.) was heated with A-sodium hydroxide 
(10 c.c.) for 12 hours on the steam-bath, when the imide dissolved 
and the yellow colour of the solution gradually disappeared. After 
cooling, the unchanged imide was precipitated by carbon dioxide, 
and the filtrate acidified with concentrated hydrochloric acid; the 
straw-coloured gum, which soon hardened, crystallised from benzene 
in colourless needles, m. p. 122—123° (Found: C, 72*2; H, 5-9. 
C 17 H 17 O s N requires C, 72-1; H, 6-0%). This acid is readily soluble 
in alcohol, ether, or benzene, sparingly soluble in water or petroleum, 
and dissolves in sodium bicarbonate with effervescence. 

The methyl ester. When a methyl-alcoholic solution of the acid 
is saturated with dry hydrogen chloride, only a small yield of the 
methyl ester is obtained, the main product being the imide (IV), 
but the methyl ester may be obtained in a yield of 60% in the 
following way. The amie acid (2-8 g.), dissolved in a solution of 
sodium carbonate (0*53 g.) in water (50 c.c.), is mixed with a strong 
solution of silver nitrate (1-7 g.) and, after remaining for 2 hours in 
the dark* the silver salt is collected and thoroughly dried in a 
vacuum desiccator over sulphuric acid. The powdered salt, 
suspended in dry ether, is boiled under reflux with methyl iodide 
(2 g.) for 8 hours, and the solution is filtered and concentrated, 



EXPERIMENTS IN THE fcSOQUINOLINE GROUP. PART V. 1717 

when the methyl ester separates in colourless prisms, m. p. 74—75° 
(Found : C, 72-9; H, 6-5. C 18 H 19 0 3 N requires C, 72-7 ; H, 6*4%). 

Oxyisoprotoberberine (XI).—The above methyl ester (1 g.) was 
boiled with phosphorus oxychloride (2 c.c.) and toluene (5 c.c.) for 
an hour, hydrogen chloride being evolved and a brown gum 
separat ing . The product was diluted with petroleum (b. p. 40—60°; 
100 c.c.), the clear liquid, which contained considerable quantities 
of the imide (IV), decanted, the brown gum dissolved in alcohol, 
mix ed with sodium hydroxide, and the dark insoluble substance 
collected. It separated from glacial acetic acid in yellow needles, 
m. p. 234° (Found : C, 83*3; H, 5*2. C 17 H 13 ON requires C, 82*6; 
H, 5*3%). Oxyisoprotoberberine is a weak base, dissolving in 
strong acids and being reprecipitated on dilution with water. It is 
sparingly soluble in organic solvents and its solutions in alcohol and 
glacial acetic acid exhibit an intense green fluorescence. The yield 
of this substance under the most favourable conditions is very small 
and in many experiments it could not be isolated at all. 

2‘Hornx>piperonylho7nophthalimide (XII).—Homopiperonylamine 
was heated with homophthalic acid under conditions similar to those 
already described in the preparation of the imide (IV; p. 1715). 
The product separates from alcohol or glacial acetic acid in colourless 
needles, m. p. 156—157°, is insoluble in water, but dissolves in warm 
potassium hydroxide to a yellow solution with a green fluorescence 
which becomes gradually colourless on boiling (Found: C, 69*9; 
H, 4*8. C 18 H 15 0 4 N requires C, 69*9; H, 4*8%). 

2- HomopiperonylA : 4:-dimethylhomophthalimide (compare V) was 
prepared as described on p. 1715 and on pouring into water, a 
crystalline precipitate separated which crystallised from methyl 
alcohol, in which it was sparingly soluble, in long, pale yellow, 
rectangular prisms, m. p. 126—127°, It is insoluble in aqueous 
alkali and could not be hydrolysed to the corresponding homo- 
phthalamic acid (Found: C, 71*3; H, 5*8. CgoH^C^N requires 
C, 71*2; H, 5*6%). 

3- ChbrO‘2~homopiperonyl~ 1 -isoquinolone (XTV).—The imide (XII, 
1 g.) was boiled with a mixture of phosphorus oxychloride (3 c.c.) 
and toluene (10 c.c.) for 6 hours, during which hydrogen chloride 
was evolved, and, on cooling, a brown syrup separated. After 
dilution with petroleum (b. p. 40—60°), the clear liquid (which 
contained unchanged imide and some chloro - derivative) was 
decanted and the residual oil dissolved in a little alcohol. Sodium 
hydroxide was then added to remove unchanged imide, and the 
insoluble solid collected and recrystallised from methyl alcohol, 
from which it separated in short needles, m. p. 128—129° (Found: 
C, 66*4; H, 4*3. 0 18 H 14 0 3 NC1 requires C, 66*1; H, 4*3%). When 

vol. cxxvn. 3N 
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this chloro-derivative was heated with, copper powder in boiling 
quinoline solution and the quinoline removed by dilute hydrochloric 
acid, no trace of a condensation product could be isolated. 

N -H(m,opipermylhomophthalamic Acid (compare IX).—This acid 
was obtained from the imide (XII) by heating with ^-sodium 
hydroxide (2 mols.) for 12 hours on the steam-bath. After saturation 
with carbon dioxide to remove unchanged imide, the filtered solu¬ 
tion was acidified with concentrated hydrochloric acid, when a 
yellow gum separated which soon hardened, and crystallised from 
dilute acetic acid (1: 1) in needles, m. p. 158—159° (Found : C, 66*1; 
H, 5*0. C 18 H 17 0 6 N requires C, 66*0; H, 5*2%). The methyl ester 
was prepared by the esterification of the acid with methyl alcohol 
and hydrogen chloride and also by the action of methyl iodide on 
the silver salt (compare p. 1716). It crystallises with difficulty and 
then separates from ether in long, colourless needles, m. p. 95—96° 
(Found: C, 67*1; H, 5*6. C 19 H 19 0 5 2sT requires C, 66*9; H, 5*5%), 

The amide was prepared by dissolving the ester in ten times its 
weight of methyl alcohol and saturating with dry ammonia. The 
solution turned green and white needles of the imide (XII) separated; 
on diluting the filtrate with water, the amide was deposited as a 
crystalline mass, which separated from dilute methyl alcohol in 
needles, m. p. 216° (Found: N, 8*7. C 18 H 18 0 4 N 2 requires N, 
8 * 6 %). 

2: 3-Methyle7iedioxyoxyprotoberberine (XIII).—The above methyl 
ester (3 g.), phosphorus oxychloride (6 e.e.), and toluene (16 c.c.) 
were boiled for an hour, cooled, diluted with petroleum (b. p. 40— 
60°), and the solvents (which contained the imide XU and some of 
the chloro-derivative XIV) decanted from the gum. The latter 
was extracted with boiling dilute hydrochloric acid, the insoluble 
portion dissolved in hot methyl alcohol and cooled, when a mass 
of almost colourless needles separated; a further quantity separated 
in fine needles on concentrating the acid extract, the filtrate from 
which contained the substance XVill (see below). 2: Z-Methylene - 
dioxyoxyprotoberberine separates from methyl alcohol in colourless 
needles, m. p. 180°, and is sparingly soluble in ether, benzene, or 
cold alcohol, but readily soluble in hot alcohol or glacial acetic acid. 
It dissolves in concentrated mineral acids, but is reprecipitated on 
dilution with water (Found: C, 74*3; H, 4*6. C 18 H 13 O a N requires 
0,74-2; H, 4*5%). 

2 : 3 -Mdh ylenedwxytetrahydroprotoberberi7ie (XV).—The sub¬ 
stance XIII (1*5 g.), dissolved in alcohol (60 c.c.) and concentrated 
sulphuric acid (40 c.c.), was subjected to a current of 5 amperes for 
20 hours in the cell described on p, 1716. The mixture was poured 
into water and extracted with chloroform, when some unchanged 
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XIII separated. The acid filtrate from this was made strongly 
alkaline with ammonia, extracted with chloroform, the extract dried 
over potassium carbonate, and the solvent removed, when a brown, 
syrupy base remained which yielded a sparingly soluble hydrochloride , 
crystallising from water in prisms, m. p. 270° (decomp.). The base , 
liberated from the hydrochloride by sodium hydroxide, separated 
from methyl alcohol in colourless needles, m. p. 128—129° (Found : 
C, 77*2; H, 6*1. C 18 H 17 0 2 N requires C, 774; H, 6-1%). The 
picrate 9 prepared in alcoholic solution, crystallises from alcohol in 
yellow needles, m. p. 208—210° (decomp.). 

2 : Z-Methylenedioxyoxyisoprotoberberine (XVIII).—This highly 
coloured substance is contained in the acid mother-liquors obtained 
during the preparation of the substance XIII (see above). The 
liquors were evaporated and the residue was dissolved in glacial 
acetic acid containing a little acetic anhydride, when, after some time, 
a crystalline mass separated which was collected and boiled with 
water. The substance crystallises from dilute acetic acid in long, 
orange needles, which lose weight and become scarlet on drying on the 
steam-bath (compare p. 1713); m. p. 225—226° (Found: C, 74-5,74*2; 
H, 4*8,4*6. C 18 H 13 0 3 N requires C, 74*2; H, 4*5%). This substance 
is very sparingly soluble in alcohol, ether, or benzene, readily soluble 
in glacial acetic acid, and slightly soluble in water to a yellow 
solution. It is soluble in hot mineral acids, separating on cooling 
in orange needles which become scarlet on heating. The acetate 
separates from glacial acetic acid in pale yellow needles, m. p. 250° 
(decomp.), and is rapidly dissociated by water. 

2 : 3-Methylenedioxyoxydihydroisoprotoberberine (XIX).—This sub¬ 
stance was obtained when 2 : 3-methylenedioxyoxy£$oprotoberberme 
(XVIII) (1 g.), dissolved in a mixture of alcohol (60 e.e.) and concen¬ 
trated sulphuric acid (40 c.c.), was reduced with a current of 5 amperes 
in the cell described on p. 1716. The original orange solution became 
almost colourless and, after pouring into water, this was extracted 
with chloroform (B), the extract dried over potassium carbonate, 
and the solvent removed, when a brown syrup remained which 
crystallised from alcohol in nodules, m. p. 196—197°, and from 
dilute acetic acid in needles, m. p. 203—204° (Found: C, 73*7; 
H, 5*2. C 18 H 15 0 3 N requires C, 73*7; H, 5*1%). This dihydro¬ 
derivative is sparingly soluble in the usual organic solvents, dis¬ 
solves in concentrated mineral acids, and is reprecipitated by water. 

2: %-Methylenedioxytetrahydro\soprotoberberine (XX).—The aqueous 
mother-liquors (B) from the chloroform extraction (see above) 
were made alkaline with ammonia and again extracted with 
chloroform, when a small amount of a basic substance was isolated. 
The yield of this substance was increased by continuing the above 

' 3n* 
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reduction for 48 hours. The base is a syrup very soluble in organic 
solvents and has not been obtained in the crystalline state.' 

The hydrochloride is sparingly soluble and orystallises from dilute 
hydrochloric acid in small prisms decomposing at 260°. The 
pier ate, prepared in methyl-alcoholic solution, crystallises from much 
methyl alcohol in long, yellow needles, m. p. 216—217° (Found: 
N, 11*2. requires N, 11-0%). 

2-Homopiperonyl-6 : 7 -dimethoxyhomophthalimide (XXI).—This 
substance was prepared from homopiperonylamine and 4:5- 
dimethoxyhomophthalic acid as described on p. 1715 (Found: 
C, 65*0; H, 5-2. C 20 H 18 O 6 N requires C, 65*0; H, 5*1%), It is 
sparingly soluble in alcohol and crystallises from glacial acetic acid 
in pale yellow needles, m. p. 178—179°. It dissolves in warm 
sodium hydroxide to a yellow solution with a green fluorescence and 
is reprecipitated by carbon dioxide. The dimethyl derivative 
(compare Y) was obtained by treating the imide with methyl iodide in 
alkaline solution under the conditions described on p. 1715. On 
pouring into water, a white solid separated which crystallised from 
methyl alcohol in colourless prisms, m. p. 151° (Found: C, 66*8; 
H, 5*9. C^B^gOgN requires C, 66*5; H, 5*8%). 

S-Chloro-2-hcmopiperonyl- 6 ; 1 -dimethoxy-l-j&oquinolone (compare 
XIV).—The above imide (1 g.) was heated with phosphorus oxy¬ 
chloride (2 c.c.) and toluene (5 c.c.) for 2 hours, during which,hydrogen 
chloride was eliminated. Petroleum (b, p. 40—60°) was then added 
and, after standing for some time, the clear solution was decanted, 
the residue dissolved in alcohol, unchanged imide removed by 
treatment with sodium hydroxide, and the solid crystallised from 
glacial acetic acid, from which it separated in yellow needles, m, p. 
163—164° (Found: C, 61*7; H, 4*7. C^H 18 0 5 NC1 requires 
C, 61-9; H, 4-7%). 

'N-HomopiperonylA : 5-di?miJwxyhorriophtkalamic Acid (compare 
IX).—This was prepared by warm in g the imide with V-sodium 
hydroxide (2 mols.) for 12 hours on the steam-bath. On acidifying 
with concentrated hydrochloric acid, a grey, granular mass separated 
which crystallised from dilute acetic acid in needles, m. p. 181—182° 
(Found: C, 62-1; H, 5-5. C 20 H 21 O 7 N requires C, 62-0; H, 54%). 
The methyl ester, prepared by the two methods employed in the 
earlier cases (p. 1718), is sparingly soluble in ether and moderately 
soluble in methyl alcohol, from which it crystallises in colourless 
prisms, m. p. 136° (Found: C, 62-5; H, 5-6. CaiH^O-N requires 
C, 62-8; H, 5-7%). 

Ozy-f-berberine (XXII).—The above methyl ester (2 g.), phos¬ 
phorus oxychloride (6 c.c.), and dry toluene (10 c.c.) were boiled 
for an hom, cooled, and diluted with petroleum (100 c.c.; b. p. 
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40 —60°), and the clear solution decanted. The residue was washed 
with petroleum, digested with sodium hydroxide for 2 hours on the 
steam-bath, and the brittle solid boiled with a little alcoholic sodium 
hydroxide, collected, and crystallised from aqueous acetic acid, 
from which the substance separated in colourless needles, m. p. 
267—268° (not depressed on admixture with a specimen of oxy-^- 
berberine prepared by Haworth, Perkin, and Rankin; loc. cit.). 
In several experiments a salt of the dichloro-derivative (compare 
XXIII) separated towards the end of the reaction as an orange- 
crystalline solid, which crystallised from methyl alcohol in orange- 
yellow needles, m. p. 204—205° (decomp.). It was soluble in water 
and, on treatment with sodium hydroxide and subsequent crystal¬ 
lisation from dilute acetic acid, gave oxy-^-berberine. 

Beiizylnoihydrohydrastinine (XVII).— N -Phenylacetylhomopiper- 
onylamine (XVI) (10 g.) was dissolved in toluene (50 c.c.) and 
boiled for 1| hours with phosphorus oxychloride (20 c.c.). The 
solution was cooled, diluted with petroleum (b. p. 40—60°), the 
clear liquid decanted, the residual syrup dissolved in hot alcohol, 
acidified with sulphuric acid, and heated on the steam-bath with 
zinc dust until the intense blue fluorescence had disappeared. The 
solution was filtered hot, the zinc residues were thoroughly extracted 
with boiling water, and the base was liberated from the united 
filtrates by the addition of ammonia and extracted with benzene. 
The benzene extract was washed with water, dried over potassium 
hydroxide, and the benzene removed, when the residual syrup 
solidified to a pasty mass. 

Benzylnorhydrohydrastinine dissolves in the usual organic 
solvents with the exception of petroleum and crystallises from ether- 
petroleum in prisms, m. p. 64—66°. The hydrochloride separates from 
water in colourless, rectangular plates, m. p. 110°, and is sparingly 
soluble in water or alcohol and particularly sparingly soluble in 
dilute hydrochloric acid. The picrate, prepared in methyl-alcoholic 
solution, crystallises from methyl alcohol in short, thick prisms, 
m. p. 184—185° (Round: C, 55-3; H, 4*1. C 2 3 H 20 O 9 N 4 requires 
C, 55*6; H, 4*0%). When the base was heated in methyl-alcoholic 
solution with formalin and diluted with water, an oil separated which 
was heated with hydrochloric acid, but no substance of the tetra- 
hydroberberine type could be detected and the product contained 
large quantities of unchanged benzylrcorhydrohydrastinine hydro¬ 
chloride. 

Benzylhydrohydrastinine (p. 1712).—Benzybiorhydrohydrastinine 
(XVH) (0*5 g.) was heated with water (5 c.c.), formic acid (1*2 c.c.), 
and formalin (1 g.) in a sealed tube for 8 hours at 180°. The product 
was diluted with water, made alkaline with sodium hydroxide, and 

3 k* 2 
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the solution decanted from the syrupy base. This was washed with 
water, and dissolved in hot dilute hydrochloric acid, when the 
hydrochloride of benzylhydrohydrastinine separated in colourless 
prisms, m. p. 174—175° (decomp.) (Found: C, 67*6; H, 6-2. 
C 18 H 20 O 2 NCl requires C, 68-0; H, 6-3%). The base, liberated from 
the hydrochloride, was a syrup which was not obtained in the crystal¬ 
line state. 

2:3- Methyknedioxydihydroprofoberberine . — Benzyl^orhydro - 
hydrastinine (5*4 g.) and anhydrous formic acid (1 g.) were heated 
in an oil-bath at 200° for 4 hours, the product dissolved in toluene 
(25 c.c.), and boiled with phosphorus oxychloride (10 c.c.) for 
1| hours. Light petroleum was added, the clear liquid decanted, 
the residue boiled with dilute hydrochloric acid and animal charcoal, 
filtered, and the filtrate concentrated, when clusters of yellow 
prisms of the hydrochloride separated. This was collected, dissolved 
in water, and the base liberated by sodium hydroxide as a pale 
yellow solid, which crystallised from ethyl alcohol in clusters of 
yellow needles, m. p. 128—129° (Found : C, 77-7; H, 5-5. • C 18 H 15 02N 
requires C, 77*9; H, 5*4%). The hydrochloride crystallises from 
dilute hydrochloric acid, in which it is sparingly soluble, in yellow 
prisms, m. p. 250°. The picrate separates from much alcohol or 
ethyl acetate in long, orange needles, m. p. 254—255°. 

2 : 3 -Mdhylenedioxytetrahydroprotoberberine (XV) was obtained 
by reducing the dihydro-derivative just described with zinc dust 
and sulphuric acid until the solution became colourless. The hot 
liquid was filtered, the filtrate decomposed by ammonia, the sticky 
base washed with water and crystallised from methyl alcohol, from 
which it separated in almost colourless needles, m. p. 128—129°. 
This base is identical with the substance resulting from the electro¬ 
lytic reduction of 2 : 3-methylenedioxyoxyprotoberberine (XIII), 
since no depression in melting point was observed on mixing 
specimens which had been prepared by the two different methods. 

The 2:3~Methyh7iediozyprotoberberinium Salts .—The tetrahydro- 
base (XV), dissolved in alcohol, was oxidised by means of iodine in 
the presence of sodium acetate, when a yellow, crystalline precipitate 
separated, and, after concentrating, the precipitate was collected, 
suspended in water, and sulphur dioxide passed. The iodide 
obtained, crystallised from much water in long, pale yellow needles 
whia did not melt at 300° (Found: C, 53*8; H, 3*5, C 18 H 14 0 2 NI 
requires C, 53-6; H, 3*5%). The corresponding chloride was 
obtained by digesting the iodide with silver chloride in aqueous 
suspension for some hours, filtering, and concentrating the filtrate, 
when tine chloride separated as bright yellow needles which did not 
melt at 250°. When this chloride was heated for J hour with 50% 
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potassium hydroxide, a semi-solid mass separated which hardened 
on cooling. It was collected, ground, and extracted with hot, very 
dilute hydrochloric acid. The acid solution, make alkaline with 
ammonia, yielded a base which crystallised from alcohol in clusters 
of pale yellow needles, m. p. 128—129°, and proved to be identical 
with the 2:3-methylenedioxydihydroprotoberberine which had 
been previously obtained (p. 1722) by another process. The sub¬ 
stance insoluble in the dilute hydrochloric acid was crystallised from 
dilute acetic acid, when colourless needles were obtained which 
melted at 180° and were identical with the 2 : 3-methylenedioxy- 
oxyprotoberberine (XIII) described on p. 1718. 

The Action of Phosphorus Oxychloride on Oxyberberine. —Oxyber- 
berine (10 g.) was boiled with phosphorus oxychloride (50 c.c.) 
for 6 hours, during which the solution became deep orange and a 
bulky precipitate separated; the excess of oxychloride was then 
removed by distillation and the solid heated with dilute hydrochloric 
acid and filtered. The residue crystallised from glacial acetic acid 
in small, colourless needles, m, p. 245°, and was identical with a 
specimen of methyl?ioroxyberberine which had been prepared from 
oxyberberine by heating with hydrochloric acid in a sealed tube 
(compare p. 1713). The orange-coloured acid filtrate was decomposed 
with a large excess of concentrated ammonia, and the iminoberberine 
(XXIV) crystallised from much alcohol, from which it separated in 
small, pale yellow needles which did not melt at 280° (Found : 
C, 68*1; H, 5*0. C 20 H 18 O 4 N 2 requires C, 68*6; H, 5*2%). It is 
sparingly soluble in organic solvents and, on warming with sodium 
hydroxide, ammonia is evolved and oxyberberine separates. The 
hydrochloride was prepared by dissolving the base in warm dilute 
hydrochloric acid and allowing to cool slowly, when orange plates 
separated which did not melt at 280° (Found: C, 61*6; H, 4*9; 
X, 7*0. C 20 H 19 O 4 N 2 Cl requires C, 62*2; H, 5*0; X, 7*2%). This 
hydrochloride dissociates slowly in contact with moisture and is 
rapidly changed to oxyberberine on treatment with sodium 
hydroxide. 
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CCXXIX .—Researches on Sulphuryl Chloride . Part III. 
The Influence of Catalysts on the Chlorination of 
Toluene . 

By Oswald Silberrad, Chas. A. Silberrad, and Beatrice Parke. 

The present investigation on the chlorination of toluene was under¬ 
taken with the object of increasing our knowledge of the influence 
of catalysts on the chlorinating properties of sulphuryl chloride, 
hitherto confined to the effect of the better known carriers on the 
chlorination of benzene (Silberrad, J., 1921, 119 , 2029; 1922, 121 , 
1015). 

Previous investigators have recorded that no action occurs 
between toluene and sulphuryl chloride below 115° (Dubois, Bull . 
Acad. Roy. Belg., 1872, 42), but that at that temperature benzyl 
chloride and chlorotoluene are slowly formed. Tohl and Eberhardt 
(Ber., 1893, 26 , 2940), working at 160°, also obtained a mixture of 
these compounds, whilst Wohl (D.R.-PP. 1467/1902, 160102/1902, 
and 162394/1903) patented the manufacture of benzyl chloride 
(and its homologues) by heating toluene (and its homologues) with 
sulphuryl chloride to temperatures not exceeding 130°, the yield 
claimed in the absence of light being 50% on the toluene used. 
Tohl and Eberhardt (loc. cit.) also observed that iodine (at 160°) 
exercised no retarding influence on the formation of benzyl chloride; 
and Witte (Pharm. Rec. of New York, 1889, Dec. 16), Tohl and Eber¬ 
hardt (Ber., 1893, 26 , 2943), and Boeseken (Bee, trav. chirn ., 1911, 
30 , 381) obtained o- and ^-toluenesulphonyl chloride as the chief 
product of treating toluene with sulphuryl chloride in the presence 
of aluminium chloride. 

Apart from the simultaneous formation of chlorotoluene and 
benzyl chloride the present investigation has not confirmed these 
observations. The two ingredients react to a noticeable extent 
far below 115° in the absence of either light or catalysts, whilst 
iodine exercises a marked effect at 70° both by inhibiting side- 
chain substitution and by accelerating the formation of chlorotoluene. 
As regards the influence of aluminium chloride, toluenesulphonyl 
chloride or chlorotoluene can be produced at will according as the 
conditions selected are conducive to the Priedel and Crafts reaction 
or to chlorination; the former conditions appear to have been those 
selected by the above cited previous workers and the latter come 
within the present investigation (compare No. 3). 

those which either inhibit chlorination or alter its course Without 
inducing any appreciable acceleration, and those which accelerate 
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substitution. Of the first series, phosphorus pentachloride is the 
most remarkable; it appears to prevent ring substitution altogether 
without, however, materially influencing the quantity of benzyl 
chloride produced in a given time.* Manganese chloride and arsenic 
also exhibit this peculiarity, though to a lesser extent, whilst the 
latter also accelerates side-chain substitution. All the other 
catalysts examined accelerate ring substitution and, with the excep¬ 
tion of sulphur f and bromine, at the expense of the benzyl chloride 
produced, the yield of the latter compound being reduced to zero 
in the case of iron, aluminium, antimony, bismuth and tellurium. 

Further, the catalytic activity of the elements of the same group, 
with the exception of bromine, is a function of the atomic weight, 
increasing with this apparently up to a maximum, as illustrated 
by bismuth (see table on p. 1726). In this respect, therefore, 
the elements examined behave in the same manner as halogen 
carriers in direct chlorination (WiUgerodt, J. pr. Chem., 1886, 33, 
264), from which it would appear that they operate as chlorine 
carriers rather than as dissociation catalysts. The only exception 
to Willgerodt’s rule is furnished by bromine, which is much more 
active than iodine in spite of their relative atomic weights. It is 
suggested that this abnormality is due to the transient formation 
of sulphuryl bromide, concerning the existence of which there has 
been so much controversy (Odling, Quart, J. Chem , Soc,, 1854, 
7, 2; Jahresbericht, 1854, 308; Handbuch Deutsch von Oppenheim , 
1865, 1, 169; also Sestini, Bull. Soc. chim., 1868, 10, 226; Gustav- 
son, Ber ., 1873, 6, 9; Melsens, Compt. rend., 1873, 76, 92). This 
suggestion is borne out by the fact that bromine shows this abnormal 
activity only if previously dissolved in and added with the sulphuryl 
chloride and not when admixed with the hydrocarbon (Nos, 14 
and 15), whereas with iodine, which admittedly shows no tendency 
to form sulphuryl iodide (compare Sestini, loc. cit. ; Odling, loc. cit.), 
it makes but little difference whether it be added to the hydrocarbon 
or to the sulphuryl chloride (Nos. 16 and 17). 

Not only is the intensity of the action a function of the atomic 
weight, but also the nature of the chlorination effected (see table); 
thus, the elements of the same group show a decreasing tendency to 
induce side-chain substitution with increasing atomic weight, 
but an increasing tendency to accelerate ring substitution. In all 
cases where the catalyst showed a marked influence* the reaction 
was accompanied by the formation of strongly coloured inter- 

* Erdmann {Annalen, 1893, 272, 149), working with chlorine, found that 
phosphorus pentachloride accelerated side-chain substitution. 

f This observation is in accord with Beck’s work on the direct chlorination 
of toluene in the presence, of sulphur (Ber., 1892, 25, 2445). 
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mediate products tlie constitution of which is evidently similar to 
those previously observed in the case of benzene, thus again con¬ 
tributing strong evidence in favour of the additive theory of 
chlorination (Silberrad, loc. tit.). 

Comparative Action of Catalysis of the Same Periodic Group. 

Products obtained on boiling for 8 hours. 


Ratio 




% of 

%of 

%of 

chloro- 




chlorine 

chloro- 

benzyl 

toluene 




in 

toluene 

chloride 

to benzyl 


Element. 

At. wt. 

product. 

produced. 

produced. 

chloride. 

Coloration. 

Group V. 
Phosphorus 

* 31*04 

2*1 

nil 

7*6 

0*0 

Nil 

Arsenic ... 

74-96 

4*6 

3*3 

12-6 

0*25 

Amber 

Antimony 

120*2 

26*2 

93*1 

nil 

03 

Bark brown 

Bismuth ... 

208*0 

21*1 

76*4 

nil 

CO 

Bark brown 

Group VI. 
Sulphur ... 

32*07 

18*1 

50*5 

13*8 

3*7 

Pale amber 

Selenium 

79*2 

23*2 

77*0 

5*2 

14*8 

Bark amber 

Tellurium 

127*5 

25*1 

89*1 

nil 

CO 

Beep brown 

Group YU. 
Bromine ... 

79*92 

10*8 

26*9 

11*3 

1*3 


Iodine.. 

126*92 

5*6 

16*0 

4*5 

3*5 

— 


Experimental. 

For the sake of brevity the method of procedure adopted is 
described in general terms and the quantitative results are summarised 
at the end of the paper, only peculiarities specific to each catalyst 
being described under that head. Unless stated otherwise, no 
coloration developed. 

The apparatus and the method used were similar to those described 
by one of us (Silberrad, J-, 1921, 119, 2031), save that the mixture 
was boiled for 8 hours and light was found to produce so marked 
an effect on the results that its influence was rigidly excluded. The 
hydrocarbon (79 c.e. of toluene) was treated with 10% excess of 
sulphuryl chloride (66 c.c.) in the presence of the desired catalyst. 
The product was boiled with 250 c.c. of water * and steam-distilled, 
and the distillate dried and fractionated. The fraction boiling 
below 180° was freed from traces of dichloro-compounds by redistil- 
lation and its composition then calculated from its density and the 
quantity of benzyl chloride present, estimated by boiling a weighed 
quantity with excess of solid silver nitrate and sufficient alcohol 
to form a boiling saturated solution (compare Schultze, Ber., 1884, 
17, 1675; Cohen, Dawson, Blockey, and Woodmansey, J., ,1910, 

: * Without this preliminary treatment sulphuryl chloride when present in 
any quantity passed over undecomposed on steam distillation. 
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97, 1625); a less concentrated solution of silver nitrate is liable 
to give inaccurate and erratic results. 

No. 1. Catalyst nil. —The boiling ingredients slowly evolved 
sulphur dioxide and hydrogen chloride : the reaction was evidently 
not completed during the experiment (8 hours). 

No. 2. Catalyst Gold Chloride. —Gold is apparently not attacked 
by sulphuryl chloride below about 150° (North, Bull. Soc. chim 
1911, 9 , 646). It was therefore introduced as the anhydrous 
trichloride (1*3 g.). The velocity of chlorination was thereby raised 
about 30% without, however, appreciably altering the nature or 
relative proportion of the products. The reacting mixture assumed 
an amber tint. 

No. 3. Catalyst Aluminium Chloride {anhydrous). —Alumin¬ 
ium chloride combines with sulphuryl chloride in the absence 
of moisture to form aluminium chlorosulphoxide, which acts as a 
powerful dissociation catalyst (Adrianowsky, Ber., 1879, 12, 688; 
Ruff, Ber., 1902, 35 , 4453; Chem. Ztg., 1906, 30 , 1225; Rohland, 
Chem. Ztg., 1906, 30 , 1173; Silberrad, J., 1921, . 119 , 2031). The 
anhydrous compound was therefore used, 14 g. being added to the 
toluene and the required quantity of sulphuryl chloride run into 
the mixture previously raised to 70°. A vigorous evolution of 
sulphur dioxide and hydrogen chloride took place at once and the 
reaction was completed in 2\ hours. The acceleration effected by 
this catalyst therefore amounted to approximately 1600%. The 
product, which was at first deep purple and finally dark vamdyke- 
brown, had the characteristic odour of tolueriesulphonyl chloride. 
The quantity was, however, small, chlorination being almost the 
only reaction under the above conditions. 

No. 4. Catalyst Carbon. —Carbon is not attacked by sulphuryl 
chloride (Heinemann and Kochlin, Ber., 1882, 15, 1736; Jahresbe- 
richt, 1882, 234); any influence this substance might exercise was 
therefore likely to be physical rather than chemical. Finely- 
ground (200-mesh) wood charcoal was used (0*7 g.). A slight increases 
in the amount of nuclear substitution appeared to be induced. 

No. 5. Catalyst Stannic Chloride. —Tin is only slowly attacked 
by sulphuryl chloride (Heinemann and Kochlin, loc. cit.), anhydrous 
stannic chloride (14 g.) was therefore used. Substitution took place 
almost entirely in the ring. The reacting products developed a 
faint pink tint. 

No. 6. Catalyst Phosphorus Pentachloride. —In order to avoid 
complication arising from the possible formation of sulphur chloride * 

* Sulphuryl chloride converts phosphorus into the trichloride (Kochlin 
and Heinemann, Bet., 1881, 15, 1738) and less readily into the pentachloride 
(North and Thompson, J. Amer . Chem. Soc., 1918, 40, 774), whilst the latter 

3n** 
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the pentachloride (0*7 g.) was used. Chlorination proceeded even 
more slowly than without the catalyst, and the action was restricted 
entirely to side-chain substitution. 

No. 7. Catalyst Arsenic. —Arsenic is rapidly converted into the 
trichloride by sulphuryl chloride {Kochlin and Heinemann, also 
Ruff, loc. tit.), The finely-ground element (0*7 g.) was therefore 
used. The reaction proceeded slowly, substitution occurring chiefly 
in the side chain. 

No. 8. Catalyst Antimony .—Antimony reacts with sulphuryl 
chloride, forming the trichloride (Kochlin and Heinemann, loc. tit.). 
The element (0*7 g.) was therefore used. A steady and vigorous 
evolution of gas took place during, the whole of the experiment, 
and the reaction was practically completed in 3 hours. The 
acceleration caused by this catalyst therefore amounted to 1300% 
approximately. The product, initially purple, gradually turned 
deep vandyke-brown. Substitution took place entirely in the ring. 

No. 9. Catalyst Bismuth, —The action of sulphuryl chloride on 
this metal does not appear to have been previously examined. It 
dissolves readily, however, and was therefore introduced in the 
metallic form (0*7 g.). A vigorous action set in and a steady evolu¬ 
tion of gas continued during the whole of the experiment. As a 
catalyst, bismuth behaves very similarly to antimony; the reaction 
mixture also passes through a precisely similar series of colour 
changes and substitution occurs wholly in the ring. 

No. 10. Catalyst Sulphur Chloride. —According to Heinemann 
and Kochlin (loc. tit.) sulphuryl chloride does not act on sulphur 
at all; Ruff (loc. tit.), however, observed the formation of sulphur 
monochloride at 200°, and North and Thompson (J. Amer. Chem. 
Soc ,, 1918,40,774) observed it at 95—98°. Preliminary experiments 
with toluene showed that the hydrocarbon was very little attacked 
during the first 5 or 6 hours when elementary sulphur was used, but 
that after that the reaction proceeded just as rapidly as when 
sulphur chloride was added, thus proving beyond a doubt that 
sulphur is slowly converted into sulphur monochloride even at 70°. 
In order to avoid complication, therefore, the catalyst was intro- 

substance reacts with a further quantity of sulphuryl chloride with formation 
of thionyl chloride, phosphorus oxychloride, and chlorine (Michaelis, Jenaische 
Z. Med. Naiurwise., 1871, 6, 79; Z. Chemie Pharm., von Beilstein Fittig u. 
Hubner, 1871, 6, 460). The thionyl chloride reacts with a further quantity 
of phosphorus trichloride, producing phosphorus sulphur chloride (Michaelis, 
Z. Chem< Pharm., von Beiktein Fittig u. Hubner, 1871, 6, 151), which in 
its turn is reconverted into phosphorus pentachloride and sulphur chloride by 
a further quantity of sulphuryl chloride (Michaelis, loc. cit.; compare also 
Hoa?th and Thompson, loc. cit .); hence the risk of complications through the 
formation of sulphur chloride. 
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duced in the form of sulphur chloride (0-7 g.). A steady and fairly 
strong reaction took place during the whole experiment, the amount 
of side-chain substitution being doubled and that in the ring quad¬ 
rupled by this catalyst. The reacting liquid assumed a pale amber 
tint. 

No. 11. Catalyst Selenium. —Selenium is rapidly attacked by 
sulphuryl chloride with formation of the tetrachloride (Lehner and 
North, J. Amer. Chem. Soc ., 1907, 29, 33). The element (0-7 g.) 
was therefore used. A vigorous reaction proceeded throughout the 
experiment and the product assumed a dark amber colour. 

No. 12. Catalyst Tellurium. —Tellurium is converted first into 
the di-, then into the tetra-chloride on heating with sulphuryl chloride 
(Lenher, J . Amer . Chem. Soc., 1898, 30, 737). The element (0*7 g.) 
was therefore used. The reaction was perceptibly more vigorous 
than with selenium, chlorination being complete in 5 hours and 
substitution taking place almost entirely in the nucleus. The 
mixture, too, assumed a much darker tint, changing from a dull 
purple-brown in the early stages to a very dark amber-brown at 
the end. 

No. 13. Catalyst Manganese Chloride. —The manganese was intro¬ 
duced as anhydrous iron-free manganous chloride, in the presence 
of which chlorination appeared to proceed even more slowly than 
without any addition. 

No. 14. Catalyst Bromine (added to the hydrocarbon).—Sulph¬ 
uryl chloride decomposes hydrogen bromide with liberation of 
bromine, but then the reaction appears to stop (Besson, Compt. 
rend., 1896, 122, 467). In conformity with this observation it was 
found that bromine added to the hydrocarbon exercised little or 
no influence on the rate of chlorination. 

No. 15. Catalyst Bromine (added to the sulphuryl chloride).— 
Having regard to the possibility of the intermediate formation of 
sulphuryl bromide, Experiment No. 14 was repeated, bromine being 
added to the sulphuryl chloride instead of the hydrocarbon. The 
reaction was much more vigorous, approxi m ately double the amount 
of substitution occurring in 8 hours. 

No. 16. Catalyst Iodine (added to the hydrocarbon).—According 
to Buff (Ber., 1901, 34, 1749) sulphuryl chloride alone is without 
action on iodine. On prolonged boiling, however, a dilute solution 
of iodine in sulphuryl chloride became colourless, presumably due 
to the formation of iodine chloride. Added to the hydrocarbon, 
iodine (0*7 g.) accelerated ring substitution to a small extent at the 
expense of the benzyl chloride formed. 

No. 17. Catalyst Iodine (addedto sulphuryl chloride).—Unlike 
bromine, iodine (0*7 g.) added to the sulphuryl chloride produced a 

3 N** 2 
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similar result to that obtained when the halogen was added to the 
hydrocarbon. 

No. 18. Catalyst Iron .—According to North (Bull. Soc. chim. 9 
1911, 9, 646), who obtained ferric chloride t J>y heating iron with 
sulphuryl chloride to 160°, this metal is attacked by sulphuryl 
chloride with some difficulty. Heated in the presence of the 
hydrocarbon, however, it (0*7 g.) rapidly passed into solution and 
induced vigorous substitution in the nucleus. The reacting mixture 
assumed a dark olive-green colour. 

No. 19. Catalyst Platinum .—According to North (loc. cit.) 
platinum behaves like iron when heated with sulphuryl chloride. 
The finely divided metal (0*7 g. of 20% platinum asbestos) was 
therefore used. The bulk of the platinum gradually passed into 
solution and exercised a slight accelerating influence. 


Table. 


Giving Quantitative Results obtained by boiling 0*75 g.-mol . of Toluene 
with 10% excess Sulphuryl Chloride for 8 hours in the presence 
of Various Catalysts. 


Ho. 

I 


4 

5 

6 

. 7 
8 
9 
10 
11 
12 

13 

14 

15 

IS 

IT 

18 

19 


Catalyst. c.c, 

Nil . „ 

Gold chloride ...... 76 

Aluminium 

chloride* .. 79 

Carbon. 79 

Stannic chloride .. 
Phosphorus penta- 

chloride . 80 

Arsenic... 78 

Antimony* . 78 

Bismuth .... 80 

Sulphur chloride.. 

Selenium .._ 

Tellurium* ......... 8Q 


Steam-distilled 

product. 

Crude 

product. ,- f -, 

Yield Yield 


Products obtained. 

Fractionated product. 


Yield 

c.c. 


Composition. 
Chloro- Benzyl 
Toluene toluene chloride 


%• 


%- 


%. 


chloride .. 78 

Bromine (added to 
hydrocarbon) ... 
Bromine (added to 

so t a B ) ........ 

Iodine (added to 
hydrocarbon) 

Iodine (added to 

Irem .............. _ 

PMnmn .. 75 


80 

73 

0-921 

60 

0-905 

80-3 

12-8 

6-9 

1 76 

70 

0-927 

59 

0-918 

73-5 

17-0 

9-5 

. 79 

69 

1-084 

58-5 

1*073 

3-1 

96-9 

nil 

. 79 

76 

0*914 

67*5 

0*912 

76-5 

16-9 

6-6 

80 

78 

0-924 

66*5 

0*914 

74-5 

24-8 

0*7 

. 80 

77 

0*900 

62-5 

0*880 

92-4 

nil 

7-6 

, 78 

75 

0*907 

64-5 

0-898 

84-1 

3-3 

12-6 

78 

75 

1*067 

65-5 

1*063 

6-9 

93-1 

nil 

80 

78 

1*027 

63*2 

1-022 

23-6 

76'4 

nil 

79 

76 

1*010 

62 

0-997 

35-7 

50-5 

13-8 

. 82 

80 

1*046 

71 

1-037 

17-8 

77-0 

5-2 

80 

79 

1*069 

71 

1*053 

10-9 

89*1 

trace 

> 78 

75 

0*892 

64*5 

0*885 

91-2 

2-2 

6*6 

! 80 

77 

0*917 

65 

0-905 

80-4 

11-0 

8-6 

! 79 

74 

0*948 

65*5 

0-941 

61*8 

26-9 

11*3 

80 

1 

76 

0*913 

68*5 

0-901 

81-9 

16-5 

1*6 

. 80 

77 

0*918 

69*5 

0*906 

79-5 

16*0 

4*5 

. 81 

77 

1*022 

68 

1-017 

25*7 

74-3 

nil 

. 75 

72 

0*944 

59 

0-940 

61-8 

34-9 

4*3 


^ ?res6noe of tilese catalysts the reaction was completed in less 
hours, namely, with aluminium chloride in 2$ hours, with antimony 
in 8 hours, and with tellurium in 5 hours. 
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CCXXX .—Stereoisomeric Azo-dyes . 

By Gilbert T. Morgan and Donal George Skinner. 

A study of the absorption of asymmetric substances by animal 
fibres was made by Willstatter (Ber., 1904, 37, 2758), who employed 
racemoid alkaloids but without finding any preferential absorption 
of one optical component by wool or silk. 

Porter and Hirst (J. Amer. Chem. Soc., 1919, 41, 1264) prepared 
a varied series of asymmetric azo-dyes with the object of estab¬ 
lishing a .definite relationship between the chemical structures of 
dyes and their function as vital stains. They report, but without 
giving practical details, one case of a racemoid dye on which wool 
acted selectively, absorbing more of the laevo- than of the dextro- 
isomeride. Their azo-dyes, which contained an asymmetric carbon 
atom derived from p-aminobenzhydrol and the ^-aminodiphenyl- 
alkylcarbinols, NH 2 *C 6 H 4 -CAlk(OH)*C 6 H 5 , were prepared by suc¬ 
cessively diazotising these amines and coupling the diazonium salt 
with (3-naphthol, dimethylaniline, naphtholsulphonic acids, or 
naphthylaminesulphonic acids. 

Ingersoll and Adams (J. Amer. Chem . Soc., 1922, 44, 2930) 
obtained d- and Z-forms of p-aminobenzoyl-a-aminophenylacetic 
acid and converted these into two pairs of optically active dyes 
by diazotising and coupling with (3-naphthol and dimethylaniline. 
The [3-naphthol dyes were absorbed by wool in equal amounts, 
whereas the two dimethylaniline dyes were absorbed at unequal 
rates. 

Racemoid aminomandelic acid was resolved by Porter and 
Ihrig through its cinchonine salt and its optically active com¬ 
ponents were diazotised and coupled with [3-naphthol. When 
wool was dyed with a racemoid mixture of these azo-colouring 
matters, the dye-bath became lsevorotatory owing to the higher 
rate of absorption of the dextro-form ( J , Amer . Chem. Soc. 3 1923, 
45, lp90). 

In the experiments described below, two sets of stereoisomeric 
dyes were prepared and their enantiomorphous components were 
isolated. 

w.-Butyl alcohol, kindly supplied by Captain Desborough of the 
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Royal Naval Cordite Factory, was converted successively into 
(3-butylene and py-dibromo-n-butane. The last product was then 
condensed with aniline, whereby two stereoisomeric bases were 
obtained, but the dZ-diamine (I) was in much larger yield than 
its raeao-isomeride (II). The preparation was substantially that 
carried out by Trapesonzjanz (Ber., 1892, 25, 3280), although this 
investigator did not recognise the two ■stereoisomerides; 


H 


(I.) 


CH-—C—NH-^ \ 

| \_/ 

-NH—C—CH S 

A 


CH,- 


CH, 



Both stereoisomeric bases were oily, but of their solid derivatives it 
was found that those of the -diamine were less fusible and less 
soluble than those of the dZ-isomeride. 

The two diamines were separated by means of their crystallisable 
salts (nitrate, sulphate, picrate) and were coupled separately with 
diazotised sulphanilic acid, when two stereoisomeric azo-dyes were 
obtained. 


SO*H< 


’V 


¥ 

CH 3 -C-NH-< 

\-nh-c -ch 3 


>-n:n-<^\so 3 h 

(in.) 


CHg- 


■6—nh-/ Vn:n-< 


ch 3 —c—nh-/ Vn:n- 

H V - / 


>S0 3 H 


so 3 h 


(IV.) 


These disazo-dyes retain the 44 tartaric acid 55 configuration of 
the original bases. The compound IV from the ra&so-diamine 
was non-resolvable, whereas its isomeride III was resolved into 
optically active forms by means of the strychnine and cinchoni din e 
salts. 

The conditions under which solutions of the racemoid dye were 
kept in contact with wool for a prolonged interval at 20° were 
varied as to solvent, time of contact, and stre ng th of solution, 
but only in one case was a slight Optical activity observed in the 
dye-bath. The rates of absorption by wool of the four stereo- 
isomeric dyes—the dZ-, d-, Z-, and meso-foims —were then investig¬ 
ated* and in all four cases the solutions of the dyes were of the 
strength, the volume of the solution being proportional to 
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the weight of wool employed. At fixed intervals of time the 
amount of colouring matter remaining in solution was titrated 
by standard titanous chloride, this estimation giving a measure 
of the dye absorbed. The dextrorotatory dye was absorbed by the 
fibre at a slightly faster rate than the racemoid compound, whereas 
the Isevorotatory isomeride was absorbed more slowly than either. 

Although the differences in the measured rates of absorption 
of these three stereoisomeric forms were small, they were con¬ 
sistent for all the readings taken. The faster absorption of the 
d-compound was in agreement with the qualitative observation that 
a solution of the racemoid dye on prolonged contact with wool 
tended to become Isevorotatory. The smallness of this optical 
activity had indicated that the differences in the rates of dyeing 
of the two enantiomorphs would also be small; the qualitative 
experiments confirm this anticipation and the greater rate of 
absorption of the clextro -form is also in agreement with the results 
of Porter and Ihrig (loc. cit .). 

The m&so-isomeride was found to dye wool at a much slower 
rate than any of its three stereoisomerides, this being the first case 
in which internally and externally compensated disazo-dyes have 
been contrasted. 

Attempts were next made to demonstrate selective absorption 
by wool of less acidic colouring matters containing carboxyl groups 
and accordingly dl - and weso-diphenyl-Py-diamino-ft-butanes were 
coupled with diazotised anthranilic acid, when it was found that 
these diamines coupled with only one molecular proportion of the 
diazo-compound so that the resulting monoazo-dyes no longer 
retained any analogy with tartaric acid. 

The cis- and £r<m$-carboxyazo-dyes from the meso- and dl - 
diamines are represented respectively by formulae V and VI, both 
being resolvable. 


¥ / 

CH S —C—NH-^ 

CH 3 —(£—NH- 


0- N:N -0 


/ (V.) 

co 2 h 


¥ 

ch 3 — c— nh-< 

>-NH—C —CH 3 


>-n:n- 


_/ 

,H 


6o, 


(VI.) 


Attempts were made with several alkaloids to resolve the latter 
more plentiful dye, <&-tT&ns-2-carboxybenzeneA-azodiphenyl-fiy*di- 
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amino-n-butane } into its enantiomorphs, but only the laevorotatory 
isomeride was obtained and that through the agency of the strychnine 
salt. 

The rates of absorption by wool of the three stereoisomerides, 
when ascertained by the titanous chloride titration, showed that, 
as in the case of the sulphonated disazo-dyes, the com¬ 

pound was absorbed less readily than the dZ-Zrcms-isomeride, the 
differences being greater than those observed with the sulphonated 
dyes. The rates of absorption for the two racemoid, cis- and 
fm^-carboxylated azo-dyes were practically identical. 

Experimental. 

Stereoisomeric Diphenyl-^y-diamino-n-butanes. 

The vapour of n-butyl alcohol was passed through a mixture 
of sand and phosphoric acid at 300—350° contained in a cylindrical 
copper vessel, and to the distillate of crude (3-butylene, condensed 
and cooled with ice and salt, was added bromine drop by drop so 
that only a slight excess of halogen was present. The dibroznide, 
washed with aqueous alkali and dried, was distilled fractionally 
until Py-dibromo-w-butane was isolated, b. p. 157—158° (J., 1923, 
123, 97). 

Aniline (600 g.) and 60 g. of Py-dibromide were heated together 
at 160° for 4 hours, when the mixture became pasty owing to the 
separation of hydrobromides. After neutralisation with saturated 
aqueous sodium carbonate the mixture was distilled in steam to 
remove excess of aniline, and the residue extracted with benzene 
or ether. The crude diamines left on evaporating the solvent 
weighed 50 g. (yield 74%, calculated on Py-dibromide). 

dl’Dipkenyl~$y-diamino-n-butane (I).—The crude bases, con¬ 
sisting mainly of dZ-diamine and a small proportion of meso-diamine, 
were dissolved in 50 c.c. of alcohol, 50 c.c. of nitric acid (d 1*42), 
and 100 c.c. of water, the solution being stirred and cooled in ice 
and salt. The crystalline dZ-diamine nitrate which separated was 
reerystallised from alcohol until it melted with decomposition at 
170—175° (weight 37 g.). The purified nitrate was decomposed 
with ammonia, the liberated base extracted with benzene and 
precipitated as picrate by adding picric acid (1 mol.) dissolved in 
the same solvent. The product was crystallised repeatedly from 
benzene until the purified dZ-picrate melted at 136—137° (weight 
36 g.). This method of purification depends on the fact that the 
small proportion of meso-diamine does not form a crystailisable 
Alternatively the dZ-base may be purified by repeated 
^pstaffisation of its sulphate. This diamine, liberated by a mm onia 
its nitrate, was extracted with benzene, dissolved in alcohol. 
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and treated with the calculated amount of 30% sulphuric acid. 
The sulphate which separated was crystallised repeatedly from 
alcohol until a constant melting point—182°—was attained (Found : 
S, 94. C I6 H 20 N 2 ,H 2 SO 4 requires S, 9-5%). 

meso -Diphenyl-$y-diamino-n-butane (II).—The meso-diamine, 
formed only in small amount by the condensation of py-dibromo- 
w-butane and aniline; is present together with dZ-isomeride in the 
mother-liquors from the nitrate and picrate of the latter base. 
It was set free in the solutions by ammonia and extracted with 
benzene. The crude diamines obtained after concentrating the 
benzene extract weighed 21 g. and were converted into sulphate 
with 30% sulphuric acid, when the crystalline product obtained 
was dZ-diamine sulphate. The filtrate was cooled and treated 
with dilute aqueous sodium nitrite; the viscid, brownish-yellow 
rdtrosoamine was removed with ether and crystallised from 
petroleum (b. p. 80—100°) until it separated in pale yellow, arbores¬ 
cent growths of the purified meso-butylene-py-diphenyldinitroso- 
amine, m. p. 125°. A small amount of uncrystallisable oily residue 
was left consisting of the mixed dl- and meso-dinitrosoamines. 

The dinitrosoamine was reduced with tin and hydrochloric 
acid in hot alcoholic solution, and the solution containing the 
stannichloride of the diamine was rendered alkaline with sodium 
hydroxide until the tin hydroxides redissolved. The oily diamine 
was extracted with benzene (yield 37%) and converted into its 
sulphate, which crystallised from alcohol and melted at 206°. 
This sulphate was not only less fusible but also less soluble in 
alcohol than the sulphate of the cZZ-diamine. The latter property 
was utilised in an alternative separation., Sulphate mother-liquors 
rich in meso-diamine were rendered alkaline with ammonia, extracted 
with benzene, the base converted into sulphate, and this salt 
crystallised repeatedly from alcohol until it melted at 206° (Found: 
S, 9*5, O 16 Hg 0 N 2 ,E^SC^ requires S, 9*5%). 

Azo-dyes from Diphenyl-fiy-diamino-n-butane. 
dH-DiA'-sulphobenzenedisA-azodiphenyl- $y-diamino-n-butane (III). 
—cZZ-Diphenyl-(Sy-diamino-^-butane (3-5 g. ; 1 mol.), dissolved in 
3*5 c.c. of concentrated hydrochloric acid and 10 c.c. of water, 
was added gradually to a solution of benzene-^-diazoniumsulphonate 
prepared from 5 g. of sulpha n ilic acid (2 mols.); a dark red disazo- 
dye separated (8 g. or 91%). This product dissolved readily in 
alcohol or glacial acetic acid, but was less soluble in acetone and 
insoluble in other organic solvents or water; it was dissolved in 
the minimum amount of dilute ammonia and reprecipitated by 
acid as a dark red, amorphous powder with bronzy reflex. The 
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dye developed intensely red colorations with concentrated mineral 
acids, had no definite melting* point, but decomposed at 194°. 

The potassium salt, obtained as a viscid solid by concentrating 
the solution of the dye in aqueous potassium carbonate, crystallised 
in an anhydrous form from dilute alcohol in small, orange needles 
(Found: K, 11*5; S, 9*3; azo-N 2 by titanous chloride, 8*1. 

requires K, 11-4; S, 9-35; azo-N 2 , 8*2%). 

Dyeing Properties of the Racemoid Colouring Matter .—In the 
presence of sodium sulphate and sulphuric acid the dye liberated 
from its potassium salt in dilute solution dyed wool in deep orange 
shades, the colour being stripped by ammonia or strong soap solution. 

Silk was dyed in boiled-off liquor and developed in a 1% sulphuric 
acid bath, giving golden-yellow shades. The partially exhausted 
solutions were examined in the polarimeter, a 12-volt, 24-watt 
Siemens lamp being used as a source of light (the wave-length 
being 6708 A.), No activity was developed in the dye-bath whether 
the solvent employed was water, dilute alcohol, or 30% acetic acid, 
the strength of the dye-bath being approximately 0-75%. 

In their successful attempt to show selective action of wool on 
a racemoid dye Porter and Ihrig (loc. cit.) used glacial acetic acid 
as solvent. The dye was employed in 1% solution, the quantity 
was 40% of the weight of wool, and the dyeing was carried out at 
20° for 48 hours. A similar experiment was made taking 1 g. of 
dye in 75 c.c. of 30% acetic acid; 2*5 g. of wool were dyed at 20° 
for 24 hours. No activity was noticed at first, but after 72 hours 
a slight Isevorotation was observed. Experiments with wool and 
silk using alcohol and dilute sulphuric acid as solvent for the dye 
showed no activity. These experiments on the racemoid dye did 
not furnish decisive evidence of preferential dyeing with either 
enantiomorph. 

Resolution of dl-^'-SuIphobenzeiiedisA-azodipheiiyl-fiy-diamino-n- 
butane.—Brucine salt. Brucine acetate (2*65 g. or 2 mols.) in 
20 c.c. of water was added to 2 g. of the potassium salt of the dye 
in 50 c.c. of water. The dibrucine salt of the dye separated as a 
brownish-yellow precipitate (decomposition point 189°); it was 
moderately soluble in chloroform, but insoluble in other organic 
media or water. From chloroform alone and from this solvent 
mixed with light petroleum the brucine salt separated in shellac¬ 
like or viscid forms, but not in a crystalline condition (Found : 
aao-Ng by titanous chloride, 4-0. C 28 H 28 0 8 N„S 2 ,20231^80^2 
requires azo-Hg, 4-0%). The analysis showed that the substance 
was a dibruclne salt (2 mols- B + 1 mol. azo-compound). 

strychnine salt was prepared from strychnine hydrochloride 
and the potassium azo-dye salt as in the preceding preparation. 
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The bright yellow precipitate was readily soluble in chloroform, 
less soluble in alcohol or acetone, and insoluble in other organic 
media or water. When a dilute solution in absolute alcohol was 
allowed to evaporate very slowly, the strychnine salt separated 
in small needles, decomp. 179° (Found : azo-N 2 , 44; total N, 11*1, 
11*2. C 28 H 28 0 6 N 6 S 2 ,2C 21 H 22 0 2 N 2 requires azo-N 2 , 44; total N, 
11 * 0 %). 

The stryc hnin e salt was crystallised repeatedly from alcohol, 
the least soluble portions were examined polarimetricaily, and 
crystallisation was continued until the rotation was constant: 
!>]& = ~~ 308*3° for a 0*96% alcoholic solution (Z = 0*5). 

The salt having this specific rotation was warmed gently with 
aqueous potassium carbonate. The filtrate from strychnine was 
extracted repeatedly with chloroform to remove any of this base 
remaining in solution. The aqueous solution was allowed to 
evaporate, when the active potassium salt of the resolved dye 
separated slowly. A 0*99% solution gave — 1*02° (Z = 0*5) 
or [a] ir = — 206°, [Jf] l7 ° = — 1409°. The Z-potassium salt, like 
its dZ-isomeride, was anhydrous (Found: total N, 12*5; azo-N 2 , 
8*15,8*2; K, 11*5. C 2S H 26 0 6 N 6 S 2 K 2 requires total 1ST, 12*3; azo-N 2 , 
8*1; K, 114%). 

The mother-liquors from the laevorotatory strychnine salt were 
examined for the eZ-salt, but the more soluble fractions were viscid 
and on decomposition with potassium carbonate did pot yield 
any dextrorotatory potassium salt. 

Cinchonidine salts. The two stereoisomeric potassium salts were 
ultimately obtained through the cinchonidine salts. A solution 
of 2 g. (2 mols.) of cinchonidine hydrochloride in 20 c.c. of water 
was added to 2 g. of cZZ-potassium salt in 50 c.c. of water, when 
a yellow precipitate of the cinchonidine salt was obtained almost 
quantitatively (Found: total JST, 11*9, 11*8; azoJST 2 , 4*6, 4*7. 
^28^-28^6^6® 2 ,2C 19 H 22 ON 2 requires total N, 11*7; azo-N 2 , 4*7%). 

The cinchonidine salt decomposing at 176° was moderately 
soluble in chloroform or alcohol, slightly soluble in benzene, but 
insoluble in other organic solvents and in water. By slow evapor¬ 
ation of a dilute alcoholic solution the cinchonidine salt was obtained 
in small needles and this crystallisation was repeated until the 
rotation was constant. A 0*97% solution gave oc^ — 1*32° 
(Z - 0*5) or [affi, = - 272°. 

This less soluble salt was decomposed by warming with aqueous 
potassium carbonate. The filtrate from cinchonidine was extracted 
repeatedly with chloroform to remove any traces of the alkaloid 
remaining in solution. The kevorotatory potassium salt (0*99% 
solution) gave a - 0*87°, [a]** - 176*1°, [M] m ‘ = -1204° 
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(Found: total N, 12*4; azo-lsr 2J 8*1, 8*15. G 28 H 26 0 6 N 6 S 2 K 2 requires 

total N, 12*3; azo-N 2 , 8*2%). 

The dextrorotatory potassium salt . The cinchonidine salt of the 
dextrorotatory acid was isolated by concentrating the mother- 
liquor from the foregoing less soluble cinchonidine salt. The more 
soluble portions were crystallised repeatedly from alcohol until 
the rotation was constant; a 0*99% solution gave a —0*29°; 
[af r = - 58*4°. 

The cinchonidine was then set free by aqueous potassium carbon¬ 
ate and the last traces were removed by chloroform. The aqueous 
solution slowly deposited the dextrorotatory potassium salt; a 
0*977% solution gave a+ 0*82°; [a] ls ° = + 167*8°, [M] 1 *' = 
+ 1147*8° (Found: K, 11*5; azo-l^, 8*1- C 28 H 26 0 6 N 6 S 2 K 2 requires 
K, 11*4; azo-N 2 , 8*2%). 

The laevo- and dextro-rotatory potassium salts as obtained by 
the resolution with cinchonidine are in agreement with regard to 
optical activity, whereas the Isevo-salt obtained through the strych¬ 
nine resolution is more active. These differences, although not 
entirely explained, are not due to contamination with alkaloids, 
for these were recovered quantitatively. The resolution was 
probably more complete in one case than the other. 

In the course of the attempts to isolate the dextro-form of the 
dye the following alkaloidal salts were prepared: Morphine salt, 
brownish-yellow precipitate insoluble in water or organic media, 
charring at 184°; codeine salt, a viscid, brownish-yellow mass 
more soluble in water than the other alkaloidal salts; cinchonine 
salt, brownish-yellow, amorphous powder fairly soluble in alcohol 
or chloroform, less so in acetone, but practically insoluble in other 
media or water; decomposed at 192°. 

meso-Di-4' -sulphobenzeneA-disazodiphenyl- 3y ~ d iamino -n-b uiane . — 
This substance was prepared in order to complete the series dl , 
d, l, and meso of the stereoisomeric azo-acids by adding 0*9 g. 
(1 mol.) of m&go-diphenyl- fty-diam in o-re-butane dissolved in 1 c.c. 
of concentrated hydrochloric acid and 5 c.c. of water to a solution 
of benzene-p-diazoniumsulphonate from 1*3 g. (2 mols.) of sulph- 
anilic acid- The dark red meso-azo-dye was precipitated (yield 
87%). It was slightly soluble in alcohol or glacial acetic acid 
and almost insoluble in other organic media or water. It was 
purified through the potassium salt (Found: K, 11*5; S,* 9*3. 
C^gH^OsNsSjjKg requires K, 11*4; S, 9*35%). 

This meao-azo-acid and its salts are more stable and less soluble 
than the corresponding externally compensated compounds. The 
codeine salt of the meso- acid is very insoluble, thus differing from 
the codeine salt of the dl-acid. - 
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Rates of Absorption by Wool of the Stereoisomeric Azo-dyes (dl-, 
d1-, and meso-forms).—The experiments with the four stereo- 
isomerides were arranged to run concurrently, the dyeings being 
carried out in a thermostat at 20°. At intervals of 3, 24, 48, 72, 
and 96 hours, 5 c.c. of solution were removed and the amount of 
azo-dye was estimated by titration, with dilute titanous chloride. 
The solutions of the dyes were made in 50% acetic acid. 


I. Raeemoid form : 2*4642 g. of wool in 100 c.c. of solution with 0*4576 g. 
of dye. 

II. Dextro-ioTTa. : 2*4886 g. of wool in 101 c.c. of solution with 0*4621 g. 
of dye. 

III. Lcevo-iovm : 2*4691 g. of wool in 100*2 c.c. of solution with 0*4555 g. 

of dye. 

IV. Meso-iorm : 2*5007 g. of wool in 101*5 c.c. of solution with 0*4644 g. 

of dye. 


Amount (g.) in 5 c.c. of solution. 


Time 

s 



- s 

(horns). 

I. 

II. 

III. 

IV. 

0 

0*02288 

0*02288 

0*02288 

0*02288 

3 

0*02276 

0*02265 

0*02278 

0*02277 

24 

0*02153 

0*02144 

0*02164 

0*02205 

48 

0*02024 

0*02016 

0*02033 

0*02138 

72 

0*01923 

0*01909 

0*01933 

0*02081 

96 

0*01887 

0*01866 

0*01896 

0*02047 


These tabulated data show that the dextrorotatory isomeride 
is absorbed by wool at a consistently though only slightly faster 
rate than the raeemoid form and that the laevorotatory form is 
absorbed less rapidly than either the dl * or £2-form, which result 
is in agreement with the polarimetric indications obtained (p. 1736) 
in the experiments on the selective action of wool on the raee¬ 
moid azo-dye. A slight development of lasvorotatory activity was 
detected in the dye-bath. 

The meso-form is absorbed less readily than any of its tliree 
isomerides. 

The differences in the rates of absorption of the d - and Z-forms 
show that selective absorption from a raeemoid mixture is quite 
feasible, but in the case of the sulphonated dyes examined in the 
preceding experiments the differences were not sufficiently large 
to admit of direct measurements of optical activity. Hence further 
experiments were made with less acidic carboxylated azo-dyes. 
^ixeim-^-OarboxybenzemA-azodiphenyl-^y-diamiTio-n-bv^m (VI). 

—An ice-cold solution of benzene-1 -diazonium-2-carboxylate, pre¬ 
pared from 5 g. of anthranilic acid (1 mol.), 3-5 c.c. of concentrated 
hydrochloric acid and 2-5 g. of sodium nitrite in 60 c.c. of water, 
was added to 4*25 g. (1 mol.) of dZ-diphenyl-py-diamino-^-butane 
dissolved in 15 c.c. of water containing 2 c.c. of glacial acetic acid 
and 2*5 g. of sodium acetate, when a dark red dye was precipitated. 
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After 3 hours the coupling was completed by warming on the 
water-bath. The dye was then collected and washed with ether 
to remove salicylic acid formed by hydrolysis of the diazonium 
salt (yield 78%). 

Crystallised from 50% acetic acid, the red azo-dye separated in 
small, dark red needles, decomp. 113°. It was readily soluble in 
glacial acetic acid, less soluble in methyl and ethyl alcohols, and 
sparingly soluble in water. It exhibited amphoteric properties, 
being soluble either in mineral acids or in aqueous ammonia. The 
atter solution was used in purifying the dye, for on concentration 
the ammonium salt crystallised. The free acid was subsequently 
crystallised from glacial acetic acid (Found : total N, 14*6; azo-N 2 , 
7*1, 7*15. CogH^Og^ requires total N, 14*4; azo-N 2 , 7*2%). 
These analyses show that the compound is a monoazo-dye, only 
one diazo-group being coupled with the diamine. 

The monoazo-colouring matter dyed wool in brownish-red shades 
and silk in dark salmon shades. Experiments were made with 
this racemoid monoazo-dye with varying conditions as to solvent, 
time of contact, and concentration of solution as with the racemoid 
sulphonated disazo-dye, but in no case was there any indication 
of optical activity. 

Resolution of the Racemoid Carboxylated Dye .—The strychnine 
salt was obtained as a red precipitate on adding 1-8 g. of strychnine 
hydrochloride (1 mol.) in 25 c.c. of water to 2 g. (1 mol.) of the 
ammonium salt of ^Z-tm?^-2'-carboxybenzene-4-azodiphenyl-Py- 
diamino-n-butane dissolved in 50 c.c. of water. This salt dis¬ 
solved readily in alcohol or chloroform, more sparingly in acetone, 
but was practically insoluble in other organic solvents and in 
water. From its alcoholic solution the salt separated on slow 
evaporation in small needles, decomp. 121° (Found: total N, 
11-8; azo-N 2 , 3*8. C 2 8H 24 02N4,C2 1 H 2 2^2^2 requires total N, 11*6; 
azo-N 2 , 3*9%). 

Resolution was effected by repeated crystallisation in absolute 
alcohol until a constant value was obtained for the optical activity; 
1% alcoholic solutions were employed with light of wave-length 
67081. A 1*02% solution gave a — 0*41° (l = 0*5); [oc] 19 ° = 
— 80*5°. This strychnine salt was decomposed by warming gently 
with the calculated amount of ammonium carbonate in aqueous 
solution. The strych n ine was precipitated, and the solution ex¬ 
tracted repeatedly with chloroform to remove traces of the alkaloid. 
The filtrate was concentrated in a vacuum at the ordinary tem¬ 
perature until the ammonium salt crystallised. Approximately 
1% aqueous solutions of this ammonium salt were examined polari- 
metiicaJly. A 1*10% solution gave a — 0-24°; [a] 16 * = — 43*7°, 
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whence [if] 16 ’ = — 169-6° (Found: azo-N 2 , 6*8. 
requires a.zo-jNT 2 , 6*9%). 

Attempts were now made to isolate the dextro- form of the azo¬ 
compound from the more soluble mother-liquors from the Z-strych- 
nine salt, but it was found impossible to obtain an even slightly 
dextrorotatory ammonium salt. Other alkaloids such as brucine, 
morphine, codeine, cinchonine and cinchonidine did not assist in 
bringing about this resolution. 

<&-cis-2'-Carboxybenzene-4:-azodiphenyl- $y-diamino-n-butane (V).— 
Anthranilic acid was diazotised and coupled with meao-diphenyl- 
Py-diamino-w-butane, when, owing to the circumstance that the 
diazonium carboxylate coupled with the diamine in molecular 
proportions, the resulting monoazo-derivative was no longer a 
meso-c ompound having internal compensation, but was capable 
of resolution. 

The red dye metallised from 50% acetic acid in small, red 
needles, decomp, 116°; its solubility and dyeing properties are 
similar to those of the corresponding dl-tram-comjpoxmd (Found: 
azo-N a , 7-15. requires azo-N 2 , 7-2%). 

Rates of Absorption by Wool of the Stereoisomeric Carboxylaied 
Azo-dyes .—The experiments were carried out precisely as de¬ 
scribed on pp. 1732, 1739, excepting that the solutions were made 
up with 30% acetic acid. 

I* dZ-Znms-Form : 5*0116 g. of wool in 200 c.c. of solution with 1-2768 g. 
of dye. 

II. l-trans-Form : 5*1334 g. of wool in 205 c.c. of solution with 1*3074 g. 
of dye. 

III. dZ-ce>-Form : 5*0521 g. of wool in 201*6 c.c. of solution with 1*2870 g. 


Time 

(hours). 

Amount (g.) in 6 c.c, of solution. 

I. 

II. 

III. 

0 

0*03192 

0*03192 

0-03192 

3 

0*03148 

0*03151 

0-03150 

24 

0*02802 

0-02929 

0*02849 

46 

0*02503 

0*02685 

0-02546 

72 

0-02359 

0*02454 

0*02377 

98 

0-02282 

0*02337 

0*02298 

120 

0*02253 

0*02283 

0*02263 


The foregoing data showed that the cis- and trans-dl-iorms were 
absorbed at practically the same rate and that the active lasvo- 
form was absorbed less rapidly than the corresponding racemoid 
form, the difference in these rates of absorption being rather greater 
than in the case of the sulphonated azo-dyes. 

Note on the Svlphonation of dl-Diphenyl-$y-diamino-n-butane . 

Treatment of this diamine with oleum (up to 20% S0 3 ) led to 
hydrolytic decomposition, so that the sulphonated product was 
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sulphanilic acid. Chlorosulphonic acid also gave rise to com¬ 
plicated reactions and the formation of complex sulphonated 
sulphones. By neither treatment was a simple sulphonated pro¬ 
duct of the base obtained, so that the attempt to resolve this 
dZ-diamine through its sulphonic acid was abandoned. 

The authors desire to express their thanks to the Research 
Committee of the University of Birmingham and to the Advisory 
Council of the Department of Scientific and Industrial Research 
for grants which have helped to defray the expense of this 
investigation. 

University op Birmingham, 

Edgbaston. [Received, June 10 th, 1925.] 


CCXXXI .—Theories of Polar and Non-polar Free 
Affinities. A Practical and Theoretical Reply to 
some Recent Criticisms and Comparisons. 

By George Normal Burkeardt and Arthur Lapworth. 

In a paper by G. EL. Ingold (J., 1924,125, 93) the following sentences 
occur: 

C{ The establishment of this formula provides an interesting test 
of the hypothesis by means of which so many obscure points in 
chemistry are nowadays c explained.’ In nitrosobenzene oxygen is 
the * key-atom ’(Lapworth, T., 1922, 121, 416), and the compound 

may be represented as C 6 H 5 —N=0.” 

The sentences are misleading in several ways. As only one 
reference to the literature is given, it is necessary to point out (1) 
that Lapworth had never discussed the case of nitrosobenzene and 
(2) that the phrasing of the second sentence shows that Lapworth’s 
conception of key-atoms is misunderstood. Ingold here, as else¬ 
where (this voL, p. 514), confuses the conception with the earlier 
one of Elurseheim. Both theories attribute to bivalent oxygen, 
for example, a special capacity to affect the properties of the rest of 
the molecule; Flurscheim’s theory, however, postulates a fixed 
configuration for each compound, and Lapworth’s (like that of 
Kennack and Robinson) does not. 

The assumption that all “ polarity theories ” conform to the same 
regulations as Flurscheim’s is the origin of a number of misdirected 
criticisms. When the inaptness of this line of attack is realised, 
the critics substitute the objection that those theories are so flexible 
as to have no prophetic power in potential test cases (compare C. K. 
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and E. H. Ingold, this vol., p. 871). This peculiarity merely shows, 
however, that the cases thought of are not test cases at all. Some 
real test cases are mentioned later in the present paper. 

The doctrine that theories such as those of Thiele and Flurscheim 
are not so flexible in their application as polarity theories is widely 
preached, and in view of its reappearance in the paper last men¬ 
tioned it becomes necessary to prove that it is a fallacious one, in 
fairness to the theories disparaged. 

The theories of fixed non-polar free affinities * certainly give 
unequivocal and correct correspondence with fact, but only within 
certain limited ranges. Outside those ranges they show on the same 
basis an unequivocal disagreement with fact. Thiele’s form 
“ explains ” the ordinary additive reactions of carbonyl correctly, 
but on the same principle foretells ^-substitution in benzaldehyde. 
Flurscheim 5 e form explains m-substitution in benzaldehyde, but 
signally fails to explain the additive properties of carbonyl com¬ 
pounds. Flurscheim explains meta-substitution in benzalde¬ 
hyde by assuming that the agent first attacks the meta-carbon 
atom; but he explains cyanohydrin formation by assuming that 
the agent first attacks the oxygen atom (Chem. and Ind ., 1925, 44, 
172). 

Another excellent example of this is found in the explanation 
offered for the addition of potassium carbazole to nitrobenzene, 
where the potassium attaches itself to an oxygen atom and the 
carbazole residue to the para-carbon atom {ibid., 173): or, looking 
at it in a slightly different way, Flurscheim here throws over his own 
formula and adopts Thiele’s, its exact opposite. In these systems, 
therefore, there are nearly always two such possibilities and to 
quote Flurscheim’s words in a similar connexion, tc whichever way 
the experiment goes, one of these alternatives is bound to fit and 
whichever fits is adopted from case to case” {ibid., 1925, 44, 84). 
Such a process of reasoning is, of course, appropriate for the theory 
which deduces configuration from observed facts, but is not 
admissible for one which claims to predict facts from a priori 
considerations.^ 

The claim that no arbitrary factor enters into the so-called 

* The description of an hypothesis or a theory such as that of Flurscheim 
as on©' of <e alternating affinity demand ” cannot be used to distinguish it 
from theories of Kermack and Robinson or Lap worth which also postulate 
alternating affinity demands. It is necessary, therefore, to protest em¬ 
phatically against the terminology adopted in the above paper of Ingold 
and Ingoid {loo. cit. 9 p. 870) as likely to spread the perplexity to which one 
of these authors has frankly confessed (this vol., p. 514, footnote). No 
question* of priority can be admitted as sufficient reason for an implied 
distinction which does not exist. 
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predictions of the non-polar theories is therefore one which cannot 
be taken seriously. No similar claim has ever been made by any 
responsible exponent of the polarity theories which Ingold discusses. 
Polarity theories are acknowledged to be in a state of evolution and 
at present function properly as aids to interpretation, not as 
substitutes for intellectual effort. 

Polarity considerations solve some of the difficulties inseparable 
from the theories of Thiele and Plurseheim and in a very simple 
and logical way, because, with a polar agent which has consistent 
polar selectivity, it is evident that no matter what may be the 
dominant distribution of affinity in a molecule attacked by that 
agent, the free affinity will not be effective but rather inhibitive 
if it is associated with an electrical charge of the wrong sign. Thus, 
the dominant phases of benzaldehyde, so far as activation of the 
nucleus by the oxygen is concerned, are probably those correspond¬ 
ing with conjugated forms of the Thiele type (I). 

CH~0- HC=0 

i/H 

|f /Ns ) < CN (IL) 

This corresponds with Robinson’s “ erotonoid ” forms ( Chem . 
and Ind., 1925,44,456) and the polarities of the excess free affinities 
in the o- and p-earbon atoms are mainly positive, as the relation 
of these positions to the predominating key-atom in the conjugated 
system shows. The ordinary types of substitution in benzene, such 
as nitration, sulphonation, bromination, and diazonium coupling 
require a negative free affinity at the carbon atom at which substi¬ 
tution of hydrogen takes place. Consequently with benzaldehyde, 
phases of the above type are almost or quite inert towards such 
agents, substitution is very slow and perhaps takes place only 
in other phases of rare occurrence in the reacting system. 

The circumstance that benzaldehyde is not known to pick up 
negative ions like cyanidion at the o - and p-positions in the nucleus, 
although it does so readily at the carbonyl carbon atom, is not in 
the least incompatible with the above view. The addition reactions 
of a^-unsaturated carbonyl compounds with electrolytes are 
reversible, and in view of this, as well as the known tendency of 
dffiydio-derivatives to revert to benzenoid types, it is practically 
certain that “the expected addition product (II) is a compound which 
would not exist in any considerable proportion in equilibrium with 
baazaldehyde and hydrogen cyanide. By introducing any other 
conditions which would permit the initial addition compo un d with 
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hydrogen cyanide to revert to an aromatic type in a different way, 
evidence might be obtained of the formation of that compound; 
such a condition would possibly be provided in o-bromobenzaldehyde, 
as the addition product here could react as follows if cis4rans change 
occurs before reversion: 


H—C—0 

IxH 

/\ ON 

II l <Br 


H—C—0. 

I/H 

/\<f Br 

ii rcN 


H—0=0 


+ HBr 


This case would be exactly comparable with the ready replacement 
of halogen by hydroxyl in the o- and p-chloronitrobenzenes, which 
is claimed, not as a prediction from polar theories, but only as part 
of the evidence in favour of them. 

Not less important and obviously very intimately connected with 
the known reversibility of the negative ion additions to a£J-unsatur- 
ated compounds, is the circumstance that tervalent carbon appears 
to tolerate a positive charge much more readily than it does a 
® 

negative charge, and CH 3 has frequently been detected by Sir J. J. 

© 

Thomson in vacuum-tubes but CH 3 never. Other things being 
equal, therefore, positive free valencies on aromatic carbon and on 
ethylenic carbon appear inert in comparison with negative free 
valencies. 

In the case of phenol ethers, dialkylanilines and many others, 
the dominant conjugated forms or phases also have their excess free 
affinities in the o- and ^-positions. Their structures, apart from 
polarities, correspond with Flurscheim’s idea (III), 




X*C—CYH 



(IV.) 


but here the excess free af fin ities on the carbon atoms in the nucleus 
are negative; hence ordinary substitution compared with substitution 
in benzene is very rapid, and certain active positive ions (e.g., 
diazonium ions) can attach themselves to the active o- and p-carbon 
atoms, but never negative ions. Form (III) also corresponds with 
Robinson’s “crotenoid” forms (loc. tit.). If the two exterior 
atoms in (I) are singly bound to each other, conjugation can take 
place only to that very limited extent which corresponds with the 
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relatively feeble transmission of alternate polarities through two 
single bonds. 

The third type of conjugation, present in styrene, leads, in the 
ring, to excess valencies, in the o-p-positions (IV); this obviously 
facilitates substitution in the nucleus when the excess free affinities 
in the nucleus are the negative ends of the conjugated systems and 
o-2?-substitution therefore results. In phases where these affinities 
represent the 'positive ends, substitution takes place at the carbon 
atom once removed from the nucleus, where the negative free affinity 
is now found, so that, in competition with a group like carbonyl 

(and a fortiori with a group of the type —C—OR), which, by conju¬ 
gation, normally produces only phases with inhibited reactivity 
towards ordinary substituting agents, the group CX—CYH will 
normally appear by far the more effective. a-Methoxystyrene 
provides an instance of such competition within the same side-groups. 

The present position is therefore this. Supporters of polar 
theories accept the general ideas of conjugation and of alternate 
affinity demand, but do not admit that there is any real distinction 
between these two conceptions. They hold, however, that these 
ideas have often been wrongly applied, and have little real predic¬ 
ative power until polar considerations are introduced. ‘ It is equally 
true that the principle of induced alternate polarities is likely to be 
barren until considered simultaneously with conjugation and other 
factors; but this was pointed out in Lapworttis original paper (Mem, 
Manchester Phil • Soc., 1920, 64, ii, 10, last par.) which, it would 
seem, is rarely consulted. 

In the original paper (i lot. cit p. 6), where the general idea of 
“ key-atoms 53 was broadly indicated, the molecule of formic acid 
was selected to illustrate that idea. It was explained that in 
considering different properties of formic acid sometimes oxygen and 
sometimes hydrogen was considered to be the “key-atom.” The 
“key-atom ” in fact, as imagined by Lap worth, is not always the 
same in the same compound, but is any atom to the alternate 
inductive effect of which certain properties of the molecule are due. 
On this conception, the effects of two 4 6 key-atoms ” may be super¬ 
imposed—perhaps are always so to some extent—or may so operate 
that each in turn may determi n e the properties in different phases 
of the same molecule (tee. cit.). The expression “ the key-atom ” 
should be applied only to the atom which is considered respon¬ 
sible for a certain effect and not merely to the one which produces 
the most striking effects or even to one which has an effect on every 
property. A suggestion often heard that the introduction of the 
term “ key-atom ” merely corresponds with a christening of 
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Miirscheim’s fixed and also non-polarising atom is therefore but a 
quarter-truth. 

It is possible now to return with advantage to Ingold’s statement, 
given at the beginning of the present paper. 

As Ingold, with Weaver, has already pointed out (J., 1924, 125, 
1458), there are many close analogies between the addition reactions 
of the nitroso-group and those of carbonyl. In fact, it may be said 
that in such cases no evidence has ever been obtained that requires 

— + 

the introduction of the scheme C 6 H 5 —N=0. In reactions where the 
oxygen is not directly involved, Ingold’s remarks could not in any 
case apply. 

Ingold, however, in the paper first quoted, claimed to have 
proved that when nitrosobenzene combines with (a) methylene- 
anilines, compounds with four-membered rings are formed, the 
direction of addition being exactly the opposite of what the usual 
polarity ideas demand. In the later paper with Weaver ( loc . tit.) 
he made similar claims for the reactions of nitrosobenzene with 
(6) hydrocarbons like styrene and diphenylethylene, (c) with 
methylenemalonic ester respectively. 

Whilst his later experiments on nuclear substitution in nitroso¬ 
benzene and a-methoxystyrene (this vol., pp. 513, 870) introduce 
no new theoretical difficulties (having given exactly those results 
which were to be expected), his interpretations of those three types 
of reaction mentioned in the preceding paragraph are difficult to 
reconcile with the usual polar additive properties of the compounds. 
As these interpretations were apparently based on very slender 
experimental evidence, it was decided to re-examine these three 
highly interesting cases. The fallacy in case (c) has already 
been detected and may now be dealt with. 

Ingold and Weaver (J., 1924,125,1459) found that nitrosobenzene 
and *ethyl methylenemalonate combined to give a crystalline com¬ 
pound. They describe some of the properties of the compound in 
the following terms: "it gives no colour with ferric chloride, no 
copper salt, and is oxidised by alkaline permanganate only with 
difficulty.” The constitution ascribed to it^was (V) and the forma¬ 
tion of this compound was included among the cases in which “ the 
direction of the addition is contrary to the indications of the polar 
theory.” It was maintained that the polarity theory requires the 
formation of (VI). ■ 

(V.) cH ^-gco 2 Et) 2 

The present authors first prepared the product by the same method/ 
but observed that, although no crystalline copper derivatives could 
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be isolated, with, their specimens a strong maroon coloration was 
always produced when copper acetate was added to an alcoholic 
solution of the compound. 

The compound was a very sensitive one and was rapidly oxidised 
even in the cold by alcoholic ferric chloride, the odour of nitroso- 
benzene becoming very perceptible in a minute or two; nitroso- 
benzene was easily isolated by diluting the resulting solution with 
water and extracting with ether. Although apparently stable to 
aqueous permanganate, doubtless owing to its sparing solubility in 
water, the compound was rapidly oxidised by permanganate in cold 
acetone. It was evident that the properties of the compound were 
not consistent with the ring formula previously ascribed to it. As 
Ingold and Weaver had furnished no direct evidence that the 
oxygen atom of the nitrosobenzene had taken any part in the act of 
union, the following experiment was tried : 

Ethyl hydroxymethylenemalonate (3 g.) is dissolved in 60% cold 
methyl alcohol (10 c.c.), [3-phenylhydroxylamine (2 g,) is added, 
when the solid dissolves at once. After 1 or 2 minutes, water is 
added in sufficient quantity to cause a turbidity. (In the first 
experiment no crystals were deposited until a trace of the solid, 
prepared by Ingold and Weaver’s method, was introduced, when the 
whole at once set to a sludge of needles which increased in quantity 
on further addition of water.) The product (3—3*5 g.) is filtered 
off, dried, and crystallised from dilute methyl alcohol. The com¬ 
pound so made forms slender needles, m. p. 98—99°, and is identical 
in all respects (including the intensity and duration of the coloration 
given in alcoholic solution with copper acetate) with the compound 
previously described as “ ethyl 2-phenyldimethylene-1 :2-oxaimlne- 
4 :4-dicarboxylate ” (Found : C, 60*0; H, 6*4. Calc., C, 60*2, 
H, 6*1%). 

The compound, then, is one of the possible dynamic isomerides 
of the IV-phenyloxime of the ester-aldehyde 0!CH*CH(C0 2 Et) 2 , 
of which ethyl hydroxymethylenemalonate, H0*CHIC(C0 2 Et) 2 , 
is the enolic form. The JV-phenyloxime of this aldehyde-ester 
would be 0IN(C 6 H 5 )ICH*CH(C0 2 Et) 2 or, in modernised form, 
0 0 

0*K‘(C 6 H 6 )ICH<3H(C0 2 Et) 2 . The dynamic isomeride of this corre¬ 
sponding with ethyl hydroxymethylenemalonate is of course 
H 0 -N(CgH 5 )*CHIC(C 02 Et) 2 and it is scarcely possible to state with 
certainty to which of these formulae the solid itself corresponds. 
The behaviour of the compound in alcoholic solution with copper 
acetate, however, recalls that of the monoalkylated acetoaeetic esters, 
which also give evidence of the formation of dissociable copper 
derivatives in similar circumstances. It is as likely as not, therefore. 
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the non-hydroxylic form, or dicar bethoxymethyl-'N-phenylnitr one, 
corresponds with the solid and with the one which preponderates 
in solution. Reference may be made to the work of Alessandri 
(Gazzetta, 1924, 54, 426) and others on the formation of I^-phenyl- 
nitrones from nitrosobenzene and ethylenic compounds. 

On the polarity theory, the first step in the process of union of 
the ethylenic portion of ethyl methylenemalonate with nitroso- 
benzene must be the union of the tervalent nitrogen of the nitroso- 
group with the [3-carbon atom 6f the ester. This carbon atom has 
a very marked and quite consistent latent or real positive polar 
character and the first addition process corresponds with ammonium 
ion formation: 

CH 2 =C(C0 2 Et) 2 . CH 2 -[C(C0 2 Et) 2 ] (VU) 

o=n-c 6 h 6 o==n*c 6 h 5 

© 

This initial product (VII) is a bipolar ion (to adopt Lowry's 
convenient nomenclature), or internal ammonium salt; the signs 
shown in circles are electrical charges, the positive charge being 
associated with the ammonium residue; the negative charge is 
here associated with a residue comparable in every way with the 
negatively charged organic residue of ethyl so^'omalonate. 

Stabilisation and internal neutralisation of this initial product 
subsequently occur by £C migration 55 of proton, or exchange of 
proton with the surrounding molecules in one or more of several 
possible ways. 

The above conclusions are wholly consistent with our knowledge 
of nitrones, with Lapworth's explanation of the polar additive 
reactions of a(3-unsaturated carbonyl compounds (J., 1904,85,1212), 
and with Robinson's interpretation of the polar reactions of nitroso¬ 
benzene ( Ghem . and Ind., 1925, 44,456). The formation of addition 
products of ammonia, and primary and secondary amines, with 
ap-unsaturated carbonyl compounds, nitriles, etc., can evidently 
be explained on very similar lines, stabilisation and internal 
neutralisation of the bipolar ions in such cases also taking place by 
a proton migration or interchange, but in a slightly different mode. 

It will be instructive for those who have not previously followed 
the various non-polar theories to their logical conclusions to observe 
that the p-carbon atom of ethyl methylenemalonate is the one which 
takes part in the actual union of the molecule of this compound with 
nitrosobenzene. Now Miirscheim's theory of “ orientation" in 
the aromatic series postulates that the meta-orienting effect of 
the group of compounds which includes carbethbxyl depends on the 
assumption that these groups make a smaller affinity demand than 
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hydrogen, and this results in the development of an excess of free 
affinity at the meta-carbon atom in the ring, so that the agent 
attacks the meta-carbon atom preferentially. Applying this 
argument to ethyl methylenemalonate, it is obvious that replace¬ 
ment of two hydrogens uns y mm etrically in the symmetrical 
ethylene (VUE) by carbethoxyl must lead to the affini ty distri¬ 
bution represented by (IX): or, expressed in words, the a-carbon 

(VIII.) CH^CH, CH 2 =C<£5^|{: (IX.) 

atom must have now a greater amount of unbound affinity than the 
p-carbon atom and therefore the a-carbon atom should be the one 
at which union with nitrosobenzene takes place: a prediction 
which fails. 

It is not a little remarkable, therefore, that a reaction originally 
considered to be evidence against the polarity theory provides, when 
more closely examined, the most elegant known demonstration 
of the incorrectness of the Wemer-Flurscheim theory. Hitherto 
the most complete disproof would have involved a lengthy mathe¬ 
matical demonstration that it is impossible to construct mass-law 
equations which shall be capable of explaining the kinetics of the 
addition of the elements of hydrogen cyanide to cyanoacrylic acids* 
where the nitrile group corresponds with the carbethoxyl groups 
(which correspond closely with ethyl methylenemalonate in struc¬ 
ture), on any other hypothesis than that the first step in the addition 
process involves the union of the p-carbon atom with cyanidiort 
(W. J. Jones, J., 1914, 105, 1547, 1560. Compare also Lapworth, 
J., 1903, 83, 995; 1904, 85, 1208). 

All these facts, together with what is known of the conditions of 
formation and decomposition of the cyanohydrins of simple alde¬ 
hydes and ketones, show that the revival of the Wemer-Flurscheim 
hypothesis can only have the effect of diverting attention from 
important issues which have not yet been decided. 

Lapworth stated in 1920 that bivalent oxygen is usually morn 
effective than tervalent nitrogen, but the statement had reference 
to statistical aspects only. Enough is known to show that the 
dominance of either atom depends on many varying circumstances 
and the question whether these more frequently favour bivalent 
oxygen than tervalent nitrogen is not worth debating. 

Note added July 12th, 1925.—Compare, on ibis point, Ghem. md 
1925, 44, 713, 

Tse Hnivebsttv, Manchester. [Received, May l%th, 1925.] 
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CCXXXII.— The Estimation of Arsenic in Organic 

Compounds. 

By George Newbery. 

The most accurate and trustworthy method for the estimation of 
arsenic in organic arsenical compounds is undoubtedly that in 
which the arsenic is oxidised by the Carius method to arsenic acid 
and subsequently weighed as magnesium pyroarsenate. The 
methods in general use which have been devised in the endeavour 
to combine the accuracy of this procedure with greater simplicity 
and rapidity are those of Lehmann (Apoth. Ztg ., 1912, 27, 545) 
and the modifications suggested by Fargher (J., 1919, 115, 992) 
and Myers and Dumez (U.S. Public Health jR ep., 1918, 33, 1003), 
that of Ewins (J., 1916, 109, 1355) and of Robertson (J, Amer . 
Chem. Soc 1921,43,182). The first of these involves a volumetric 
determination of doubtful accuracy (compare criticism by Gooch and 
Morris, Amer . J. Sci ., 1900, 10, 151 and many others); the other 
two are somewhat tedious in the procedure proposed for the 
decomposition of the arsenical, and the high temperatures involved 
render possible some slight loss of arsenic by volatilisation (Myers 
and Dumez, loc. cit,). 

The use of ammonium persulphate (in conjunction with nitric 
acid) for this decomposition has been suggested by Rogers (Can, 
Chem, J. y 1920, 3, 398) and that of persulphate alone has long been 
employed in these laboratories. The following process involves 
this method of oxidation. With the majority of substances to 
which the method has been applied a determination in duplicate 
can be completed in the course of an hour : with a few, the boiling 
down with persulphate has to be prolonged and even repeated with 
a larger quantity, in order that a colourless solution may be obtained. 
The decomposition in the case of insoluble substances of acid 
character is facilitated by solution in caustic alkali before the 
addition of persulphate, the acid being thus thrown out in. a finely 
divided condition. The details are as follows :— 

A mixture of the substance (0-2 g.), 20 c.c. of water, and 4—5 g. of 
ammonium persulphate is heated to brisk ebullition in a 300 c.c* 
Erlenmeyer flask, provided with a device to prevent loss by spraying. 
When the mixture is quite colourless (usually less than 10 minutes 
is required), 40 c.c. of ^-oxalic acid are added and the mixture is 
further heated for 2 minutes after the noticeable evolution of carbon 
dioxide has ceased. 2A r -JSulphuric acid (20 c.c.) and 10% potassium 
iodide solution (10 c.c.) are then added, together with a fragment of 
porous pot. The mixture is once more vigorously boiled until the 
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liberated iodine has been almost completely expelled and the 
solution is of a pale straw colour (about 15 minutes). This colour 
is discharged by the cautious addition of N /20-sodium thiosulphate, 
the mixture immediately diluted to about 100 c.c., 30 c.c. of 2 N- 
sodium carbonate are added, and the still acid solution is treated 
with a quantity of solid sodium bicarbonate about 1 g. in excess of 
that required to render it neutral to litmus. The mixture is warmed 
to 35—40° and titrated with iV/10-iodine in presence of starch 
solution until the blue colour is permanent. 

Appended is a list of some of the results obtained with arsenical 
products of various types. The figures themselves have not been 
specially selected and are in all cases duplicate determinations made 
on the same sample in the ordinary course of work. 


Substance analysed. As% found. As% calc. 

Cacodylic acid . 54-5, 54*4 54*3 

3-Amino-4-hydroxypbenylarsenious oxide hydro¬ 
chloride (lH a O) . 29-8, 29-8 29*6 

Phenylarsinic acid . 37-2, 37*3 37*1 

^-Tolylarsinic acid .. 34*8, 34*7 34*7 

p -Benzarsinic acid .. 30-6, 30*5 30*5 

p-Arsanilio acid . 34*5, 34*6 34*6 

3-Nitix^4-hydroxyphenylarsinic acid . 28*5, 28-7 28*5 

3-Amino-4-hydroxyphenyIarsinic acid .. 31*9, 32-0 32*2 

3-Acetylainmo-4-hydroxyphenylarsiiiic acid ...... 27*3, 27*4 27*3 

3-CarbNethoxyamino-4-hydroxyphenylarsinic acid 24*6, 24*8 24*6 

2 :2 / -Dihydroxydiphenylcarbamide-5 : S'-diarsinic 

acid..;...... 30*6, 30*4 30*5 

Sodium N -phenyiglycineamide-p-arsinate (an¬ 
hydrous tryparsamide) .. 25*5, 25*4 25*3 


As% found 
by Carius 
As% found. method. 

3 : 3 / -Diamino-4: 4'-dihydroxyarsenobenzene 

hydrochloride (salvarsan) ...... 30*0, 30*1 30*05 

Sodium 3 : 3'-diainino-4 : 4'-dihydroxyarsenobenz- 

ghq-N -methylenesulphoxylate (neo-salvarsan) 20*1, 20*2 20*1 

Brsearch Laboratory, Messrs. May and Baker, Ltd. 

Wandsworth, S.W. 18. [Received, May 20th, 1925.] 


NOTES. 

Lithium Are Spectrum for Polarimetric Use. By Percy Coblett 

Austin. 

By introducing lithium carbonate into the arc produced between 
carbon, copper, or silver electrodes and using a direct-vision speetro- 
scopie eyepiece of high dispersive power it is possible to read extinc¬ 
tions quite easily, not only for the red line at X = 6708 A. together 
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with the sodium line at X = 5893 A (Hunter, J., 1924, 125, 1401), 
but also for the orange line at X = 6104 A, the blue line at X = 
4602 A., and sometimes even the green line at X = 4972 A; but 
this is much weaker than the others and of comparatively small 
importance. The red line is very strong and persistent, whilst the 
blue line is a valuable addition to the list of lines in common use in 
measurements of optical rotatory dispersion, since it lies in the rather 
wide gap between the dark blue cadmium line at X = 4678 A. and the 
mercury line at X = 4359 A. Moreover, it is brighter and more 
easily read than the dark blue cadmium line, when this is produced 
in an open arc between electrodes of a cadmium-silver alloy. 

The red and blue lines of lithium are widely separated from each 
other and can be read with sufficient accuracy to enable them to 
serve as standards, which are independent of the usual mercury 
lines, in calculating the constants of Drude’s equation. The most 
satisfactory results were obtained with copper electrodes at right 
angles to each other. The top of the vertical (positive) pole is bound 
with thin copper wire to retain a small quantity of a paste of lithium 
carbonate and water, and a current of 4-5 amperes is used. The 
blue copper lines are too weak to interfere with the readings of the 
blue lithium line.— Westminster Training College, 130 Horse- 
eeery Road, S.W. 1. [Received, June l&h, 1925.] 


Potassium Antimonoxalate . By Leslie Henry Alfred Holmes 
and Eustace Ebenezer Turner. 

Preliminary investigation of the antimonoxalates, which it was 
hoped to resolve into optically active forms, has shown that 
they are too unstable for the work in view. The potassium salt, 
for example, is described by different authors as having x, 2, 3, 3J, 
4, 4J-, or 6 mols. of water of crystallisation (Hofmann, c< Lexikon 
der anorganischen Verbindungen,” Vol. I, 2nd half, 1237; Beilstein, 
"Handbuch4th ed., Vol. II, 521). 

The potassium salt has been prepared by slowly adding freshly- 
precipitated antimonious oxide to a boiling saturated solution of 
potassium hydrogen oxalate, filtering, and allowing to cool: it 
separated as star-shaped clusters of needles, which were once 
recrystallised from water below 50° (at or above this temperature 
it was hydrolysed by water), and air-dried. The water of crystal¬ 
lisation was not completely removed even in a vacuum at 140°, 
and the determination of water was effected by ignition in a tube* 
etc. (Pound: K, 21*6; Sb, 22*5; C 2 0 4 , 49*2; H 2 0, 6*8. 
KgStyCgO^g^HgO requires K, 21*8; Sb, 22*35; 49*15; 

HgO, 6*7%). 

vol. cxxvn. 3 o 
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It is probable that previous workers overlooked the extremely 
unstable nature of the salt, and were dealing with impure specimens, 
since it is unlikely that they would have obtained higher hydrates 
than that now described, which separated at low temperatures. 

The expense of this work was met by a grant for which the authors 
are indebted to the Besearch Fund Committee of the Society.— 
East London College, University oe London. [Received, June 
m, 1925,] 

A Simplified Method of Micro-combustion: the Micro-Dennstedt 
Method . By Casimir Funk and Stanislas Kon. 

Some of the disadvantages of Pregl’s method of microanalysis have 
been overcome by Dubsky (see Houben-Weyl, “ Methoden der 
Organischen Chemie/ 5 II. ed.), but the apparatus required is some¬ 
what complicated. We have devised a simple and accurate process 
by an adaptation of Dennstedt’s method. The combustions are 
earned out in a pyrex tube, 43 cm. long, of the usual Pregl pattern, 
but fitted with an inner tube 22*5 cm. in length, of which 13-5 cm. 
are inserted into the tube, and a diffusion stopper providing a 
double supply of oxygen. The filling consists of a platinum contact 
“ star,” 6 cm. long, and three boats, 7*5 cm.' long, one containing 
molecular silver and the others lead, peroxide and red lead. The 
tube is heated in a Dubsky furnace terminated by a “ regenerating 
block ” kept at 150—170°; the burners are arranged as in the 
Dennstedt process, so that the contact star can be heated to redness 
while the portion of the tube containing the absorbents is kept at 
about 320° with the aid of the tubular burner. Three Blumer 
absorption tubes, each weighing 14—17 g. when full, are used, 
filled as recommended by Dubsky; these tubes must always be 
used in the same direction. A bubble-counter is attached to the 
third tube. The capillary rubber tubing used for all connexions is 
speedily treated, and the absorption tubes are cleaned and weighed, 
according to Pregl’s directions. It is advisable not to wipe the 
stoppers after a combustion to avoid the risk of removing small 
traces of vaselin. The absorption tubes are weighed filled with 
oxygen and should be refilled with dry oxygen if not used for a 
day or more, 

A newly-fitted combustion tube is burned out in a stream of 
oxygen for 1| hours. A small platinum boat containing the 
substance to be analysed (5—-9 mg.) is placed in the inner tube of 
the combustion tube, the double oxygen supply carefully adjusted, 
and the combustion carried out as described by Dennstedt. It is 
pastScularly important to maintain a sufficiently rapid outer stream 
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especially when dealing with volatile substances. The combustion 
takes 40—50 minutes, including the time (20 minutes) required to 
drive off the water formed; the absorption tubes are then detached, 
and weighed after 20 minutes. 

The following precautions are essential: (1) a sufficient supply of 
oxygen must be maintained, the outer stream at the rate of two 
bubbles a second with a bubble-counter 1 mm. in diameter; (2) a 
good analysis can be obtained only after a satisfactory blank or a 
successful combustion. Otherwise the process requires no special 
care. The progress of the combustion can be watched so that any 
irregularity is noticed at once, the filling of the tube is simple, and 
the large absorption tubes do not require refilling for a considerable 
time. 

We obtained consistently high results in the estimation of 
nitrogen by Pregl’s method until we placed the layer of reduced 
eopper at the end of the tube as in Dubsky’s process; this arrange¬ 
ment obviated the dissociation of the carbon dioxide into carbon 
monoxide and oxygen. A very slow stream of carbon dioxide 
generated in a Kipp apparatus was maintained throughout the 
combustion; and no difficulty was experienced in getting air-free 
carbon dioxide when Pregl’s directions for the filling of the Kipp 
apparatus were carefully followed.— State School oh Hygiene, 
Warsaw, Poland. [. Received, April 1 5th, 1925.] 


CCXXXIIL —Arylselenoglycollic Acids . 

By Gilbert T. Morgan and William Henry Poeritt. 

Arylselenoglycollic acids are obtainable by the following 
process, which avoids the use of hydrogen selenide and is of general 
application. The first step, due to Taboury {Bull. Soc . chim., 
1903, 29, 761), depends on the interaction of elemental selenium 
and a magnesium aryl bromide. 

The additive produet of the Grignard reagent and selenium is 
decomposed with ice and hydrochloric acid, and the arylseleno- 
mercaptan, extracted as alkali salt from its ethereal solution, is 
condensed with sodium chloiroacetate in aqueous alcoholic solution. 
The process is summarised in the following scheme : 

AryhMgBr —> Aryl*Se*MgBr —> AryhSeH. 

Aryl-SeNa + CH 2 Cl*C0 2 Ka = Aryi-Se*CH 2 -C0 2 Na+Naa. 

During its extraction with aqueous alkali 15—20% of the seleno- 
mercaptan undergoes aerial oxidation to the corresponding diaryl, 
diselenide, Aryl*Se*Se*Aryl. 

The arylselenoglycollic acids (yields 20—25%), when liberated 

• 3 02 \ 
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by mineral acids from their alkali salts, are well-defined, colourless 
solids, easily soluble in organic media, crystallising from hot water 
on account of their more sparing solubility in the cold solvent. 

In general stability, the arylselenoglycollic acids resemble their 
sulphur analogues; they, melt without decomposition and are 
not attacked by boiling mineral acids. Unlike the acids of the 
sulphur series, however, these selenium derivatives do not exhibit any 
marked tendency towards ring formation under the influence of 
ehlorosulphonic acid at temperatures ranging from —5° to 40°. 
No seleno-indoxylic substances are produced and the products 
isolated resemble the decomposition products of the dichlorides 
of the arylselenoglycollic acids. This observation indicates that 
the ehlorosulphonic acid contributes chlorine to the side chain, 
which radical subsequently undergoes complex condensation. 
That the valency of the selenium tends to increase is shown by 
the formation of crystalline chloro- and bromo-additive products 
on introducing these halogens into chloroform solutions of the 
arylselenoglycollic acids. The additive products of bromine are 
of two types, respectively yellow and red in colour, corresponding 
to the di- and tetra-bromides. They are easily hydrolysed with 
the formation of brownish-red oils, a complex change also occurring 
with the dihalogenides of the arylthioglycollic acids (Pummerer, 
JBer., 1909, 42, 2275). 

Acidified permanganate solutions are decolorised by the aryl¬ 
selenoglycollic acids, probably with the formation of selenones. 
With 25% hydrogen peroxide in glacial acetic acid solution, the 
acids undergo direct oxidation with considerable evolution of 
heat to furnish well-defined, crystallisable arylselenoxyglycoliie 
acids, Aryl-Se*0*CH^‘C0 2 H (yields 95%). 

Excess of hydrogen peroxide produces no further oxidation, 
although potassium permanganate is discoloured. This behaviour 
towards oxidising agents is similar to that of the aryl disulphides 
and thiodiglycollie acid (Gazdar and Smiles, J., 1908, 93, 1833; 
Hlnsberg, Ber. r 1908, 41, 2836). 

The arylselenoglycollic acids are very resistant to nitric acid 
and in Carius determinations the temperature must be maintained 
at 250 for several hours; they develop characteristic colours with 
concentrated sulphuric acid, the tint varying with the nature of 
the aryl radical present. 

Both the arylseleno- and arylselenoxy-acids form soluble alkali 
and ammonium salts, the latter being readily dissociated. The 
al k a l i salts of the seleno-acids are stable towards alkali fusion at 
The silver salts of both series are only very slowly affected 
by%ht. 
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Experimental. 

I. Arylselenoglycollic Acids . 

1. Phenylselenoglycollic Acid , C 6 H 5 *Se’CH 2 *C0 2 H.—Twenty g. 
of finely powdered selenium were added slowly to magnesium phenyl 
bromide, from 39 g. of bromobenzene and 6 g. of magnesium in 
dry ether; brisk effervescence occurred and the mixture was cooled 
in ice, the reaction being afterwards completed by warming on a 
water-bath. The cooled mixture was poured on to ice and hydro¬ 
chloric acid, when a small quantity of hydrogen selenide was evolved 
and red selenium separated. The ethereal layer was extracted 
rapidly with 7 g. of caustic potash (100%) in 60 c.c. of water, and 
to the aqueous solution were added 100 c.c. of alcohol and a solution 
of sodium chloroacetate (from 6*7 g. of sodium carbonate and 11*8 g. 
of monochloroacetic acid). Heat was generated and the sodium 
salt of the glycollic acid was precipitated as a white powder. The 
reaction was completed on a water-bath, and on concentrating the 
solution to half its bulk, sodium phenylselenoglycollate crystallised 
in pinkish-white plates. Phenylselenoglycollic acid separated as a 
pale yellow oil on adding hydrochloric acid to an aqueous solution 
of its colourless, recrystallised sodium salt. This acid dissolved 
in a large quantity of boiling water, separating therefrom as a colour¬ 
less oil, b. p. 1607750 mm., which became crystalline on standing 
for several days; m. p. 40°. The potassium salt crystallised in 
colourless plates with a silvery lustre (Found ; C, 44*6; H, 3*7; 
Se, 36*7. C 8 H 8 0 2 Se requires C, 44*65; H, 3*7; Se, 36*7%). 

Phenylselenoglycollic acid, which dissolved in the majority of 
organic solvents, was only sparingly soluble in cold water; its 
aqueous solution was acid to litmus. With concentrated sulphuric 
acid, it developed a deep purple coloration; its bright green copper 
salt was insoluble in water. 

2. p -Bromojphenylselenoglycollic Acid, C 6 H 4 Br*Se*CH2*C0 2 H.— 
The condensation of 13*3 g. of selenium and the Grignard reagent 
from 40 g. of jp-dibromobenzene and 4 g. of magnesium powder in 
dry ether was completed on a water-bath and the cooled product 
subsequently decomposed with ice and hydrochloric acid. The 
resulting p-bromophenylselenomercaptan was extracted with 5 g. 
of caustic potash and 50 c.c. of water, and to the alkaline solution 
80 c.c. of alcohol and an aqueous solution of sodium chloroacetate 
from 8 g. of monochloroacetic acid were added. After warming 
on the water-bath for 30 minutes, the solution, on cooling, deposited 
sodium ^-bromophenylselenoglycollate slightly pink in colour. 
The free acid crystallised from hot water in colourless, lustrous 
needles, m. p. 127° (Found : C, 32*7; H, 2*4; Se, 26*9; Br, 27*2* 
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C 8 H 7 0 2 BrSe requires C, .32-2; H, 2*3; Se, 26*9; Br, 27*2%). 
p-Bromophenylselenoglycollic acid dissolved readily in most organic 
solvents, but was only sparingly soluble in cold water to a solution 
having an acid reaction to litmus. The silver salt was only 
slowly decomposed by light; the green copper salt was'insoluble. 
A deep brown colour was developed in concentrated sulphuric 
acid. 

3. p -Tolylselenoglycollic acid , CH 3 *C 6 H 4 *Se*CH 2 *C0 2 H, prepared 
by the general method from magnesium p-tolyl bromide, separated 
from acidified solutions of its recrystallised sodium salt. When 
crystallised from hot water, this acid was obtained in well-defined, 
lustrous, acicular prisms melting at 98° and giving a carmine-red 
coloration with concentrated sulphuric acid (Found: C, 47*1; 
H, 4*4; Se, 34*4. C 9 H 10 O 2 Se requires C, 47*2; H, 4*4; Se, 34*5%). 

The alkali and ammonium salts were colourless, crystalline sub¬ 
stances soluble in water; the green copper salt was insoluble. 

4. a -NapMJiyhdenoglycdlic acid , C 10 H 7 *Se*CH 2 *CO 2 H, prepared 
by the general method from magnesium a-naphthyl bromide, 
separated from acidified solutions of its sodium salt, and as an oil 
from hot water. On remaining in a vacuum desiccator for 3 weeks 
the oil crystallised to a product, m. p. 54°, which gave a green 
coloration in concentrated sulphuric acid (Found : C, 54*3; H, 3*7; 
Se, 29*7. C^H^O^Se requires C, 54*3; -H, .3-8; Se, 29*8%). 

II. Arylsdenoxyglycollic Acids , 

1. p -BroynophenyUdenoxyglycollie acid , C 6 H 4 Br*Se0*CH 2 *C0 2 H, 
separated in well-defined, colourless needles, m. p. 187°, when 6 e.c. 
of hydrogen peroxide (25%) were added to 2*9 g. of p-bromophenyl- 
selenoglycollic acid dissolved in glacial acetic acid, the solution 
being cooled to moderate the reaction (Found: C, 40*0; H, 2*2; 
Se, 25*5* CgH 7 0 3 BrSe requires C, 40*0; H, 2*25; Se, 25*5%). 

p-Bromophenylselenoxyglycollic acid, which dissolved in chloro¬ 
form or alcohol, was less soluble in ether than the selenoglycollie 
acid* It dissolved only very slightly in cold, but more so in hot 
water. The alkali and ammonium salts were colourless and soluble. 
The pale blue copper salt was insoluble. 

2. p -TdylsdenoxyglycoUic acid , C 6 H 4 Me*SeO*CH2*C0 2 II, produced 
as in the preceding preparation, separated from glacial acetic acid 
in colourless crystals, m. p* 165° (Found : 0,44*0; H, 4*0; Se, 32*2* 

requiresC,44*l; H, 4*1; Se, 32*2%). 

Aqueous or acetic acid solutions of the foregoing aiylselenoxy- 
iodine from aqueous potassium iodide. 
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m. Habgenides of Arylselenoglycollic Acids. 

L ip-Tolylselenoglycollic Acid Dibromide, C 6 H 4 Me*SeBr 2 *CH 2 *C0 2 H, 
—A solution of 2*29 g. of ^-tolylselenoglycollic acid (m. p. 98°) 
in 25 c.c. of dry chloroform was treated with 1-6 g. (1 mol.) of bromine 
and left in a vacuum desiccator. The dibromide separated in 
clusters of golden-yellow needles, which decomposed between 90° 
.and 100° with evolution of bromine (Found: Br, 40-9; Se, 20-3. 
C 9 H 10 O 2 Br 2 Se requires Br, 41*1; Se, 20*3%). 

An aqueous solution of potassium iodide reacted with the di¬ 
bromide, liberating iodine and regenerating a quantity of the original 
acid together with a proportion of the corresponding selenoxy- 
acid. The dibromide was unstable in moist air and was easily 
hydrolysed, giving brownish-red oils of complex constitution. 

2. ■p-Tolylselenoglycollic acid tetrabromide , 

C 6 H 4 Me-SeBr 4 *CH 2 *C0 2 H, 

prepared in a similar manner to that described above by the addition 
of 3-8 g. of bromine (20% in excess of 2 mols.) to 2*29 g. of £>-tolyl- 
selenoglycollic acid dissolved in dry chloroform, separated in small, 
scarlet needles which readily decomposed on warming (Found: 
Br, 58*3; Se, 14*4. C 9 H 10 O 2 Br 4 Se requires Br, 58-3; Se, 14*4%). 

The tetrabromide was readily hydrolysed and liberated iodine 
from an aqueous solution of the acid. 

3. p -Brcnnophenylselenoglycottic acid dibromide , 

C 6 H 4 Br # SeBr 2 *CH 2 *C0 2 H, 

prepared as above from 2-94 g. of ^-bromophenylselenoglycollic 
acid and 1*6 g. of bromine, formed golden-yellow crystals decom¬ 
posing at 120—130° with evolution of bromine (Found : Br, 52*8; 
Se, 17*4. C 8 H 7 0 2 Br 3 Se requires Br, 52*9; Se, 17-4%). 

4. p-Bromophenylselenoglycollic acid tetrabromide , 

C 6 H 4 Br*SeBr 4 *CH 2 *C0 2 H, 

prepared from 2*94 g. of ^-bromophenylselenoglycollic acid and 
3*8 g. of bromine in dry chloroform, formed scarlet needles which 
decomposed on warming with evolution of bromine (Found: Br, 
65*0; Se* 12*8. C 8 H 7 0 2 Br 5 Se requires Br, 65*15; Se, 12*9%). 

The authors desire to express their thanks to the Government 
Grant Committee of the Royal Society and to the University of 
Birmingham Research Committee for grants which have helped to 
defray the expense of this investigation. 

University op Birmingham, 

Edgbaston. [Received, June 24dh, 1925.] 
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CCXXXIV .—Aromatic Derivatives of Germanium . 

By Gilbert T. Morgan and Harry Dugald Keith Brew. 


When germanium tetrabromide is treated with a large excess of 
magnesium phenyl bromide (36 mols.) it yields germanium tetraphenyl 
or tetmphenylgerrmne, Ge(C 6 H 5 ) 4 , triphenylgermanium bromide , 
Ge(C e H 5 ) 3 Br, and the less phenylated germanium bromides, 
Ge(C 6 H 5 ) 2 Br 2 and Ge(C 6 H 5 )Br 3 . The first two products are readily 
separated, but the latter pair, which do not solidify when 
mixed, have been identified by the isolation of their hydrolytic 
products. 

Hexaphenyldigermane, (C 6 H 5 ) 3 Ge*Ge(C e H 5 ) 3 , has not been detected 
among the products of the Grignard reaction, so that under these 
experimental conditions there is little or no tendency for junction 
of two atoms of the metal (compare with tin and lead), but the 
compound is readily prepared by the action of sodium on the 
triphenylgermanium bromide. 

2GePh 3 Br + 2Na = Ph 3 Ge-GePh 3 + 2NaBr. 

The production of tetraphenylgermane and hexaphenyldigermane 
completes the following series :— 


M. p. 


% CPh 4 . 
* 272° 


M. 


SiPh 4 . 

233° 

Si 2 Ph 6 . 

354° 


GePh 4 . 
230—231° 

GeJPtiQ. 

340° 


SnPh 4 . 

225—226° 

Sn 2 Ph 6 . 

237° 


PbPh 4 . 
224—225° 


PbjjPh, 


p. 145—147°* 354° 340° 237°’ jf55‘ 

* These abnormally low melting points are due to dissociation. 


t 


Hexaphenyldigermane when examined in dilute benzene solutions 
shows no recognisable tendency to dissociation. 

On hydrolysis the solid triphenylgermanium bromide yielded 
triphenylgermanium oxide , (C 6 H 5 ) 3 Ge’0*Ge(C 6 H 5 ) 3 , corresponding 
withthe silicon compound, Pl^Si-O'SiPhg. The analogue, Ph 3 Ge*OH, 
oftriphenylsilicon hydroxide was not isolated. 

Hydrolytic Products from Diphenylgermanium Dibromide and 
Phmylgermanium Tribromide .—When only 5 molecular proportions 
of magnesium phenyl bromide are employed to one of germanium 
tetrabromide, there is no formation of tetraphenylgermane but the 
product contains a mixture of mono-, di«, and tri-phenylgermanium 
bromides. 

Diphenylgermanium dibromide yielded on hydrolysis two well- 
defined complex substances derived by dehydration from the hypo¬ 
thetical dihydroxide or'did, (C 6 H 5 ) 2 Ge(OH) 2 . These products, 
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which have considerable capacity for crystallisation, are trianhydro - 
tetrakisdiphenylgermanediol, 

H0-GePh 2 -0-GePh 2 *0-GePh2-0-GePh 2 *0H 

(I), m. p. 149°, and tetra-anhydrofetrakisdiphenylgermanediol, 


n ^GePh 2 «0*GePh 2 \ o 
u ^ Sv GePh 2 *(>GePh 2 u 


(II) , m. p. 218°. 

The formation of these complicated anhydro-eompounds recalls the 
results obtained by Kipping and his collaborators (J., 1912, 101, 
2108, 2125; 1914, 105, 484) on hydrolysing diphenylsilicon di¬ 
chloride, when the diol Ph 2 Si(OH) 2 and four anhydrides were 
identified. The two silicon derivatives corresponding with formulae 
I and II melt respectively at 128—129° and 200—201°. Diphenyl- 
germanium dibromide also undergoes hydrolysis to an insoluble 
amorphous substance (p. 1765), from which it is regenerated by 
concentrated hydrobromic acid. 

Owing to this tendency to form anhydrides it is obvious that 
hydrolysis of a mixture of diphenylgermanium dibromide and 
phenylgermanium tribromide might lead to an anhydro-diol derived 
from more than one of the reacting bromides. This anticipation was 
realised by the isolation of a substance (m. p. 275°) having a com¬ 
position and molecular weight approximating to Ge 6 (C 6 H 6 ) 8 0 6 , 
which may be regarded as a combination of 3GePh 2 0 with 
GePhOOGePhO, these oxides being derived from the hydrolysis 
of diphenylgermanium dibromide and phenylgermanium tribromide, 
respectively. This product, which arises apparently from a chance 
condensation of the two different oxy-compounds, was only obtained 
in one experiment. 

The hydrolysis of phenylgermanium tribromide leads to phenyl- 
germanonic or germanibenzoic acid , a colourless uncrystallised 
product soluble in aqueous caustic alkalis. Its properties in regard 
to degree of hydration vary with the feperimental conditions of its 
preparation and isolation. In all probability its composition varies 
within the limits C 6 H 5 *GeO*OH and C 6 H 6 *Ge0*0*0Ge*C 6 H 5 

(III) and the analytical numbers approximate to an intermediate 
complex formula still containing hydroxyl groups. Phenylger- 
manonlc acid or germanibenzoic acid therefore comes into line with 
silicobenzoic acid and its analogues, which have been shown con¬ 
clusively by Kipping and his collaborators (J., 1914, 105, 679; 
1915, 107, 459) to consist of mixtures of condensation products 
varying in composition with the conditions of hydrolysis of the 
haiogenated silicanes. 

The foregoing results obtained with oxygenated phenylgermanium 


compounds indicate that the reactions of these substances are similar 

3o* 
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to those of the oxyarylsilieon derivatives but of a somewhat simpler 
type with less tendency to the formation of syrups, colloids and 
infusible mixtures. In this respect germanium forms a link between 
silicon and tin, and the germanium atom should exhibit a tetrahedral 
distribution of valencies. 

Experimental. 

I. Interaction of Germanium Tetrabromide with a Large Excess of 

Magnesium Ph&nyl Bromide . 

1. The Grignard reagent from 5*7 g. of magnesium, 30*2 g. of 
bromobenzene, and 120 c.c. of ether (36 mols. PhMgBr) was added 
to 2*1 g. of germanium tetrabromide in 75 c.c. of ether, and the 
mixture heated for 2 hours. The dark orange-yellow liquid was 
poured on to ice and acidified with hydrobromie acid, when a 
creamy white powder remained consisting of tetraphenylgermane 
(0*8 g. or 40%). The ethereal filtrate and extracts, dried over 
sodium sulphate and concentrated, yielded 0*5 g. of triphenyl- 
germanium bromide ; the final mother-liquor containing the less 
phenylated products was worked up as described on p. 1765. 

2. During the action of less Grignard reagent (8 mols. PhMgBr) 
on 4*4 g. of germanium tetrabromide in 25 c.c. of pure chloroform 
(Boots’) heat was generated. The resulting liquid, after being 
warmed on the water-bath for 1J hours, was treated as above and 
yielded 0*93 g. of tetraphenylgermane (22%) and 1*1 g. of triphenyl- 
germanium bromide (26%), the separation of the latter being 
hastened by adding petroleum (b. p. 60—80°). The ether-petroleum 
mother-liquors, distilled in steam to remove diphenyl, left a semi¬ 
solid yellowish-brown mass which after trituration left 0*4 g. of 
colourless crystalline triphenylgermanium oxide . The oily bromides 
were worked up as on p. 1765, whereas the aqueous layer from the 
hydrolysis of the Grignard product by ice deposited gradually a 
small amount of phenylgermanonic or germanibenzoic acid . 

Tetraphenylgermane {Germanium tetraphenyl), GePh 4 , crystal¬ 
lised from petroleum (b. p. 60—80°) in lustrous* refractive, trans¬ 
parent, prismatic needles, colourless in small quantities, creamy 
white in bulk. Very stable on heating, it melted at 230—231° 
and could be volatilised without decomposition (Found: C, 75*4 ; 
H,5'6; Ge, 18*5. C^H^Ge requires C, 75*7; H, 5*3; Ge, 19*0%). 
- Tetraphenylgermane was insoluble in water, sparingly soluble 
in etimr, light petroleum, or cold acetone, and dissolved, more 
readily in benzene, separating therefrom in acieular prisms. Boiling 
aqueous caustic alkalis had no effect on this substance; it was 
cold concentrated sulphuric acid, but on warming 
: -desteuctivdy with elimination of phenyl 
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groups. Fuming nitric acid or a mixture of nitric and sulphuric 
acids caused nitration and oxidation with evolution of nitrous fumes. 

Triphenylgermanium bromide , GePh 3 Br, formed large, colour¬ 
less, transparent, six-sided, refractive, prismatic needles or small, 
compact prisms. Insoluble in water but somewhat readily soluble 
in ordinary organic media, it was best crystallised from petroleum 
(b, p. 40—80°); it melted at 138° to a colourless liquid (Found; 
C, 56*6; H, 4-1; Br, 20*7. C ls H 15 BrGe requires C, 56*3; H, 3*9; 
Br, 20*8%). 

Triphenylgermanium bromide became hydrolysed superficially 
to its oxide by boiling water or by warm aqueous caustic alkalis. 
It arose as a by-product in the preceding preparations, but became 
the chief product when five molecular proportions of the Grignard 
reagent were employed to one of germanium tetrabromide. When 
9*3 g. of the latter substance were used, the ethereal solution, after 
heating on the water-bath and subsequent treatment with ice and 
hydrobromic acid, yielded, on concentration of the ether layer, 
2*5 g. (or 27%) of triphenylgermanium bromide. The residual oil 
was then treated with aquo-alcoholic silver nitrate, filtered from 
silver bromide, and the filtrate evaporated and distilled in steam, 
when diphenyl and o-nitrophenol were removed in the distillate. 
The non-volatile semisolid residue was fractionated from boiling 
petroleum (b. p. 60—80°) and from cold ether, when the following 
crystalline substances were separated: (i) a colourless compound 
(0*7 g.) melting at 275°, practically insoluble in cold ether or light 
petroleum and only sparingly soluble in the latter on warming 
(see pp. 1761, 1767); (ii) tetra-anhydrotetrakisdiphenylgermanediol 
(0*2 g.) melting at 218°, more soluble in ether or petroleum (see 
pp, 1761,1766); (iii) an orange-yellow substance (0*1 g.) melting from 
106° to 112°, very soluble in organic solvents or in water. This 
product (C, 51*3; H, 4*5%) contained no germanium and did not 
depress lie melting point of ordinary ^-nitrophenol (0, 51*8; H, 
3*6%), but unlike the latter it was intensely yellow and more soluble 
in cold water. Being formed from phenylated germanium deriv¬ 
atives and silver nitrate in the absence of mineral acids, it may 
consist in part of an aci-form of p-nitrophenol. In addition to these 
solid products there was a considerable proportion of uncrystallis- 
able germaniferous material which was worked up subsequently as 
described on p. 1766. 

Triphenylgermanium Oxide, Ph 3 Ge*OGePh 3 .—An alcoholic 
solution of triphenylgermanium bromide was boiled with silver 
nitrate, filtered from silver bromide, and diluted with water, when 
the oxide was obtained in quantitative yield. This product crystal¬ 
lised from hot petroleum (b. p. 60—80°) in transparent, cobmdesa 

3 o*2 
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prisms melting to a colourless liquid at 182—183°; it separated 
from ethyl acetate in thin, six-sided plates (Found: 0, 69*2; H, 
4-9; Ge, 23*2. C 36 H 30 OGe 2 requmes C, 69-35; H,4*85; 06,23*2%), 
In organic media triphenylgermanium oxide was more soluble 
than tetraphenylgermane but fess so than triphenylgermanium 
bromide; it was unattacked by 50% aqueous caustic potash, but 
was reconverted quantitatively into triphenylgermanium bromide 
by hydrobromic acid (d 1*45). 

Hexaphenyldigermane, Ph 3 Ge*GePh 3 . — Triphenylgermanium 
bromide (3 g.) dissolved in 37 c.c. of dry xylene was heated for 
3 hours with excess of “ molecular ” sodium. The filtered solution 
deposited on cooling 2*2 g. of hexaphenyldigermane, and a further 
amount was obtained on concentration. The final filtrate contained 
a small quantity of the more soluble triphenylgermanium oxide 
arising as a by-product. 

Hexaphenyldigermane separated from hot benzene in large, 
colourless, transparent cubes crumbling into powder on exposure 
to air: loss of benzene at 100° = 24*3%, corresponding with 3 mols. 
of C 6 H 6 . It was sparingly soluble in cold but more soluble in hot 
chloroform, separating therefrom in colourless micro-crystals, 
m. p. 340° [Found: C, 70*8, 70*7; H, 5*1, 5*3; Ge, 23*5; Jf, 
ebullioscopic in benzene, 566 (c = 0*595), 560 (c = 1*328)* 
CagH^Geg requires C, 71*2; H, 5*0; Ge, 23*85% ; M, 606*8], 
Hexaphenyldigermane was insoluble in boiling aqueous caustic 
soda, but on boiling with alcoholic silver nitrate a slight blackening 
occurred owing to liberation of silver. 

Phenylgermanonic Acid (Germanibenzoic Acid , p. 1761)—The 
aqueous mother-liquors from the hydrolysis of the Grignard mixture 
slowly deposited a white, colloidal precipitate, which was purified 
for analysis by redissolving in aqueous caustic soda, the filtered 
solution being then acidified, when the white, amorphous powder 
separated and was dried at 100° (Found: C, 39*9; H, 3*2, The 
simplest formula, C 6 H 6 0 2 Ge, requires C, 39*5; H, 3*3%), 

From concentrated solutions of its sodium salt, phenylgermanonic 
acid separated at once (hydrogel form), but in dilute solutions it 
remained dissolved (hydrosol condition) and separated only after 
several weeks. 

II. Interaction of Germanium Teirabromide and Magnesium Phenyl 
i. Bromide (5 mols.). 

^ A Grig na r d solution, prepared from 48*4 g. of bromobenzene 
g.\ oj magnesium, and 200 c.c. of ether, was added 
slowly to an ice-cold solution of 24*5 g. (1 mol.) of germanium 
tetabromide in 100 c.c. of ether, moisture and carbon dioxide being 
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excluded. The heavy colourless oil which separated persisted alter 
heating on the water-bath. The cooled mixture was decomposed 
by ice and 50 c.c. of hydrobromic acid (d 1*45), when the crackling 
sound produced by the hydrolysis of germanium tetrabromide 
showed that this substance was not completely attacked even by 
excess of Grignard reagent. The" solution was extracted with ether 
and the mixed ethereal extracts were dried over sodium sulphate. 
The aqueous layer, which gave no precipitate of phenylgermanonic 
add (germanibenzoic acid) either when left or when partially 
neutralised, contained no other organic derivatives of germanium. 

The ethereal extract, concentrated to a small bulk, gave 9 g. 
(37*5%) of triphenylgermcmium bromide . 

The residual oil, which contained a complex mixture of triphenyl- 
germanium bromide, the less phenylated germanium bromides, and 
chiefly diphenylgermanium dibromide together with diphenyl and 
traces of bromobenzene,’was dissolved in 150 c.c. of alcohol and added 
to 20 g. of silver nitrate in 100 c.c. of alcohol and 40 c.c. of water, 
when a dark brown precipitate separated. The mixture was heated 
under reflux for an hour and the alcoholic filtrates (A) separated 
from a black precipitate (B). This precipitate B, which consisted 
mainly of silver bromide but contained some organic germanium 
compound, was boiled with ammonia ($0-88),* when a black 
residue remained which was extracted successively with aqueous 
sodium thiosulphate and dilute nitric acid, leaving 1*5 g. of a white, 
amorphous organic germanium compound. This substance melted 
partly at 260° and was insoluble in organic solvents, aqueous alkalis 
or ammonia; it was converted by hydrobromic acid into an oily 
bromide, from which the original amorphous substance was recovered 
by the action of water. This uncrystallisable product was also 
obtained by the hydrolysis of the oily bromide from tetra-anhydro- 
tetrakisdiphenylgermanediol, m. p. 218°. 

The alcoholic filtrate A was evaporated and the oily residue 
distilled in steam, when diphenyl and o-nitrophenol passed over. 
The residue, a solid of pitchy consistence, was dissolved in ether and 
the yellow solution filtered and concentrated until an orange- 
yellow, semi-crystalline mass separated. This product, after 
extraction with cold petroleum (b. p. 80—100°) to remove diphenyl 
and other more soluble impurities, furnished 5 g. of an almost 

* The ammoniacal filtrate deposited on cooling lustrous spangles of silver 
bromide having a highly refractive reflex. This product was an insensitive 
forcn of the bromide, for it retained its bright metallic lustre after months of 
exposure to light. The ammoniacal liquor, which contained traces of organic 
derivatives of germanium, had the property of converting more yellow silver 
bromide to this insensitive form, the spangles separating at the surface of 
the solution. 
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colourless mixture of organic germanium derivatives now free from 
bromine. Repeated solution of this mixture in ethyl acetate fol¬ 
lowed by fractional crystallisation and hand-picking of the resulting 
crystals led to a separation of the following substances :— 

1. Triphenylgermanium oxide , m. p. 182—183° (see p. 1763), separ¬ 
ating from ethyl acetate in thin, rhomboidal or pentagonal plates. 

2. Tetra-anhydrotetrakisdiphenylgermanediol (Formula II), crys¬ 
tallising in colourless, cubical and prismatic forms, the latter with 
bevelled and facetted faces. This complex diol was purified by 
crystallisation from petroleum or ethyl acetate, in which it was 
readily soluble, and then melted indefinitely at 218° [Found: 
C, 59-4, 59*1; H, 4*25,4*4. (C^H 10 OGe)* requires C, 59-4; H, 4-2%. 

Fig. 1. Fig. 2. 




Found: by the ebullioscopic method in benzene (c = 1*48), Jf, 905. 
(C X2 H 10 OGe) 4 requires M, 970], 

3. Trianhydroteimkisdiphenylgermanediol (Formula I), m. p. 149°, 
obtained in colourless, hexagonal prisms or flattened, rhomboidal 
crystals with bevelled edges (Found : C, 58-8; H, 4*6. C 48 H 42 0 5 Ge 4 
requires 0, 58*3; H, 4*25%). 

Crystallographic Examination . 

Two of the foregoing substances (Nos. 2 and 3) were kindly 
examined by Dr, T. V, Barker, who reports as follows:— 

Teirc^anhydrotetrakisdiphenylgermanediol (Fig. 1).—The crystals 
of this substance are monoclinic with the forms ^(110), a(100), 
$011), c(0OI) and $201} developed in the proportions given in Fig. 1. 
The axial ratios, a: b : c = 1*491:1: 1*018, £ = 111 0 42', were 


m, a. q, c. e. 

: 0°Q' 0° 0' 68° 21' *68° 18' *137° 0' 

t ... 35 46 90 0 *46 35 90 0 90 0 
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Optically, the crystals are positive; the axial plane is 6(010), and 
one optic axis is nearly normal to a(100). 

Trianhydivtetrakisdiphenylgermaiiediol (Fig. 2).—The crystals are 
orthorhombic with the forms &(100),'m(110), w(120), 6(010), ando(lll) 
developed in the proportions given in Fig. 2. The axial ratios, 
a : 6 : c = 0-9539 :1: 0*5399, were computed from the following 
measurements derived from four crystals. 

6. n. m. a. o. 

* . 0° O' 27° 50' *46° 2V 90° 0' 46° 21' 

>...:. 90 0 90 0 90 0 90 0 *38 2 

Optically, the positive acute bisectrix is parallel to the c-axis, 
and the axial plane is a. 

The Complex Diol melting at 275°.—When recrystallised from 
ethyl acetate, it separated in large, transparent, colourless prisms 
melting at 231° and containing solvent of crystallisation. At 140° 
the loss of weight was 4*45%, corresponding approximately with 
2 mols. of diol combined with one of ethyl acetate (theory 3*9%)* 
Crystallised from carbon tetrachloride, the compound melted to a 
transparent, colourless liquid at 277—278° but rather indefinitely 
[Found: C, 53*8; H, 3*9; Ge, 33*6; M, ebullioseopic in benzene 
(c=== 1*000), 1003. C^H^OgGeg requires C, 53*6; H, 3*7; Ge, 
33*7%; M, 1074]. 

This complex diol was insoluble in water, dilute alcohol, ether, or 
petroleum and only sparingly soluble in other organic media. 

Note on the Analysis of Aromatic Germanium Compounds . 

In estimating carbon and hydrogen the combustion was effected 
entirely with oxygen in a tube containing copper oxide and lead 
chromate. The oxygenated germanium compounds required very 
prolonged heating at high temperatures in order to oxidise the last 
traces of carbon, which otherwise remained in the boat or on the 
side of the tube as a refractory black material. 

For the estimation of germaniumtheweighed substance was digested 
during 8 or 10 hours with 18 c.c, of concentrated sulphuric acid 
(A.R. quality) in a flask with a ground-in air-condenser. The cooled 
liquid and undissolved germania were washed into a conical flask 
with 150 c.c. of water, any adherent germania being removed by 
boiling aqueous sodium carbonate (A.R.).' 4 The clear solution was 
thoroughly saturated With washed hydrogen sulphide and left in the 
closed flask for a day. The pinkish-white sulphide containing free 
sulphur and some organic matter was collected on a Gooch crucible 
with ashless paper filter, and washed successively with 4^-sulphuric 
acid saturated with hydrogen sulphide and aqueous hydrogen 
sulphide. After drying at 100° the precipitate and the portion 
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remaining on the filter-paper were converted into germania in 
separate porcelain crucibles by treatment with dilute and then with 
concentrated nitric acid. On igniting the crucibles strongly, 
germania was obtained in a perfectly white condition. 

The authors desire to express their thanks to Messrs. Brunner 
Mond and Company, Limited, for a grant which has partly defrayed 
the expense of this investigation. 

University or Birmingham, 

Edgbaston. [Received, June 2Uh, 1925.] 


CCXXXV .—The Stability of Additive Compounds 
between Esters and Acids ♦ 

By James Kendall and James Eliot Booge. 

The parallelism between the electrical conductivity of an acid 
solution and its catalytic activity in ester hydrolysis formed one 
of the strongest supports of the Arrhenius ionisation theory in its 
early stages. More accurate measurements made it evident, 
however, that direct proportionality between hydrogen-ion concen¬ 
tration and reaction velocity could not be claimed. Other diverg¬ 
ences were soon noted; not only did the rate of hydrolysis increase 
more rapidly than hydrogen-ion concentration, it also increased 
with the ester concentration. Many investigations have been 
performed upon ester-acid-water systems to explain these diverg¬ 
ences, and several interesting theories—for example, the theory of 
the catalytic activity of the undissociated molecule and the theory 
of the anticatalytic effect of water—have been developed. The 
radiation hypothesis also has been applied to the problem by Lewis 
and his co-workers, but the mechanism of acid catalysis of ester 
hydrolysis is still unsolved. 

Some advance has been made, nevertheless, in the general recog¬ 
nition of the fact that the concentrations of the reacting molecular 
species in a solution of this complicated character cannot be directly 
calculated from its composition. Formation of additive compounds 
certainly disturbs the stoicheiometric ratios very .materially, and 
inasmuch as it appears nfost probable that the hydrolysis is effected 
in steps, with these compounds as intermediate products, it is clearly 
important to ex amine their character and stability as thoroughly as 
possible, 

!Hie first direct evidence of the existence of additive compounds 
M&mm esters and acids was furnished by the present authors in 
an easier article (/. Am&r. Chem. Soc 1916, 38, 1712), in which 
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extensive references to previous work will also be found. Thirteen 
definite compounds of the general type R*CO*OR',HX were isolated, 
and it was shown qualitatively that the stability of such compounds 
in the liquid state increased as the radicals R and R' were made more 
electropositive, or as the radical X was made more electronegative. 
The most stable compounds were consequently obtained when an 
ester of a weak acid (e.g., ethyl acetate) was paired with a strong acid 
(e.g., trichloroacetic acid), but some compound formation was still 
indicated even in such an -unfavourable system as methyl oxalate- 
acetic acid. 

From the results of this investigation, the general conclusion was 
drawn that the formation of an ester-acid additive compound 
constitutes the first step in ester hydrolysis. The following articles 
discuss the stability of these complexes quantitatively, and also 
examine the evidence with regard to their dissociation and the 
formation of additive compounds of other types in the presence of 
the third component—water. 

The progressive dissociation of ester-acid compounds on addition 
of water may be postulated as due to three distinct causes. In the 
first place, the effect may be purely diluent , the equilibrium point 
in the reaction R*COOR',HX R*CO*OR' + HX being shifted 
in the forward direction merely by the diminution in the concen¬ 
trations of ester and acid as we proceed from the anhydrous system 
to a dilute aqueous solution. Secondly, the water may disturb the 
equilibrium still further by combining with the free acid or ester to 
form binary complexes of the type HXjHgO or R-COOR'sH^O. 
Thirdly, the water may combine with the ester-acid compound to 
give a ternary complex of the type R*CO*OR^HX,H 2 0. 

In order to separate these three factors, as far as is feasible, the 
problem has been taken up in stages. First, the extent of the 
dissociation of certain typical ester-acid compounds into their 
components on fusion has been examined by comparing the freezing- 
point depressions induced by addition of free ester, an inert solute 
(benzene), and the active solute water. Next, the extent to which 
ester-acid compounds are still existent in a dilute solution, when the 
solvent is inert, has been investigated by determining the freezing- 
point depression curves of benzene bn addition of ester and of acid, 
separately and in company. Binary systems of the types acid- 
water and ester-water are then discussed, and the final and most 
intricate case of all (the ternary system: ester-acid-water) is thus 
approached only after the results of the preceding work have fur¬ 
nished useful information as to the most promising methods of 
attack. 
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The Stability of Ester-Acid Compounds on Fusion . 

Three compounds are examined in this section, the complexes 
chosen being those formed by trichloroacetic acid with ethyl acetate, 
benzyl benzoate and methyl succinate respectively. The extent of 
dissociation in each case is calculated from the form of the freezing- 
point depression curves of the compound, as indicated in Fig. 1, 
This method was first suggested by Bancroft (J. Physical Chem 
1899, 3, 72) and developed in detail by Kremann (. Momtsh 1904, 
25, 1215). Unfortunately, the equations arrived at by Kremann 
are not free from error (Boozeboom and Aten, Z. physikal. Chem., 
1905, 53, 449) and it is important to note that the method is strictly 
applicable only when the heat of dissociation of the complex is zero. 
Nevertheless, since in mixtures of organic substances heats of 
dissociation are in general but small, and the stability of a given 
compound may be regarded as constant over a restricted temperature 
range, the method may be utilised to give approximately accurate 
values, the procedure being briefly as follows : 

If an additive compound is perfectly stable on fusion, its freezing- 
point curve on addition of y moles of either component to 100 moles 
of compound will be given by the equation : 



where Q is the molar heat of fusion of the compound in calories, 
T 0 its absolute temperature of fusion in the pure state, T its absolute 
temperature of fusion in the solution, and B the gas constant, 
1-988. If, on the other hand, the percentage dissociation of the 
pure compound on fusion is x , then addition of y moles of either 
component to 100 moles of the compound will repress this dissoci¬ 
ation to a smaller value x\ and we obtain the equation: 


—*Og.(; 


/ 100-z' \ 

-9( 

U00 + x' + y) 

~ B\ 


T 


A) 


(ii) 


the graph for which will vary more and more from that given by 
equation (I), according as x increases. Various trial values may 
be assumed for *, and the resultant curves compared with that 
obtained experimentally until accordance is reached. 

, It remains to show how the “ unknowns ” in equation (II) may 
be evaluated. If K is the dissociation constant of the reaction 
R-CO a R', HX R-COgR.' 4 - HX, then we have the two equations: 

'100 - *\ 


and 
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whence, as K is known for each assumed value of x, the variation of 
x f with y is derived. Q must be determined either calorimetrically, 
or (by calculation) from the form of the freezing-point curve when an 
inert solute is added. R , of course, is known. The only remaining 
factor, T 0 (the hypothetical freezing point for the pure compound 
in the absence of dissociation products), is obtained from equation 
(33) by putting y = 0, when x' becomes x and T becomes the 
experimental freezing point. 

1 . The Compound Ethyl Acetate-Trichloroacetic Acid .—This 
compound, as obtained by mixing equimolecular quantities of its 
carefully purified components, melted sharply at — 26-8°. A 
simplified Beckmann type of apparatus was used to determine the 
freezing-point depression curves of this material on addition of 
ethyl acetate, benzene and water, and in view of the approximate 
nature of the method and the difficulty of working at low temper¬ 
atures and maintaining anhydrous conditions, no attempt was made 
to obtain readings for the freezing-point depression (AT) to a 
greater accuracy than 0*05° in the more dilute, or 0-1° in the more 
concentrated solutions. Additions of solute were made by means of 
a Grethan pipette. Compositions are expressed throughout in 
molecular percentages. 

Table I. 

freezing-point Depression Curves of the Compound ; Ethyl 
Acetate-Trichloroacetic Acid. 


Solute*. 


Ethyl acetate 

/Mol % 
{aT° 

4-23 

0* 15 

9*55 

0*60 

15*45 

1*30 

22*75 

2*6 

34*5 

6*5 

Benzene 

/Mol. % 
\AjT° 

3-27 

0*80 

7*74 

2*0 

13*4 

3*2 

21*3 

5*3 

23*2 

6*0 

Water 

/Mol. % 
\aT° 

7-47 

1*90 

15*24 

3*9 

21*3 

5*5 

33*7 

9*6 



These results are expressed graphically in fig. 1. Partial dis¬ 
sociation of the compound on fusion is shown by the fact that 
ethyl acetate does not give the same freezing-point depression 
curve as the other solutes. By application of equation (II) above* 
it is found that the approximate degree of dissociation of the com¬ 
pound in the liquid state is 12%. The assumption of this Value 
for a; gives practically perfect agreement throughout the whole 
length of the experimental and calculated curves. 

, The value for Q, obtained calorimetrically for use in these calcul¬ 
ations, was 5170 ± 50 calories. This was checked by a rather 
intricate calculation from the freezing-point depression curve 
obtained with benzene as solute. The. • value so 
5150 ± 100 calories. 
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A most unexpected result in the above table is the identity of the 
freezing-point depression curves obtained with benzene (an inert 
solute) and water (presumably reactive). In this connexion it may 
be mentioned that the points on the water curve did not change 
significantly with time during the course of the determinations, 
hydrolysis effects evidently being quite slow at the low temperatures 
involved. Comment upon the abnormal position of the water curve 
will be made at the conclusion of this article. 

Fig. 1. 


Freezing-point depression curve of the compound: ethyl acetate - 
trichloroacetic acid. 



O = Benzene. 4- = Water, x = Ethyl acetate (experimented ). # = Ethyl 

acetate (calculated for 12% dissociation of pure compound on fusion). 

2. The Compound Benzyl Benzoater-Trichloroacetic Acid .—The 
pure compound in this case melted sharply at 13*6°. The freezing- 
point depression results obtained with benzyl benzoate, benzene, and 
water as solutes are given below. 

Table II. 

Freezing-point Depression Curves of the Compound: Benzyl 
Benzoate-Trichloroacetic Acid. 


Solutes. 


Benzyl benzoate 

(Mol % 
\AT° 

4-54 

0*10 

9*92 

0*35 

15*75 

0*80 

26*1 

2*0 

51*7 

8*5 

Benzene 

(Mol % 

\AT° 

5*37 

1*40 

13*6 

3*6 

27*6 

8*1 

CD T* 

sji i—i 


Water 

(Mol. % 

7*58 

10*87 

19*7 . 

27*0 


[aT° 

1*80 

2*9 

5*8 

8-6 



Again the benzene and water curves are very nearly identical. 
Calculation of the degree of dissociation of the compound on fusion 
from the position of the benzyl benzoate curve, using a calorimetric- 
ally determined value for Q of 5660 ± 40 calories, leads to a value 
of (approximately) 35%. 
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3. The Compound Methyl Succinate-Trichloroacetic Acid .—A pure 
sample of this compound (which contains one molecule of ester to 
two of acid) melted sharply at 8*3°. 


Table III. 


Freezing-point Depression Curves of the Compound: Methyl 
Succinate-Trichloroacetic Acid. 


Solutes . 

Methyl succinate 


Benzene 


Mol. 

% 

4*52 

9*27 

18*55 

29*3 

44*8 

A T° 

0*30 

0*50 

1*70 

3*8 

9*6 

Mol. 

% 

5*55 

11*97 

21*8 

31*3 


aT° 

0*85 

1*90 

4*0 

6*3 



The calculation of the degree of dissociation of this 1: 2 compound 
from the position of the methyl succinate curve is more complicated 
than in the previous cases. It is also more uncertain, since a com¬ 
pound of the type AB 2 may give an intermediate dissociation pro¬ 
duct AB as well as its simple components A and B. Fortunately, 
this particular compound is exceptionally stable, so that it is still 
possible to fix its degree of dissociation between the upper and lower 
limits of 6 and 4% respectively. In this calculation, the value used 
for Q (9600 calories) is derived from the benzene curve, assuming this 
for the sake of simplicity to be ideal. 

The Stability of Acid-Ester Compounds in Dilute Benzene Solution . 

The next step in the investigation was to determine the stability 
of acid-ester compounds in the presence of a large excess of an 
inert solvent—benzene. 

The compound ethyl acetate-trichloroacetic acid was first studied. 
Table IV gives the freezing-point depression curves of benzene 
with ester, acid and compound as solutes. The same data are 
represented graphically in Fig. 2. For comparison, the ideal curve 
[obtained by substituting Q = 2370 calories and T 0 = 278*48 
in the equation — log* (I — x) = Q/B . (1JT — 1/!T 0 ), where 
x = mol. % of solute] is also added. 


Table IV. 


Freezing-point Depression Curves of Benzene (Systein: 
Ethyl Acetate-Trichloroacetic Acid). 

Solutes, 


Ideal 


/Mol. % 1*0 2*0 2*5 3*0 4*0 5*0 6*0 

\aT q 0*652 1*308 1*637 1*967 2*631 3*299 3*967 


Mol. % 0*965 1*138 1*934 2*670 3*966 5*425 
AT 0 0*643 0*727 1*276 1*775 2*640 3*598 


Triehloro- /Mol. % 0*543 1*063 1*654 3*068 4*22 5*41 6*63 

acetic acid \AT° 6*213 0*432 0*672 1*222 1*674 2*120 2*582 

Acid-ester /Mol. % 0*520 0*952 1*410 * 1*743 3*205 4*065 5*075 6*62 

compound !AT 0 0*417 0*740 1*038 1*273 2*m4: 24M &&& £$%& 
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Specially purified benzene was employed in this work, and 
temperatures were read to 0-001° by the Beckmann method. The 
thermometer employed was calibrated by the Bureau of Standards, 
and all precautions were taken to ensure accuracy. 

The ethyl acetate curve, it will be seen from the diagram, follows 


Fig. 2. 

System: ethyl aceiater-trichloroacetic acid . Benzene as solvent . 



the ideal within error limits. The freezing-point depressions induced 
by trichloroacetic acid, however, are much less than normal. 
Ex amples of this type have been interpreted in the past as indicative 
of the fact that the solute is associated in the solution, but the con¬ 
ception of Hildebrand (J. Amer. Ghem. Soc. 9 1916, 38,1452) that a 
positive deviation from Baoult’s law is consequent upon differences 
» ihe internal pressures of the two components of the solution 
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offers an alternative explanation. This point will be discussed later. 
The curve given by the compound, if this were completely dissociated 
in the solution into ester and acid, would be the sum of the depressions 
given by its components separately. This is shown as curve IV on 
the diagram. (For strict purposes of comparison, it may be noted. 

Fig. 3. 


System: ethyl acetate-acetic acid . Benzene as solvent. 



I Acetic acid. II Ethyl acetate (•); ideal curve (O). Ill Ethyl acetate .+ 
acetic acid ( experimented ), IV Sum qf I and II. 

the deviation of the ideal freezing-point depression ourve from 
linearity should be taken into account, and curve TV should fall 
slightly below the sum of curves I and II, but the error introduced 
by the simpler procedure here adopted is negligible throughout this 
work.) The actual curve obtained, curve III, lies considerably 
above curve IV, demonstrating that a large; proportion of the 
compound is still existent as such in the system in spite of its reduced* 
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concentration. The exact degree of dissociation at any given 
dilution cannot, however, be determined, since we have no means of 
knowing whether the curve for the undissociated compound follows 
the ideal or not. Most probably it would lie intermediately between 
the curves given by its two components, and we may therefore infer 
that the bulk of the compound is still undissociated when its concen¬ 
tration is diminished to 1—6 mol. %. 

In view of the indefinite character of the results obtainable, the 
work in benzene solution was not extended to the additive com¬ 
pounds of benzyl benzoate and methyl succinate with trichloro¬ 
acetic acid discussed in the preceding sections. It did seem of 
sufficient interest, nevertheless, to determine whether the existence 
of an ester-acid compound, already so unstable in the liquid state as 
to inhibit its direct isolation from the binary system by the freezing- 
point method, could still be established in dilute solution in an 
inert solvent. The results for the system ethyl acetate-acetic acid 
are given below and in Tig. 3. 

Table V. 


Freezing-point Depression Curves of Benzene (System : 
Ethyl Acetate-Acetic Acid). 

Solutes . 


Aeetio acid 

/Mol % 
\a2 7 ° 

0*993 

0*343 

2-75 

0-905 

3*93 

1*284 

4*84 

1*559 



Acetic acid +■ 

/Mol. % 

1*000 

2*016 

2*751 

3*834 

4*82 

5*38 

ethyl acetate 

\AT° 

0*938 

1*827 

2*603 

3*372 

4*215 

4*835 


From Fig. 3 it is apparent that the freezing-point depressions 
induced by equimolecular quantities of ethyl acetate and acetic 
acid taken together are slightly smaller than those obtained by 
summing up the effects of the two separate components, an indication 
that some additive compound is still present. The degree of dis¬ 
sociation of this compound at any given dilution is again uncertain, 
owing to the abnormality of the acetic acid curve, but it is evidently 
much greater than that of the ethyl acetate-trichloroacetic acid 
compound, as might be expected with a weak acid as one component. 

The Internal Pressure Factor in Freezing-point Depression Curves . 

It remains to discuss briefly the abnormalities noted in the 
various systems examined. These, it will be found, all occur in 
systems in which we have a polar solute and a non-polar solvent, 
and in all cases the observed freezing-point depression is less than 
anticipated. Now Hildebrand (foe. cit .) has shown that an abnorm¬ 
ally small freezing-point depression is a general characteristic of 
suoh systems, in which the internal pressures of the two components 
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in the liquid state are markedly different. While, therefore, associ¬ 
ation of the solute may occur to a minor extent in the cases of 
trichloroacetic acid and acetic acid in benzene, yet the abnormally 
small freezing-point depressions obtained must be ascribed, in the 
main, to the internal pressure factor. 

The freezing-point depression curves of the ester-acid compounds 
with water as solute may be explained in the same way. We should 
certainly expect water to dissociate these compounds to a far greater 
degree than benzene, yet the two solutes give curves which are 
practically coincident. The curves ought to be widely divergent, 
apart from any question of instability of the solvent, since water 
and benzene have internal pressures so very far apart from each 
other that they cannot both be ideal solutes in the same liquid. 
Most probably, therefore, very extensive dissociation of the ester- 
acid compound on addition of water does occur, but the negative 
deviation from Raoult’s law consequent thereupon is obscured by a 
simultaneous positive deviation from Raoult’s law due to the internal 
pressure factor. Confirmation for this view will be found in the 
results of the succeeding article, in which the stability of ester-acid 
compounds in dilute aqueous solution is examined in detail. 

Summary . 

The stability of three ester-acid additive compounds on fusion 
has been investigated. The approximate degrees of dissociation 
are : 

(a) Ethyl acetate-trichloroacetic acid (m, p. —26*8°); 12%. 

(b) Benzyl benzoate-trichloroacetic acid (m. p. 13*6°); 35%. 

(c) Methyl succinate-trichloroacetic acid (m. p, 8*3°); 4—6%. 

These values refer to different temperatures (an unavoidable 
defect of the freezing-point method employed), but the order of 
stability is in accordance with previous work. Changes in degree 
of dissociation with temperature are presumably small. The mole¬ 
cular heats of fusion of the three compounds are 5170, 5660, and 
9600 calories respectively. 

In dilute benzene solution (at temperatures slightly above 0°) 
the compound ethyl acetate-trichloroacetic acid is still markedly 
stable, and the decomposition of such a weak complex as ethyl 
acetate-acetic acid is not complete. 

Columbia University, 

New York City. [Received, May 11th, 1925 .] 
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CCXXXVL —Additive Compounds in the Ternary 
System : Ester-Acid-Water . 

By James Kendall and Cecil Victor King. 

Several distinct lines of attack have been followed in this in¬ 
vestigation, in the hope that the results obtained by converging 
upon the problem from different angles, together with the various 
suggestions derived from the simpler binary systems, might furnish 
greater opportunity for .an advance. The freezing-point depression 
data which form the main part of the work are consequently dis¬ 
cussed and correlated with conductivity and reaction velocity 
determinations at 0°. It is unfortunate that the extensive experi¬ 
mental data of previous investigators on certain of the systems 
studied cannot be employed to any considerable degree in this 
comparison, but the majority of such measurements refer to higher 
temperatures and are not readily reducible to molecular concentration 
units. 

In this paper the four systems ethyl acetate-hydrochloric acid, 
ethyl acetate-trichloroacetic acid, ethyl acetate-ehloroaeetic acid, 
and ethyl acetate-acetic acid are examined in detail, with the idea 
of ascertaining how conditions vary when a representative ester 
is paired against a series of acids of widely divergent strengths. 

Binary Systems Acid-Water and Ester-Water . 

Systems of the type acid-water have already been critically 
investigated by Kendall, Booge, and Andrews (J. Amer. Chem . 
Soc., 1917, 39, 2303), and the general law has been deduced that 
compound formation increases with the strength of the acid. Little 
work has been done upon systems of the type ester-water. Griffith 
and Lewis (J., 1916, 109, 80) have postulated an additive ester- 
water compound as an intermediate step in ester hydrolysis, but 
the freezing-point depression data of Rivett for ethyl acetate 
physikal. Chem., 1912, 80, 547), when recalculated on a mole¬ 
cular concentration basis, follow the ideal curve almost exactly. 
On account of this fact the opinion was expressed (J. Amer . Chem . 
Soc., 1916, 38, 1716} that ester-water compounds could not be 
formed in more than minute quantity. Our own freezing-point 
depression determinations for ethyl acetate, presented in Table I 
below (see also Kg. 1), are in complete accordance with those of 
Rivett, yet a more intensive study of the system leads us now to 
reverse our judgment. 

Briefly, ethyl acetate is a “ pseudo-ideal M solute in water, two 
opposing factors practically counterbalancing each other. The 
feet that ethyl acetate and water are only partly miscible (due to 
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internal pressure differences) precludes all possibility of a normal 
freezing-point depression curve; the experimental depressions 
should be considerably less than the ideal (see Hildebrand, Solu¬ 
bility, 95 A. G. S. Monograph Series, 1924; also p. 1777 of the pre¬ 
ceding article). The only factor that could depress the curve 
back again to correspond with the ideal is extensive compound 
formation between ester and water, and there are several points 
which indicate that extensive compound formation actually does 
occur. Liquids which are partially miscible normally give absorp¬ 
tion of heat on admixture, but heat is evolved, not absorbed, when 
ethyl acetate is dissolved in w T ater. The rapid increase in the 
solubility of the ester as the temperature is lowered suggests that 
a compound is formed, the stability of which increases with falling 
temperature (Hildebrand, loc. cit. } p. 144). The fact that the 
density of the saturated solution at 0° is greater than unity (Seidell, 
“ Solubilities of Inorganic and Organic Compounds, 55 D. van 
Nostrand Co., 1919, p. 285) demonstrates that remarkable con¬ 
traction accompanies admixture, and this contraction is most 
simply explained on the assumption of compound formation. 

Other systems of the type R*C0'0R'~H 2 0 are now being examined 
to discover how these two opposing factors—internal pressure 
difference and compound formation—vary with the nature of the 
radicals R and R'. For the present, it suffices to know that all 
three possible binary systems (ester-acid, acid-water, and ester- 
water) give additive compounds, and it becomes necessary to 
determine to what extent these survive in the ternary system and 
whether any ternary compounds are formed. 

Freezing-point Depression Determinations, 

The freezing-point depression results obtained with water on 
addition of ethyl acetate, the four acids, and equimolecular quantities 
of ester and each acid taken together, are presented in Table I. 
The data for the hydrochloric and acetic acid systems are also 
given in Figs. 1 and 2, respectively* 

At first the measurements for solutions containing both acid 
and ester were made at known time intervals after mixing, with 
the intention of extrapolating to zero time to correct for the change 
in freezing point due to hydrolysis. This procedure was, however, 
found to be unnecessary, as the freezing point in the most con¬ 
centrated solution of the strongest acid did not vary more than a 
few thousandths of a degree in a whole hour. The experimental 
procedure was the same as that employed with benzene as solvent 
in the .preceding article. The values given below are the results 
of duplicate measurements, checking to ± 0*002°. 
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Table I. 

Freezing-point Depression Curves of Ester—Acid Solutions. 

Solutes . 


Ethyl acetate 


Ethyl acetate -f 


Trichloroacetic 

acid 


Ethyl acetate -f 


Ethyl acetate 4- 


Acetic acid 


Ethyl acetate 4* 
acetic acid 


'Mol. % 

0-181 

0-379 

0-574 

0-963 

1*148 

1*362 

aT° (obs.) 

0-190 

0-398 

0*594 

1*007 

1*203 

1*431 

A T° (ideal) 

0*187 

0-391 

0-592 

0*994 

1*185 

1*406 

Mol. % 

1-718 

1*945 

2-134 




A T° (obs.) 

1-797 

2-034 

2-224 




<aT° (ideal) 

1-773 ‘ 

2-007 

2-202 




fMol. % 

0-204 

0-369 

0-666 

0*897 

1*139 

1*457 

\aT° 

0-398 

0*720 

1-335 

1*835 

2*374 

3*142 

• iMol. % 

1-686 

1-851 

2-136 




Ia T° 

3-703 

4-126 

4-931 




m ot % 

0-209 

0-335 

0-409 

0*499 

0*681 

0-838 

|AT° 

0-626 

1-008 

1-247 

1*525 

2*099 

2-637 

iMol. % 

0*858 

0-893 

1*086 

1*230 

1*297 

1*446 

[at* 

2-702 

2-817 

3-466 

3*979 

4*194 

4-727 

fMol. % 

0-277 

0-528 

0-765 

1-002 

1*264 

1-439 

Ja T° 

0-530 

0-994 

1*451 

1-884 

2*373 

2*697 

|MoL % 

1-722 

2-032 

2*293 

2-541 



U2 70 

3-223 

3-791 

4*256 

4-697 



fMol. % 

0-176 

0-259 

0-409 

0-554 

0*728 

0*856 

JAT° 

0-510 

0*748 

1-187 

1-592 

2*063 

2*434 

dlMol. % 

0-944 

1*042 





1aT° 

2-651 

2*869 





fMol. % 

0*160 

0*338 

0*592 

0-931 

1*360 

1*647 

Ia t° 

0-176 

0*369 

0-639 

0-978 

1*395 

1*667 

I Mol. % 

1*755 

1-999 





[aT° • 

1*766 

1-989 





fMol. % 

0-249 

0*473 

0-593 

0*904 

1*256 

1*314 

I AT° 

0-525 

0*988 

1-227 

1-826 

2-448 

2*548 

1MoL% 

1-513 

1*709 

1*791 




[aT° 

2-866 

3-153 

3-264 




fMol. % 

0-537 

0-902 

1*341 

1*624 

1*871 

2*393 

J A T° 

0-556 

0-952 

1*381 

1*663 

1*916 

2*442 

IMol. % 

2-896 






[aT° 

2-944 






fMol. % 

0-176 

0*303 

0-437 

0*819 

0-957 

1*161 

J aT° 

0-373 

0*634 

0-917 

1-667 

1-941 

2-353 

iMol. % 

1*523 

1*674 

2-035 

2*217 

2*631 


IaT 0 

3-042 

3*315 

3-919 

4-202 

4*775 



The significance of the data may be most readily appreciated 
by reference to the diagrams. In the hydrochloric acid system 
{Fig. I), the freezing-point depressions induced by acid and ester 
taken together (curve III) are almost identical with the sum of 
the depressions induced by corresponding concentrations of the 
two separately (curve IV). Now if the ester-acid complex 
R<30*GR' > HX were completely stable in solution, we should 
expect its curve to follow approximately the ethyl acetate (or 
ideal) curve (I) in the event of its being a non-electrolyte, or the 
fcydi^hlorie acid curve (BE) in the more probable event of its 
feeing a strong electrolyte giving the ions [R*C0*0R',H] + and X“. 
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An intermediate position between (I) and (II), or between (II) 
and (IV), would follow from partial dissociation. The actual 
position of the curve indicates, however, complete dissociation 
of the compound into its components, and also demonstrates that 
ternary complexes cannot exist in any significant quantity in the 
solution. (In point of fact, curve ill lies very slightly below 
curve TV. This discrepancy may be explained, however, by 
taking into account the slight deviation of the ideal curve from 
linearity [compare p. 1775], accentuated in this case by hydration 
of the solutes.) To explain the total instability of the ester-acid 
compound in water solution we need only to consider that the 

Fig. 1. 


System: ethyl acetate-hydrochloric acid. Water as solvent. 



Mol. 'per cent, of solute . 

I Ethyl acetate {also ideal curve ). II Hydrochloric acid. Ill Ethyl acetate -f* 
hydrochloric acid {experimental, O). XV Sum of I and II (•), 

ester and the water function as rival bases, competing for the 
possession of the hydrochloric acid. Alone, each is able to furnish 
a stable additive compound (or oxonium salt); but in dilute aqueous 
solution the enormous excess of water and its more highly basic 
character lead to essentially complete destruction of the ester-acid 
complex. 

In the acetic acid system (Fig. 2), on the other hand, the freezing- 
point depressions obtained with acid and ester together are, at 
the higher concentrations examined, appreciably less than the 
sum of those obtained with the two solutes separately. The same 
results are given by the trichloroacetic and chloroacetic acid systems, 
the difference at equivalent concentrations (e.gr., 1 mol, %) increasing 
with the strength of the acid. This might be argued to indicate 
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that a small fraction of the ester-acid complex does, after all, 
escape decomposition, the fraction increasing with the strength 
of the acid. On this basis, the results for the hydrochloric acid 
system alone would have to be regarded as abnormal. Altern¬ 
atively, the three freezing-point depression curves in a system 
containing an organic acid may be considered as not strictly com¬ 
parable, owing to differences in internal pressure and association 
factors. It is significant, in this connexion, that chloroacetic and 
acetic acids,already give small positive deviations from Raoult’s 
law in concentrated aqueous solution, before any addition of ester.. 

Fig. 2. 


System : ethyl acetate-acetic acid . Water as solvent . 



Mol . per cent, of solute. 

I Acetic acid . II Ethyl acetate (prolonged as ideal curve beyond saturation), 
III Ethyl acetate + acetic acid ( experimental ). IV Sum of I and II. 

Before this question is discussed further, the conductivity and 
velocity of reaction results for equimolecular mixtures of ethyl 
acetate with the four acids will be presented. A final feature of 
the freezing-point depression curves may be noted here : the 
maximum concentration that can be investigated varies very 
remarkably in the four systems. It is not possible, of course, to 
cany out exact solubility measurements under the conditions of 
experiment, hut the approximate molecular concentrations at 
which two liquid layers first persist, when equivalent quantities 
of ethyl acetate and acid are added to water at 0°, are as follows: 

Ester Ester -f Ester -f Ester-f Ester -f- 

• , • HCL CCVCO a H. CH 2 Cl’CO g H. ch 3 *co 2 h. 

2*2 ... 2-55 1*1 1*75 2*75 

It would be hazardous to offer even a tentative explanation of 
,P$ee solubility changes. If the second phase were fixed (as in 
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the ease of a solid solute), an increase in solubility could be inter¬ 
preted as indicative of compound formation. In the present 
instance, however, the saturating phase is not pure ethyl acetate, 
but a second liquid layer containing dissolved water and acid, so 
that no general comparison can be made. The run of the figures 
is certainly very curious, the strongest and weakest acids causing 
increased solubility and the intermediate acids decreased solubility. 
The 50% decrease of solubility in the presence of trichloroacetic 
acid, a substance perfectly miscible with both ester and water, is 
particularly mystifying. 

Fig. 3; 


System : ethyl acetate-hydrochloric acid . Specific conductivities and reaction 
velocities in aqueous solution at 0°. 



Mol. per cent, of solute. 

I Hydrochloric acid. II Hydrochloric acid + ethyl acetate. Ill Reaction 
velocities ; equimolecular ester-acid solutions . 


Specific Conductivity Determinations . 

A General Radio Co. audio-oscillator, giving a nearly pure sine- 
wave alternating current at a frequency of 1000 per second, was 
used as the source of current. With solutions of high resistance 
a sharper minimum was obtained by inserting a two-stage thermionic 
amplifier (compare Hall and Adams, J. Amer. Client. Soc., 1919, 
41,1515). The bridge was a Leeds and Northrup 4*7 metre circular 
slide-wire instrument, with resistance coils from 0*1 to 10,000 ohms, 
Baldwin type G telephones were employed. 

The conductivity cells were of the Washburn dumb-bell type, 
with unplatinised electrodes. Their constants, 128*66 and 0*3094 
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respectively, were determined according to the directions of Kraus 
and Parker (J. Amer. Ghent . Soc ., 1922, 44, 2422). Small variable 
air condensers were used across the resistances to balance out the 
cell capacity. All measurements were made in a large bath of 
cracked ice and water, the temperature of which was constant 
at — 0*02 ± 0*005°. Conductivities taken at known time intervals 
after mixing the acid-ester solutions showed that in no case was 
it necessary to extrapolate back to zero time, hydrolysis at 0° 
being sufficiently slow to exercise no significant effect during the 
time of measurement. 


Table II. 

Specific Conductivities of Ester-Acid Solutions at 0°. 


Solutes. 


j 

'Mol. % 

0*157 

0-242 

0*396 

0*588 

0*817 

1*056 

Hydrochloric acid 4 

K X 10 2 

2*158 

3*294 

5*283 

7*693 

10*47 

13*23 

Mol. % 

1*298 

1*799 

2*105 

2*753 


1 

[k X 10 2 

15*93 

21*12 

24*05 

29*68 




fMol. % 

0*099 

0*199 

0*271 

0*461 

0*637 

0*644 

Hydrochloric acid 

1 K X 10 3 

1*321 

2*633 

3*503 

5*646 

7*468 

7*525 

-j- ethyl acetate 

[Mol. % 

0*857 

0*899 

1*155 

1*699 

1*923 

2*521 

Ux 10* 

9*490 

9*860 

11*81 

15*29 

16*69 

19*44 


fMol. % 

0*212 

0*270 

0*475 

0*524 

0*738 

0*907 

Trichloroacetic 

[*x 10» 

2*473 

3*082 

5*027 

5*489 

7*235 

8*448 

acid 

[Mol. % 

1*507 







U X 10 2 

11*77 






Trichloroacetic j 

fMol. % 

0*208 

0*414 

0*553 

0*751 

1*104 


acid -f- ethyl acetate 1 

l K X 10* 

2*357 

4*196 

5*214 

6*414 

7*914 



fMol. % 

0*160 

0*338 

0*592 

0*931 

1*360 

1*647 

Ghloroacetic acid - 

1 K X 10 s 
| Mol. % 

2*909 

1*755 

4*354 

1*999 

5*793 

7*180 

8*441 

9*080 


U X 10* 

9*290 

9*707 





j 

fMol. % 

0*228 

0*422 

0*563 

0*883 

1*165 

1*393 

Chloroacetic acid J 

I K X 10® 

3*357 

4*414 

4*922 

5*652 

6*004 

6*129 

+ ethyl acetate 1 

| Mol. % 

1*727 






U X 10® 

6*175 






| 

fMol. % 

0*205 

0*390 

0*619 

0*817 

1*071 

1*174 

Acetic acid -j 

1 K X 10 4 

3*420 

4*644 

5*765 

6*474 

7*264 

7*519 

[ Mol. % 

1*397 

1*744 

2*126 

2*911 



1 

U x 10* 

8*063 

8*731 

9*279 

10*11 




fMol. % 

0*169 

0*306 

0*557 

0*861 

1*112 

1*412 

Acetic acid + 

1 * X 10* 

2*962 

3*736 

4*720 

5*315 

5*563 

5*699 

ethyl acetate 

| Mol. % 

1*795 

2*181 

2*366 

2*723 



U X 10* 

5*698 

5*589 

5*506 

5*306 




The curves for the hydrochloric and acetic acid systems are 
shown in Kgs. 3 and 4. It will be seen that the addition of an 
equivalent quantity of ethyl acetate brings about a considerable 
diminution in the specific conductivity of the acid solutions, the 
effect being more pronounced the higher the concentration. In 
tihe acetic acid system, the reduction is actually sufficient to cause 
& decrease in the specific conductivity at concentrations above 
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1-0 mols. %. The percentage reduction increases as the acidic 
strength decreases, the lowering of specific conductivity for the 
four systems at 1*0 mol. % being : HC1, 16%; CC1 3 ‘C0 2 H, 18%; 
CH 2 C1*C0 2 H, 23%; CH 3 *C0 2 H, 24%. (The increase in the volume 
of the solution due to the addition of ester at this concentration, 
it may be noted, is less than 5%. The reduction in specific con¬ 
ductivity, therefore, is not simply due to dilution.) 

This phenomenon has been noted previously by Griffith and 
Lewis (foe. cii.). The most obvious means of accounting for the 
observed decrease is to assume compound formation of ester with 
acid in the solution. If the ester-acid complex R*CO*OR/,HX 

Fig. 4. 


System: ethyl acetate-acetic acid. Specific conductivities and reaction 
velocities in aqueous solution at 0°. 



Mot. per cent, of solute. 

I Acetic acid , alone. II Acetic acid-\- ethyl acetate. Ill Reaction velocities: 
equimolecular acid-ester solutions. 

remained non-ionised, then its formation would lower the con¬ 
centrations of both H + and X”, whilst if it were an electrolyte the 
main factor would be the replacement of the rapidly-moving ion H> 
by the less mobile complex [R*CO*OR' 5 H] + . Two alternative 
explanations, however, must also be considered : (a) the addition 
of ester may cause a decrease in the dielectric constant of the 
solution and so reduce the extent of ionisation of the acid, or ( b) the 
addition of ester may simply decrease the mobility of the ions 
without changing their nature (compare alcohol-water mixtures, 
Godlewski, Z, physikal, Ghent., 1905, 51, 751). 

None of these three explanations is in entire harmony with the 
freezing-point depression results already recorded for the same 
systems. The extent of compound formation demanded by the 

VOL, CXXVII. 3 P 



1786 KENDALL AND KING : ADDITIVE COMPOUNDS IN 

first is much, greater than that indicated by the freezing-point 
curves for the three organic acids, while the hydrochloric acid data 
are in direct conflict with any assumption of ester-acid complex 
survival in the system. Under the second explanation, not only 
are the observed freezing-point depression curves abnormal in 
the case of the two strong acids, but it is necessary to assume an 
enormous decrease in the dielectric constant for the addition of a 
small amount of ester. The following experiments may be regarded 

Fig. 5. 

Specific conductivities of ethyl acetate-salt solutions at 0°. 



0 0*4 0*8 1*2 1*6 2*0 

MoL per cent, of solute . 

I Potassium chloride, alone . H Potassium chloride 4- ethyl acetate .' 
IH Potassium acetate , alone. TV Potassium acetate -f- ethyl acetate . 

as definitely eliminating these two hypotheses, and thereby increasing 
the likelihood that the third is, in general, valid. 

The effect of addition of ester on the specific conductivities of 
neutral salt solutions may first be considered. Potassium chloride 
and potassium acetate were selected as typical derivatives of a 
strong and a weak acid respectively, and the determinations, carried 
out exactly as in the case of the acid solutions, are summarised in 
Table HI and Pig. 5, 

It is evident from Fig. 5 that the addition of ester decreases the 
specific conductivity of a neutral salt solution just as effectively 
as it does that of an acid solution. At a concentration of 1*0 mol. % 
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Table III. 

Specific Conductivities of Ester-Salt Solutions at 0°. 

SolUt€8 . 


f Mol. % 

! k x io 3 

Potassium chloride -I |^ 0 i cy o 
Ux’lO 2 

0-167 

0-688 

1-424 

5-132 

0-372 

1-424 

1-820 

6-521 

0-523 

1-969 

0-755 

2-798 

0-965 

3-535 

1-172 

4-259 

Potassium chloride /'Mol. % 
+ ethyl acetate \k X 10 2 

0-204 

0-780 

0-390 

1-388 

0-645 

2-131 

1-000 

3-027 

1-396 

3-892 

1-540 

4-183 

[Mol. % 

^ + 1 K X 10 2 

Potassium acetate -j <y o 

U X*10° 2 

0-245 

0-688 

1-458 

3*298 

0-479 

1-270 

1-735 

3*775 

0-597 

1*547 

0-829 

2-063 

1- 046 

2- 507 

1-345 

3*091 

(Mol. % 

Potassium acetate ) k X 10 2 
+ ethyl acetate 1 Mol. % 

U X io 2 

0-215 

0-587 

1- 532 

2- 628 

0-360 

0-919 

0-575 

1-344 

0-797 

1-717 

1- 039 

2- 063 

1- 256 

2- 333 


the decrease for potassium chloride is 17%, and for potassium 
acetate 18%. Now there is certainly no compound formation 
between the ester and the neutral salts in the solution to the extent 
indicated by these figures. We must consequently conclude that 
the decrease in specific conductivity induced by the presence of 
the ester is due to some general effect, quite unconnected with the 
formation of specific additive compounds. 

A choice between the second and the third hypothesis is possible 
through hydrogen-ion concentration measurements. If the decrease 
in specific conductivity is due to a lowering of the dielectric con¬ 
stant, the hydrogen-ion concentration of the solution should diminish 
when ester is added, whereas a mere diminution in ionic mobilities 
should leave the hydrogen-ion concentration unchanged. Un¬ 
fortunately, attempts to obtain direct hydrogen-ion concentration 
determinations by the hydrogen electrode method gave inconclusive 
results, since it was found that the potential of the hydrogen-ion 
electrode in a freshly prepared acid-ester solution at 0° was practic¬ 
ally the same as in the same solution after hydrolysis had run to 
completion, or as in a solution containing equivalent quantities 
of the hydrolysis products, acetic acid and ethyl alcohol. Appar¬ 
ently the hydrolysis is catalysed so rapidly by the platinum black 
that in the immediate vicinity of the electrode equilibrium con¬ 
ditions are reached almost instantaneously. This point is being 
studied further, with modifications of method. 

The matter may be decided indirectly, however, by determining 
the effect of the addition of ethyl acetate on the rate of sucrose 
inversion in an acid solution. Previous experiments by Coppadoro, 
{Gazzetta, 1901, 31, i, 425) with methyl acetate suggested that a 
considerable reduction does occur, but Henri and des Bancels 

3 P 2 
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( Compt . rend . Soc. Biol. x 1901, 53, 784) and Griffith and Lewis 
(loc. cit.) agree that the same ester exercises practically no influence. 
With ethyl acetate the following results at 0° were obtained : 


Mol. % of solutes. Inversion constant. 

I. Sucrose 1*5; HC1 1*5 .... 0*01045 

II. Sucrose 1*5; HC1 1*5; ethyl acetate 1*5 ............ 0*01035 


The inversion was followed in a Schmidt and Haensch polari- 
meter, reading to 0*01°. The solutions were placed in a 220 mm. 
tube, immersed in a bath kept at 0 db 0*01° and fitted as described 
by Nelson and Beegle ( J. Amer. Chem. Soc. 9 1919, 41, 559). The 
inversion constants given above have an accuracy of ± 1%> so 
it is clear that addition of ester induces practically no change in 
the rate of inversion and presumably, therefore, no significant 
change in the hydrogen-ion concentration of the solution. Dimin¬ 
ution of ionic mobility is consequently to be regarded as the probable 
cause of the lowering in specific conductivity recorded in Tables II 
and in. 


Determinations of Velocity of Hydrolysis. 

The rates of hydrolysis of ethyl acetate at 0° in the presence 
of equivalent quantities of the four acids up to the saturation 
concentration are given in Table IV below. The curves for the 
hydrochloric and acetic acid systems are shown also in Figs. 3 
and 4. The course of the hydrolysis was followed by the usual 
method of withdrawing samples from the bath at intervals and 
titrating against potassium hydroxide, standardised against hydro¬ 
chloric acid and free from carbonate. The time required for 
solutions of the weaker acid to reach equilibrium varied from 
I to 8 weeks. In a few instances, it was necessary to determine 
the end value by raising the temperature to 25° for a time and 
then returning to 0° for a week or so to* obtain a final adjustment. 
In view of the very small change with temperature of the position 
of the equilibrium point in ester hydrolysis, no significant error 
could be introduced by this hastening of the reaction. 

The variation in the rate of hydrolysis, k, for the three stronger 
acids approximated 1% in a single run. Duplicate runs agreed 
also within this limit. For the acetic acid solutions, where hydro¬ 
lysis proceeded extremely slowly, the variation was as much as 
2 - 3 %. 

For simplicity, the reaction is treated here as if it were of a 
simple ummolecular type, and all the constants are calculated 
on that basis. Griffith and Lewis (J., 1908, 109, 67) have shown, 
it & true, that the hydrolysis must finally be regarded as bimole- 
and reversible, but space does not permit us to discuss in 
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detail here the complete analysis of our data according to their 
equations. This matter will be taken up in full in a later paper; 
it will suffice to state at this stage that the general conclusions 
developed below are substantially unchanged under the more rigid 
method of calculation. 


Table IV. 

Reaction Velocities in Ester-Acid Solutions at 0°. 


Solutes. 

Ethyl acetate + /Mol. % 0-271 

hydrochloric acid \h X 10 a 0-440 

Ethyl acetate + /Mol. % 0-293 

trichloroacetic acid {h X 10 a 0-440 

Ethyl acetate + f Mol. % 0-294 
chloroaeetic acid \Jc X 10 3 0-484 

Ethyl acetate + /Mol. % 0-316 
acetic acid \k X 10 4 0-444 


0-598 

0-970 

1-151 

1-597 

1-909 

0-966 

1-62 

1-91 

2-74 

3-26 

0-615 

0-816 

0*922 

1-089 


0-902 

1-15 

1-29 

1-45 


0-670 

0-923 

1-240 

1-412 

1-677 

0-754 

0-855 

0-952 

0-984 

1-04 

0-742 

1-170 

1-496 

1-926 

2-541 

0-644 

0-829 

0-934 

0-987 

1-015 


From the velocity coefficient curves for the hydrochloric acid 
system in Fig. 3 it will be seen that the rate of hydrolysis increases 
much more rapidly than the specific conductivity, and more rapidly 
indeed than the molecular concentration of the acid. This may 
be interpreted in two ways. First of all, it may be regarded as 
indicative of the fact, already noted in the freezing-point depression 
curve, that the “ activity 55 of the hydrogen ion increases more 
rapidly than the acid concentration, even when this is expressed 
in molecular units. Alternatively, it may be construed, according 
to the theory that the non-solvated hydrogen ion alone is catalytic- 
ally active (recently revived by Rice, J. Amer. Chem. Soc 1923, 
45, 2808), as signifying that the non-hydrated fraction of the 
hydrogen ion increases steadily as the concentration of the two 
solutes is increased, owing to the diminishing concentration of 
free water present in the solution. The two statements are not 
mutually exclusive, in all probability, but merely different methods 
of expressing the same situation. 

The curve for the acetic acid system (Fig. 4), on the contrary, 
shows a velocity coefficient increasing less rapidly than the specific 
conductivity of the acid in the absence of ester, although more 
rapidly than the specific conductivity of the acid in the presence 
of ester. A maximum reaction velocity is obtained at about 
2-4 mols. %: Just as in the case of the freezing-point depression 
data, the curves for the trichloroacetic acid and chloroaeetic acid 
systems are similar in character to that for acetic acid, although 
their rate of change of slope becomes less and less rapid as the 
strength of the acid is increased. 

Further discussion of the rate of reaction curves would not be 
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profitable at this point, inasmuch as no quantitative comparison 
can be made between them and the specific conductivity curves 
until density and viscosity data for the solutions are available. 
These data will also render it possible to transpose the measure¬ 
ments here recorded to volume concentration units, and to utilise 
the results of previous workers. Whilst the conclusions drawn from 
this investigation are only preliminary and qualitative, yet the 
use of molecular concentration ratios has enabled several important 
deductions to be made. The main points of the work may be 
summarised briefly as follows : 

Summary . 

(1) Ethyl acetate gives a “ pseudo-ideal ” freezing-point depres¬ 
sion curve in aqueous solution, and must consequently be extensively 
hydrated. 

(2) The freezing-point depression caused by equivalent quantities 
of ethyl acetate and hydrochloric acid taken together is greater 
than the sum of the depressions due to the two separately. It 
follows that ternary complexes and ester-acid additive compounds 
are not existent in significant quantity in the aqueous solution. 
This conclusion is supported by specific conductivity data. 

(3) Although the freezing-point depression curves obtained for 
trichloroacetic, chloroacetie, and acetic acids with ethyl acetate 
appear to indicate the survival of some ester-acid complex, yet 
the specific conductivity results in these systems also demonstrate 
decisively that no appreciable fraction actually persists. The 
freezing-point curves with these organic acids are presumably not 
strictly comparable, owing to internal pressure and association 
changes. 

(4) The specific conductivity of a neutral salt, as well as of an 
acid, in aqueous solution is lowered by the addition of ethyl acetate. 
This lowering is due to diminished ionic mobilities. 

(5) The rate of hydrolysis of ethyl acetate in the presence of 
hydrochloric acid in equivalent quantity increases more rapidly 
than the molecular concentration of the acid. With weaker acids, 
the rate of hydrolysis increases less rapidly. In fact, the curve 
for acetic acid shows a maximum rate near the saturation point. 

(6) The solubility of ethyl acetate in water at 0° varies very 
remarkably when electrolytes are also present in equivalent quantity. 

(T) The rate of inversion of sucrose in hydrochloric acid solution 
at 0° is not affected by the addition of ethyl acetate. Inasmuch as 
the rate of ester hydrolysis is greatly increased by the addition of 
imcixwe, it is clear that the mechanisms of the two reactions must 
he fundamentally different. 
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In conclusion it must be emphasised that, although it has been 
demonstrated that ester-acid additive compounds and ternary 
complexes of these with water do not exist in quantity in aqueous 
solution, yet this cannot be considered as proof that such com¬ 
pounds do not constitute intermediate steps in the reaction. An 
infinit e s imal quantity of a compound at any one time would suffice 
for this purpose, its very instability serving, indeed, as a potent 
factor in the catalysis. The minimal extent to which these ester- 
acid compounds survive precludes further study of them by the 
freezing-point depression method, but valuable results are promised 
from a more intensive study of compounds of the type ester-water. 
The factors influencing the stability of compounds of this general 
type R*C0 2 R',H 2 0 in the presence of an acid HX as R, R', 
and X are varied, will be discussed in a forthcoming paper. 

Columbia University, 

New York City. [Received, May llth, 1925.] 


CCXXXVIL —The Preparation of Phthalamic Acids 
and their Conversion into Anthranilic Acids , 

By Ernest Chapman and Henry Stephen. 

Phthalamic acid results from two additive reactions: (a) from 
water and phthalimide (Aschan, JBer., 1886, 19, 1403), and ( b ) from 
ammonia and phthalic anhydride (Auger, Bull. Soc. chim 1888, 
49, 349). 

The modification and extension of Auger’s method now described 
show that reaction (6) affords phthalamic acids in excellent yield. 
Since these acids react smoothly with sodium hypochlorite, anthr¬ 
anilic acids become readily accessible. Anthranilic acid and 
4; 5-dibromoanthranilic acid are readily obtained from the corre¬ 
sponding anhydrides.* 

Unsymmetrical phthalic anhydrides, according to reaction (6), 
may give rise to one or both of two isomeric phthalamic acids, and 
it is of interest to discover (1) which amic acid is produced, alone 
or in the greater quantity, and (2) whether this amic acid is the same 
as that formed as chief product from the corresponding imide accord¬ 
ing to (a). The behaviour of 3- and 4-nitrophthaIic anhydrides has 
been investigated from this point of view. 

3-Nitrophthalic anhydride yielded exclusively 3-nitrophthaiamic 
acid (I) (X = NHg), which gave, in 90% yield, the 3-nitroanthr- 
anilie acid (II) obtained in small yield by Hubner by treatment of 

* The carboxyl group of phthalamic and anthranilic acids is numbered I 
and the amide or amine group 2, 
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“ (3-nitrosalicylic ester 5> with ammonia (Annalen, 1S79, 195, 37). 
Since 3-nitrophthalimide is converted by Hofmann's method almost 
entirely into 6-nitroanthranilic acid (IV) (Seidel, Ber., 1901, 34, 
4352; Seidel and Bittner, Monatsh ., 1902, 23, 415; Kahn, Ber., 
1902, 35, 472), its preliminary hydrolysis must yield 6-nitrophthal- 
amie acid (III).* The addition of methyl alcohol to 3-nitrophthalic 
anhydride is similar to that of ammonia (compare Wegscheider and 
Lipschitz, Monatsh ., 1900, 21, 796). 


^£>2 r<o 

/\/ G0 X X 

I I o+l 

\/\co/ H 

(X = NH 2 ,OMe) 
NO a 

/\/ >< OH 

II nh + 


NO, 


/Ncox 

\Jco. 2 s. 

(I.) 


A 


no 2 

/Nco 2 h 

conh 2 


(in.) 


no 2 

Affls 

i x/ iC0 2 H 

(II.) 

no 2 

►o&? 

(IV.) 


A comparison of these reactions shows that the negative com¬ 
ponent of the added molecule attaches itself to the carbonyl in the 
ortho-position to the nitro-group, and fission in all cases takes place 
at the same bond. 

4-Nitrophthalic anhydride treated according to (5) gave an 
inseparable mixture of 4- and 5-nitrophthalamie acids (V and VI). 
The orientation and relative amounts of these acids were deter¬ 
mined by conversion into the 4- and 5-nitroanthranilic acids (VII 
and VIII). These were obtained in the proportion of 2 to 3, whereas 
4-nitrophthalimide gave the same mixture of acids but in the 
proportion of 4 to 1 (Seidel and Bittner, loc. cit.). This case is there¬ 
fore parallel with that of the 3-nitro-eompounds above, since the 
amic acid produced in greater yield by (b) is obtained in smaller 
yield by ( a ) and vice versa . The modes of addition which pre¬ 
dominate in each reaction are as follows : 


H 


\/\coX NH * 


no 2 X\co 2 h 

1IcO-NH 2 

(VI.) 


no 2 /\co 2 h 

'vJnb* 

(vm.) 


* Bogeri and Boroschek (J. Amer. Chem. 8oc., 1901, 23, 740) prepared 
this acid by the action of baryta on 3-nitrophthalimide, but wrongly described 
it as 3-mtropMhalanue acid. Kahn (ibid., p. 3866) proved conclusively that 
it was 6-nitrophthalamic acid identical with the acid obtained by the action 
anamomaon <{ 3-nitrophthaI-j3-meth5rI ester.” 
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NO. 


/%/ co \ 


V- 


Nx> 


* m+ l 


H 


no 2 /\co-nh 2 

l^^COaH 

(V.) 


no/Nnh, 


x/ C0 2 2 h 

(vn.) 


Here the negative components of the added molecules become 
attached to the carbonyl in the para-position relatively to the nitro- 
group. 

In each of the cases considered, the course of the reactions cor¬ 
responds with that observed with camphoric anhydride and camphor- 
imide, the former with ammonia (reaction b) giving a-camphoramic 
acid, whilst the latter on alkaline hydrolysis (reaction a) gives 
p-eamphoramic acid (see Lapworth, “ On the Constitution of 
Camphor,” Brit. Assoc. Reports , Section B, 1900, p. 6). 


Experimental. 

Phthalamic Acid. —Phthalic anhydride (60 g.), added gradually 
with stirring to warm aqueous ammonia (90 c.c.; d 0-88), dissolved 
readily with considerable evolution of heat, and ammonium phthal- 
amate separated in fine, white crystals, the amount increasing on 
cooling (yield 70 g.; 94%) (Found : NH 3 , 18*7. C 8 H 10 O 3 lSr 2 requires 
NH 3 , 184%). The salt was readily soluble in water, and was con¬ 
verted into phthalimide at about 200° without fusion. Phthalamic 
acid was obtained by treating the ammonium salt (30 g.) in cold 
water (30 c.c.) with a slight excess of the equivalent quantity of 
concentrated hydrochloric acid (20 c.c.) and washing the crystal¬ 
line paste produced with cold water until it was free from 
chloride (yield 22 g.; 81%). The acid melted at 149° with loss of 
water, solidified at 155°, and remelted at 231° (phthalimide). 
Aschan (loc. cit.) and Auger (loc. cit) give m. p. 149° and 140° 
respectively. Aqueous solutions of the acid are more stable at the 
ordinary temperature than would be expected from Aschan’s 
statements. 

Anthranilic Acid from Phthalamic Acid. —The “ standard sodium 
hypochlorite solution ” employed in this and all other cases to be 
described contained 47 g. of sodium hypochlorite and 50 g. of sodium 
hydroxide per litre. 

Well-powdered phthalamic acid (20 g.) was gradually added to 
the stirred, cooled standard hypochlorite solution (200 c.c.), which 
became dark reddish-brown. Sodium hydroxide (10 g.) dissolved 
in water (50 c.c.) was now added, the mixture warmed at 80° for 
a few, minutes, cooled, and acidified with acetic acid. The anthr¬ 
anilic acid isolated by means of copper acetate and liberated from 
the copper salt with hydrogen sulphide melted at 145°. 

' ' 3 P* 
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4 : 5-Dibromophihalamic Acid. —4:5-Dibr omophthalic anhydride,* 
prepared by boiling the corresponding acid with acetic anhydride 
for several hours, separated from the filtered solution on cooling 
in fine, buff-coloured needles, m. p. 204—208°. Blumbein (Ber., 
1884, 17, 2490) gives m. p. 208°, Lesser and Weiss (Ber., 1913, 
46, 3937) give 214—215°. Ammonium 4 : 5-dibromophthalamate 
■was obtained in pale brown crystals (15*5 g.; 91%) by treating the 
anhydride (15 g.) with concentrated aqueous ammonia (22 c.c.). 
On heating, it partly melted at 227° with loss of water and ammonia, 
resolidified a few degrees higher, and remelted at 238—242° (the 
m. p. of 4: 5-dibromophthalimide is given as 242—245° by Bruck, 
Ber., 1901, 34, 2741, and as 245—246° by Lesser and Weiss, loo. oil .; 
see also below). 4 : o-Dibromophthalamic acid was obtained from 
the ammonium salt by addition of acid (yield 93%) (Found: Br, 
49*6. C 8 H 5 O a NBr 2 requires Br, 49-5%). It softened with loss of 
water at 215—216°, being converted into the imide. Its aqueous 
solution reacted acid to litmus. 

4: 5-DibromopMhalimide was obtained in glistening yellow 
needles, m. p. 242—243° (Found: Br, 52*85. Calc., Br, 52*4%) 
by fusing the above amic acid and crystallising the product from 
alcohol. 

4: 5-Dibromoanthranilic Acid. —Dibromophthalamic acid (10 g.; 
1 mol.) was added as before to standard hypochlorite solution 
(50 c.c.), and the yellow solution, after addition of sodium hydroxide 
(3 g.; 2 mols.) in water (20 c.c.), warmed to 80°, the colour becoming 
deep red. The 4 : 5-dibromoanthranilic acid precipitated from the 
solution, when cold, by a slight excess of hydrochloric acid crystal¬ 
lised from dilute alcohol as a pale brown powder, m. p. 224° (decomp.) 
(8*5 g.; 94%) (Found: Br, 54*4. Calc., Br, 54*2%). Lesser and 
Weiss (loc. cit.) give m. p. 228—229°. The acid is almost insoluble 
in cold water, slightly soluble in hot water, and dissolves in the 
usual organic solvents except benzene, chloroform, and ligroin. 

Treatment of the acid with acetic anhydride gave 4: 5-dibromo-2- 
acetylaminobenzoic acid, fine, buff-coloured needles from dilute 
alcohol, m. p. 240° (Found: Br, 47*3. C 9 H 7 0 3 NBr 2 requires 
Br, 47*4%). Lesser and Weiss ( loc. cit., p. 3944) state that they 
obtained the acetyl derivative of the anhydride of the acid, m. p. 
184—185°. 

* 4^ydndes of dibasic acids are conveniently and rapidly prepared in 
almost quantitative yield as follows. The finely powdered, dry sodium 
hydrogen salt (I mol.) is warmed with thionyl chloride (3 mols.) for J hour, 
and the excess of thionyl chloride removed by distillation. The residue of 
anhydride and sodium chloride is boiled with benzene, and the solution filtered, 
the pure anhydride crystallising from the filtrate.—H. S, 
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3- and 4-A itrophihalic Anhydrides. —The corresponding acids 
were obtained by nitrating phthalic anhydride by Lawrence’s 
method (J. Amer. Chem. Soc., 1920, 42, 1872). An attempt to 
convert the 4-nitro-acid into its anhydride by heating at 165—168° 
for 3 hours as described by Lawrence (be. cit.) proved unsatisfactory, 
the product containing much unchanged acid. Both anhydrides 
were fina lly obtained by fusing the acids and then reducing the 
pressure to 22 mm. The temperature (thermometer in the liquid), 
210—230° for the 3-nitro-aeid and 170—180° for the 4-nitro-acid, 
was maintained for 1 hour. The brown melts crystallised on 
cooling, and after recrystallisation from acetic anhydride or acetyl 
chloride, 3-nitro- and 4-nitro-phthalic anhydrides were obtained 
which melted at 163—164° and 115°, respectively, as stated by 
Lawrence. 

3- Nitrophthalamic Acid. —The ammonium salt and the acid were 
obtained from the anhydride (30 g.) and concentrated aqueous 
ammonia (45 c.c.) by the methods previously described (yield 87%). 
The ammonium salt consisted of fine, white needles, m. p. 172° 
(decomp.), giving 3-nitrophthalimide, m. p. 217—218° (Bogert and 
Boroschek, loo. cit. , m. p. 215—216°; Kahn, Ber., 1902, 35, 471, 
m. p. 216°). 3-N itrophthalamic acid softens with loss of water at 
168—174°, being converted into the imide. It is sparingly soluble 
in cold and readily in hot water. 

Z-Nitroanthranilic Acid .—Finely powdered 3-nitrophthalamie 
acid (10 g.; 1 mol.) was treated with 75 c.c. of standard hypochlorite 
solution (1 mol. NaOCl) in the usual way, and sodium hydroxide 
(4 g.; 2 mols.), dissolved in water (10 c.c.), was added to the yellow 
solution. When the mixture was warmed at 80°, its colour gradually 
became brick-red and a bright red precipitate of sodium 3-nitro- 
anthranilate separated. Sufficient water was added to the cooled 
mixture to dissolve the salt, and treatment with a slight excess of 
concentrated hydrochloric acid precipitated 3-nitroaathranilic acid 
as a bright yellow, crystalline powder (7*8 g.; 90%). The acid 
was obtained in fine, yellow needles, m. p. 208—209°, from hot 
water (Hubner, loc. cit. 9 gives m. p. 204°); in other respects the 
properties of the acid agree with those described by Hubner. 
Reduction of the acid with stannous chloride showed no indication 
of the formation of a derivative of m-phenylenediamine, and hence 
the absence of 6-nitroanthranilic acid. 

Z-Nitro-2-acetylaminobenzoic acid, obtained by boiling the above 
acid (2 g.) with acetic anhydride (4 c.c.) for 5 minutes, crystallised 
from hot water or acetic acid in bright yellow, silky needles, m. p. 
180—181° (Found: N, 12*6. C 9 H 8 0 5 N 2 requires N, 12*5%). 

4- and 5-Nitrophthalamic Acids .—A mixture of the ammonium 

3 b* 2 
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salts of these acids was obtained by dissolving 4-nitrophthalic 
anhydride (60 g.) in warm aqueous ammonia (90 e.c.). The product 
(50 g.), consisting of fine, white needles, melted at 190—192° with 
decomposition, solidified, and remelted at 197—198°, having been 
converted into the imide (Bogert and Boroschek, loc. cit., and 
Seidel and Bittner, loc. cit., give m. p. of 4-nitrophthalimide as 
197° and 202°, respectively). The mixture of 4- and 5-nitro- 
phthalamic acids was obtained in almost theoretical yield by addi¬ 
tion of concentrated hydrochloric acid (40 c.c.) to the ammonium 
salts (48 g.) in water (60 c.c.). Attempts to separate the acids were 
unsuccessful. The mixture melted at 150—155° with loss of water, 
resolidified and remelted at 198°, since both acids yield 4-nitro¬ 
phthalimide. 

4- and 5-Nitroanthranilic Acids. —A mixture of these acids was 
obtained by treating the above mixture of phthalamic acids (35 g.) 
with standard hypochlorite solution (266 c.c.) as described in the 
previous case. Acidification of the resulting red solution gave a 
mixture (22 g.; 73%) of yellow and orange particles, m. p. 250— 
260° (decomp.). A portion of the mixture (15 g.) was extracted 
in a Soxhlet apparatus for 2 days with boiling xylene, which became 
orange-red. The insoluble, pale yellow residue of 5-nitroanthranilic 
acid, amounting to 60% of the original mixture, crystallised from 
dilute alcohol in glistening, yellow needles, m. p. 280°, agreeing with 
m. p. given by Seidel and Bittner {loc. cit.). The m. p. of 5-nitro¬ 
anthranilic acid is also variously given as follows : 263° (Hubner, 
loc. cit.); 270° (Rhalis, Annalen, 1879,198,112); 261—263° (Kratz, 
J. pr. Ghent., 1896, 53, 222); 263° (Rupe, Ber., 1897, 30, 1097); 
269*5° (Ullmann and TJzbachian, Ber., 1903, 36, 1802), The acid 
showed the characteristic reactions described in the literature for 
5-nitroanthranihc acid, and was converted into 5-mtro-2-acetyl- 
aminobenzoic acid, melting at 216—217°, by boiling with acetic 
anhydride. Seidel and Bittner (loc. cit.) and Ullmann and Uzbachian 
(loc. cit.) give, respectively, 214—215° and 221° as the melting point 
of the acetyl derivative. 

The xylene solution obtained above left on evaporation a deep 
orange, flaky mass (40% of the original mixture) of 4-nitroanthr- 
anilic acid containing a little of its isomeride. Attempts to purify 
the acid by repeated crystallisation from alcohol as described by 
Seidel and Bittner (loc. cit.) were unsuccessful, as the final product 
melted indefinitely between 237—240°, and was evidently still a 
mixture. It was therefore converted into the acetyl derivative by 
boiling with acetic anhydride for a few minutes. The crude product 
melted at 190—495°, but after crystallising several times from dilute 
alcohol, 4-mtro-2-acetylaminobenzoic acid was obtained in long, 
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slender needles, m. p. 217° (Seidel and Bittner, loc. cit., give 188°; 
Wheeler and Barnes, Amer. Chem. J ,, 1898, 20, 229, give 215°)! 
A solution of the acetyl compound in a small quantity of hot alcohol 
was boiled with a few c.c of concentrated hydrochloric acid; on 
cooling, pale yellow needles of the hydrochloride of 4-nitroanthr- 
anilic acid separated. 

The hydrochloride was dissociated by water and the 4-nitroanthr- 
anilic acid produced crystallised frbm dilute alcohol in stout, deep 
orange prisms, m. p. 269° (Wheeler and Barnes, loc. cit., Wheeler 
and Johns, Amer. Chem. J., 1910, 44, 443, and Seidel, Ber ., 1901, 
34, 4352, give the m.p. of 4-nitroanthranilic acid as 264°). 4-Nitro- 
anthranilic acid was difficultly soluble in hot water, and on reduction 
with stannous chloride and hydrochloric acid gave an indication of 
the formation of a derivative of m-phenylenediamine. 

It is desired to acknowledge a grant made to one of us (E. C.) 
by the Department of Scientific and Industrial Research, which 
enabled him to participate in this work. 

The University, Manchester. [Received, May 19th, 1925.] 


COXXXVIII .—Derivatives of %-o-Aminohenzoylvaleric 

Acid . 

By Margaret Joyce Paterson - and Sydney Glenn 
Preston Plant. 

The acid, m. p. 129°, obtained by Perkin and Plant (J., 1923, 123, 
678) and thought to be 8-o-aminobenzoylvaleric acid, 
NH 2 *C ft H 4 *G0-[CH 2 ] 4 -C0 2 H, 

has been converted into 8- o -hydroxybenzoylvaleric acid, identical 
with the compound prepared by von Braun (Ber., 1922, 55, 3761) 
by the oxidation of hexahydrodiphenylene oxide, and its constitution 
thus proved. 

8-o-Aminobenzoylvaleric acid cannot be made to yield a phenyl- 
hydrazone, oxime, or semicarbazone under the usual conditions, but 
the corresponding derivatives of 8-o-hydroxybenzoylvaleric acid 
are readily obtained* 

8-o-Benzoylaminobenzoylvaleric acid is converted by alkalis 
into 8-o-aminobenzoylvaleric acid and a small quantity of y-4- 
hydroxy-2-phenylquinoline-3-butyric acid (Perkin and Plant, foe* 
cit.). We now find that S-o-acetylaminobenzoylvaleric acid gives 
better yields of the corresponding y-4~hydroxy-2-methylquinoline- 
3-butyric acid as well as some 8-o-aminobenzoylvaleric acid. 
8- o - Formylaminobenzoylvaleric acid , on hydrolysis under various 
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conditions, gave exclusively 3- o-aminobenzoylvaleric acid, no trace 
of a quinoline derivative being detected. 

Experimental. 

h-o-Hydroxybenzoylvaleric Acid .—The diazo-solution prepared 
from S-o-aminobenzoylvaleric acid (4 g.) in concentrated hydro¬ 
chloric acid (20 c.c.) and water (40 c.c.) by means of sodium nitrite 
(1*3 g. in 15 c.c. of water) was heated on the steam-bath until 
nitrogen ceased to be evolved. The oil produced, which solidified 
on cooling, was boiled in dilute sodium hydroxide solution for 15 
minutes with charcoal. 8-o-Hydroxybenzoylvaleric acid, obtained 
by acidifying the solution with hydrochloric acid, crystallised from 
petroleum in long, colourless needles, m. p. 94°; von Braun {loc. 
cit.) gives m. p. 94° (Found: C, 65*0; H, 6*3. Calc., C, 64*8; 
H, 6*3%). 

The phenylhydrazone, prepared by warming the acid with an 
excess of phenylhydrazine for a few minutes and treating the 
mixture with dilute acetic acid, had, after recrystallisation from 
aqueous alcohol, the m. p. (173°) recorded by von Braun. 

S-o-Acetylaminobenzoylvaleric Acid .—A mixture of S-o-amino- 
benzoylvaieric acid with twice its weight of acetic anhydride was 
heated on the steam-bath for an hour, the excess of acetic anhydride 
removed under reduced pressure, and the residue poured into water. 
The viscous product was boiled in alcohol with charcoal, and the 
§-o~acetylaminobenzoylvaleric acid precipitated, after filtration, hy 
the gradual addition of water was r©crystallised from aqueous 
alcohol, separating in colourless plates, m. p. 153° (Found : C, 64*1; 
H, 6*7. C 14 H 17 0 4 N requires C, 63*9; H, 6*5%). 

A solution of 8-o-acetylaminobenzoylvaleric acid (2 g.) and 
potassium hydroxide (5*5 g.) in water (35 c.c.) was heated for an 
hour on the steam-bath, cooled, acidified with hydrochloric acid, 
and the small colourless precipitate removed. The filtrate yielded 
3-o-aminobenzoylvaleric acid on successive treatment with potassium 
hydroxide and acetic acid. The small precipitate was recrystallised 
from alcohol, when yA-hydroxy-2-metIiylquinoline-3-butyric acid 
was obtained in colourless prisms, m. p. 241° (Found: N, 5*7, 
requires N, 5*7%). 

h-o-Formyhmiriobenzoylvalenc Acid .—S-o-Aminobenzoylvaleric 
acid (3 g.) was heated with formic acid (6 g.) on the steam-bath for 
3 hours under reflux, the excess of formic acid was then allowed to 
escape, and the residue yielded a colourless solid on rubbing with 
alcohol. The product was recrystallised from alcohol and 8-o- 
formyfaminobenzoylvaferic acid separated in colourless plates, m. p. 
160° (Found : N, 5*§. C 13 H 15 0 4 lSr requires N, 5*6%). 
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One of us (S. G. P. P.) wishes gratefully to acknowledge the receipt 
of a grant from the Chemical Society Research Fund which has 
defrayed a part of the cost of this investigation. 

The Dyson Perrins Laboratory, 

Oxford. [Received, June 13 th, 1925.] 


CCXXXIX .—Bismuth Dihydride. 

By Edward Joseph Weeks and John Gerald Frederick Druce. 

Having prepared solid hydrides of arsenic {Ghent. News , 1924, 129, 
31) and antimony (this vol., p. 1069), we turned our attention to 
the analogous solid bismuth dihydride. The method of preparation 
was similar to one employed in the case of antimony dihydride. A 
solution of bismuth chloride in hydrochloric acid was added 
gradually to a mixture of zinc (free from iron, carbon, and arsenic) 
and fairly strong hydrochloric acid which was rapidly evolving 
hydrogen. At each addition of bismuth chloride the evolution of 
gas slackened and could even be made to stop altogether until the 
bismuth chloride was converted into a flocculent, grey precipitate : 
2BiCl 3 -f- 8H—+6HCl. When all the zinc (which was used in 
excess) had dissolved, the liquid was rapidly filtered in an atmo¬ 
sphere of hydrogen, and the precipitate washed many times, first with 
hot strong hydrochloric acid, then with hot dilute acid, and finally 
with water until the wash water was neutral. The residue was 
drained and dried, first in hydrogen and finally in a vacuum 
desiccator over concentrated sulphuric acid. 

On heating in a vacuum, bismuth dihydride gave off hydrogen 
and left metallic bismuth—quite different from the amorphous 
dihydride. 0*9184 G. gave 44 c.c. H 2 , measured at N.T.P., and 
0*9144 g. Bi: H, 0*45; Bi, 99*57. 1*4606 G. lost 0*0088 g. H 2 : 
Bi, 99*39; H, 0*60. On combustion 0*4849 g. gave 0*0235 g. H s O : 
H, 0*54 (Bi 2 H 2 requires Bi, 99*52; H, 0*48%). 

The volume of hydrogen produced was determined as follows: 
The apparatus, with a quicklime tower in series, was twice filled 
with nitrogen (previously passed over red-hot copper) and exhausted 
as completely as possible. The pressure (p) was noted, and the 
dihydride heated until there was no further pressure change. The 
final pressure (P) was noted, the apparatus re-exhausted until the 
pressure was p, and nitrogen, measured at atmospheric pressure* 
added until the pressure P was restored. 

Bismuth dihydride, heated in a tube in absence of air, gave a 
mirror of bismuth just beyond the heated zone. It thus appeared 
that the dihydride might decompose into bismuth and bismuthine : 
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3Bi 2 H 2 ==2BiH 3 +4Bi. (On heating, cuprous hydride decomposes 
into copper and cupric hydride [Barlett and Merrill, Amer. Ghent . J 
1896, 17, 185], and arsenic dihydride into arsenic and arsine [Moser 
and Brukl, Monatsh 1924, 45, 25]), To test this supposition, 
bismuth dihydride was heated in a stream of purified hydrogen. 
The issuing gas produced in silver nitrate solution a grey precipi¬ 
tate soluble in nitric acid. This was presumably silver bismuthide, 
as its nitric acid solution, after removal of silver as chloride, gave 
with hydrogen sulphide a dark brown precipitate, the solution of 
which in warm dilute nitric acid deposited bismuth hydroxide on 
addition of ammonia. 

Bismuth dihydride prepared as described above was free from 
zinc, carbon, and iron, but contained a trace of chlorine (less than 
0*02%, estimated by Volhard’s method). 

Fused potassium nitrate reacted very vigorously with the 
dihydride (as with antimony dihydride), but only slowly oxidised 
finely divided bismuth. 

Battersea Grammar School, 

St. John’s Hell, S.W. 11. [Received, June 17 th, 1925.] 


CCXL .—The Nature of the Alternating Effect in Carbon 
Chains . Part III. A Comparative Study of the 

Directive Efficiencies of Oxygen and Nitrogen Atoms 
in Aromatic Substitution . 

By Eric Leighton Holmes and Christopher Kelk Ingolb. 

That directive action in aromatic substitution is the result of an 
alternating effect transmitted throughout the ring from a bey- 
atom is generally agreed, and a convincing confirmation has 
recently been given by Pyman and Stanley (J., 1924, 125, 2484; 
compare Ann . Report, 1924, pp. 110—111). It is the authors' 
hope to elucidate more precisely the nature of the alternation, 
and to discover, by the close study of different key-atoms, what 
property of them it is that is so effectively propagated. 

In Part I (this voL, p. 513) it was stated (and this is the starting 
point of the present investigation) that whilst Kermack and 
Robinson’s hypothesis of an induced electropolar effect requires 
that oxygen, owing to the greater pre-formation of its octet, should 
predominate over nitrogen as a negative key-atom,* the theory of 
alternating free and bound affinity demands that the more un¬ 
saturated element, tervalent nitrogen, should have greater influence. 

' * For references see Part I. 
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From this theoretical distinction there followed a difference in the 
predicted orienting effect of the nitroso-group, which was determined, 
and found to be in agreement with the affinity theory. It was 
then suggested, however (compare Part II, this vol., p. 870), 

(1) that a group with two competing negative atoms con¬ 
stituted a case too complicated for prediction by the polarity 
principle* (Lapworth), 

(2) that the observed facts could be accommodated by 
means of a different point of view when the atom united to 
the ring contained a “ lone pair ” of electrons (Robinson). 

A group was therefore examined which (a) contained only one 
negative atom, oxygen, (b) was joined to the benzene ring through 
carbon; and again results were obtained indicating that directive 
action depends on the unsaturation rather than the polar character 
of the atom producing it. Since these results were communicated, 
however, a further suggestion has been made (Robinson, Chem. 
and Ind., 1925, 44, 260) which fundamentally affects much of 
the work in progress. It is 

(3) that atoms, previously regarded as negative, such as 
the oxygen atoms of ethers, may, upon occasion, act as positive 
key-atoms by functioning as “ onium 55 elements.f 

Such an occurrence would obviously reverse all the effects to 
be expected on the basis of the polarity theory, which could thus, 
in a given case, be reconciled with results otherwise opposed to it. 

A series of experiments has therefore been instituted which, 
while still adhering to conditions (a) and ( b ) imposed by the earlier 
arguments of Lapworth and Robinson (1) and (2), in addition 
exercises a definite control over the suggestion that “onium” 
action may account for the exceptions to the polar hypothesis.^; 

In order to understand the method employed it is necessary to 
consider the position of toluene and its monosubstituted products 
with regard to the principles both of alternating affinity and of 
alternate polarities. 

It is fundamental to the affinity theory (compare Flurscheim, 
J. pr. Chem., 1907, 76, 197; Chem . and Ind., 1925, 44, 249) that 
carbon exerts valencies of more, or less, than the normal affinity 
content only when compelled to do so by the varying requirements 
of an unsaturated, or over-saturated, attached atom or group 

* That of 1926 was referred to. 

j* For example, by forming salts with the reagent employed. 

J Yet another argument (4), recently advanced by Lapworth, is alluded 
to below (p, 1808). 
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(mechanism of propagation). In toluene, the phenyl group is 
unsaturated (possesses residual affinity), and hence the methyl 
carbon atom is strongly bound, a condition leading to (^-substi¬ 
tution (I). If, now, one of the methyl hydrogen atoms is replaced 
by a feebly unsaturated atom (X), the demand made by this atom 
on the affinity of the carbon atom may be insufficient to counter¬ 
balance the unsaturation of the phenyl group, and again op-substi- 
tution will be the rule (II). On the other hand, if, in place of X, 
a strongly unsaturated atom (Y) be introduced, then the unsatur¬ 
ation of the phenyl group may be overcome, when a condition will 
arise leading to m-substitution (III): 


! H ! H ' H 



Now bivalent oxygen is a feebly unsaturated atom, whilst ter- 
valent nitrogen is strongly unsaturated. Hence, if we consider 
comparatively benzyl alcohols (IV) and benzylamines (V) (using 
these terms in a general sense to include alkyl and acyl derivatives, 
etc.), the former should be more closely represented by condition 
(H), and the latter by condition (EH): 

(IV.) C 6 H 5 —CH 2 —OA C 6 H 5 —CH 2 —NAA' (V.) 

That is to say, the benzylamines should show a greater tendency 
than the benzyl alcohols towards m-direction, as against op-direc¬ 
tion. Of course, if oxonium or ammonium salt-formation were 
to take place op-direction might result, but, whilst benzyl alcohols 
should exhibit op-direction in any event , benzylamines should show 
m-direction if and when salt formation does not occur. It is 
stiU true , therefore , that according to the affinity theory derivatives of 
benzylamine should show a greater tendency towards m~substitution, 
and a smaller tendency towards o^substituiion, than the benzyl 
alcohols , and that m-directive action should never prevail amongst the 
latter . 

On the other hand, according to polarity principles, hydrogen 
is feebly key-positive (Lapworth, Mem. Manchester Phil . JSoc 
1920, 64, No. 3, p. 5); thus, the op-substitution of toluene may 
be explained (VI). If, now, in place of one of the methyl hydrogen 
atoms a weakly negative atom (P) be introduced, this may con¬ 
ceivably be insufficient to counterbalance the effect of the two 
remaining hydrogen atoms, and, in this case, op-substitution will 
still prevail (VII). If, however, a strongly negative atom (Q) is 
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introduced, the influence of the hydrogen atoms should be over¬ 
come and m-direction should ensue (VIII). 




-\ _ /H+ 

Mil 

(VI.) 



(VII.) 


\—/ \h+ 

(vm.) 


Now, if the oxygen atom in benzyl alcohols acts as a negative 
key-atom, it must be assumed to be like “ P ” rather than like 
“ Q,” for benzyl alcohol derivatives display op-substitution (see 
below). It follows, however, from the electronic principles all uded 
to at the commencement that if oxygen is not negative enough 
effectively to control substitution from the position it occupies 
in the benzyl alcohols, then, a fortiori , more feebly negative nitrogen 
in the same position will be unable to do so. Assuming, then, 
that we have to do with negative key-atoms in both cases, there 
should be a greater tendency to op-substitution, and a smaller 
tendency to m-substitution, amongst benzylamines than amongst 
benzyl alcohols. 

Let it now be supposed that these elements act in their ££ onium ” 
forms, that is, as positive key-atoms. This would supply a con¬ 
venient explanation of op-substitution in benzyl alcohols, since 
the methyl carbon atom would now be attached to three positive 
atoms as in toluene. But the same principles which require that 
oxygen shall be more effective than nitrogen as a negative key- 
atom also demand that nitrogen shall be more powerful when 
both are positive (Bobinson, loc. cit.). Bence, in this case also, 
benzylamines should show the greater tendency to op-substitution. 

The only remaining case is that which would arise if, under 
the condition of substitution, oxonium salts could not be formed, 
whilst the more stable, analogous, ammonium salts could; oxygen 
would then be a negative key-atom, but nitrogen might be a positive 
one. Obviously, however, the expected differences would, in this 
case, still be in the sense previously stated, only greater. Thus, 
in all three cases , polarity principles require that benzylamines shall 
show a greater tendency to op -substitution, and a smaller tendency to 
m-substiUdion, than benzyl alcohols . 

It follows, then, that in the comparison of benzyl alcohols with 
benzylamines we have a clear issue, from which the theory of 
“ onium-action 9 * provides no exit. 

Before the commencement of this investigation several observ¬ 
ations had already been made indicating the prevalence of op- 
substitution in benzyl alcohol derivatives of the type 
Thus Beilstein and Kiihlberg ( Annalen , 1868, 147, 341} obtained 
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p-nitrobenzyl acetate by direct nitration of benzyl acetate 
(A = ‘CO'CHg), whilst Staedel (Annalen, 1883, 217, 177) prepared 
several p-nitrobenzyl derivatives by the nitration of benzyl phenyl 
ethers and benzyl tolyl ethers (A ~ Aryl). 

These results have now been generalised by the study of a number 
of new cases, chosen in such a way as to give oxonium salt form¬ 
ation, if it occurs, the greatest possible opportunity to manifest 
its effects. 

As is well known, the stability of ammonium salts (and, it may 
be assumed, of “ onium ” salts in general) is diminished by the 
introduction of an acyl group in the place of an alkyl group (com¬ 
pare the basicity of acetanilide with that of methylaniline); and 
the greater the strength of the acid from which the acyl group is 
derived, the more completely is the salt formation suppressed. 
It might therefore be supposed that even if oxonium salt formation, 
resulting in “ positive ” oxygen, is the cause of the op-substitution 
of benzyl ethers (A = Alkyl), the tendency to this type of substi¬ 
tution would become less marked in benzyl esters of weak acids 
(e.g. } benzyl acetate; A = *COCH 3 ), and non-existent in benzyl 
esters of strong mineral acids (e.gr., benzyl nitrate; A = \N0 2 ), 
since an anhydro-union with strong mineral acids, like nitric acid 
and sulphuric acid, is known to suppress the ammonium salt 
formation of even comparatively strong nitrogen bases. 

Cases have therefore been selected in such a way as to furnish 
examples of all these three classes; and in every case it has been 
found that substitution occurs mainly or exclusively in the para- 
position; m-substitution has in no instance been observed, despite 
the variation in the character of “ A.” 

The examples on which the above general statement is based 
are collected together in the following table. They afford, it is 
believed, strong grounds for the conclusions (a) that op-substitution 
premils amongst benzyl alcohol derivatives of the type C^Hg-CHg-OA, 
whether A ~ alkyl or acyl; (b) that oxonium salt formation with the 
reagent employed is not the cause of this phenomenon . 


C e H 5 -CH 2 -OA 

(class). 


Table I. 


A*OH. Result, Reference. 


A = alkyl 
/ A ™ acyl 

\(A*OH — weak acid) 

/A = acyl (Picric acid 

\(AQH ss strong acid) \ Nitric acid 


f 8 -Tribr omophenol 
\rom-Dinitro-p-cresol 

■[Acetic acid 


P 

P 

{ p 

P 

P 


This paper. 

Staedel (Zoc. cit,)* 
Beilstein and KUhlberg 
(loc. cit .). 

This paper. 

» »» 


* Staedel also nitrated the ethers in which A = phenyl, o-tolyl, and 
p-tolyl. In each of these e&ses nitro-groups entered both rings, but that 
which entered the benzyl group did so in the p-position. 
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In the case of the benzylamines the only compounds of the 
type C 6 H 5 -CH 2 *NAA' which have been examined (so far as we 
have ascertained) in regard to ring substitution prior to this in¬ 
vestigation are (i) acetobenzylamide (A = H; A' = * 00 - 0113 ) and 
(2) phenylethylbenzylamine (A = Et; A' = Ph). Acetobenzyl¬ 
amide was found by Amsel and Hofmann to nitrate in the ^-position 
(Ber., 1886, 19, 1286), a result which we have confirmed. Phenyl¬ 
ethylbenzylamine was stated by Schultz and Bosch (Ber., 1902, 
35, 1292) to nitrate in the m-position in the benzyl group; but 
doubt has been cast on this result (Plurscheim, Chem. and Ind ., 
1925, 44, 285), a doubt which is increased by the investigation 
recorded in this paper of the closely analogous case of methyl- 
dibenzylamine (A = Me; A' ^= CH 2 Ph).* It was apparent at the 
outset, therefore, that no general conclusion with regard to the 
substitution of benzylamine could be reached on the basis of 
previously recorded observations, and that before the comparison 
with benzyl alcohols could be made a series of experiments on 
representative benzylamines was necessary. 

Such a series has now been carried out, and, in contrast to the 
results obtained with the benzyl alcohols C 6 H 5 -CH 2 -OA, it has 
been found that predominant m-substitution is of common occurrence 
amongst derivatives of benzylamine, C 6 H 6 -CH 2 *NAA'. 

As in the previously described experiments, examples were selected 
in such a way as to obtain a maximum of control over effects due 
to ammonium salt formation. 

The effects to be expected from this cause may be inferred from 
the case of aniline. As Bamberger has shown (Ber., 1895, 28, 
399), aniline nitrate, C e H 6 -NH 3 -0'N0 2 , which is m-orienting, readily 
loses water under ordinary nitration conditions, giving the nitro- 
amine C 6 H 5 -NHdSf0 2 , which, being insufficiently basic to form a 
stable salt, substitutes in the op-positions; hence arise the different 
results obtained with different concentrations of nitric acid. Now 
according to the theory of alternating free and bound affinity the 
nitrogen atom in benzyla m ine should direot oppositely to that in 
aniline when both are in analogous states of combination. Hence 
it might be expected that under ordinary conditions (concentrated 
nitric acid in the cold) the conversion of the nitrate C 7 H 7 *NH 3 *0-N0 2 
into a non-basie nitroamine, C 7 H 7 -NH*N0 2 , would determine pre¬ 
dominant substitution in the m-position. Actually this is what 
occurs, and, apart from analogy with aniline, there are four inde- 

* We have not, however, repeated the experiments of Schultz and Bosch, 
since Prof. Bobinson Has recently announced his intention of doing so (Chem. 
and Ind., 1925, 44, 227). 
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pendent experimental reasons for concluding that it takes place in 
the manner suggested. 

First, under the conditions stated, the m-mtro-derivative, 
although the main product (about 80%), is not the only one; a 
certain quantity of ^-isomeride is also formed, and (possibly) a 
trace of ortho. If the explanation given is correct, this must 
mean that, at the temperature employed (0° to 20°), only a part 
of the benzylamine nitrate is dehydrated to benzylnitroamine. 
But an increase of temperature would easily complete this reaction 
and should thus suppress the by-products of the nitration. This 
was found to be the case : on nitration at temperatures approach¬ 
ing 100° the m-nitro-compound was obtained as sole product and 
in practically quantitative yield.* 

Secondly, it follows from the explanation given that the pheno¬ 
mena observed with benzylamine should be reproduced in secondary 
benzylamines, C 7 H 7 *NHAlk, but should disappear in tertiary 
derivatives, C 7 H 7 *N(Alk) 2 , since these lack the amino-hydrogen 
atom necessary for dehydration of the salt to the nitroamine. 
This was also observed, exactly as predicted : methylbenzylamine, 
C 7 H 7 *NH*CH 3 , and dibenzylamine, C 7 H 7 *NH*C 7 H 7 , behave like 
benzylamine, directing mainly or exclusively towards the ^-position, 
according to temperature; methyldibenzylamine, however, 
(C 7 H 7 ) 2 NMe, showed no tendency towards m-direction, but, on 
the contrary, gave op-products. 

Thirdly, since the introduction of one acyl group into a primary 
amine greatly increases the difficulty of replacing the second amino- 
hydrogen atom by another acyl group, the prior mono-acylation 
of a benzylamine should prevent the formation under nitration 
conditions of a nitroamine, excepting, perhaps, at high temperatures. 
Now benzylamines are strong bases, and hence, if the acyl group 
introduced is derived from a weak acid, the substituted amide 
should be definitely basic, and it is true that aeetobenzylamide, 
acetodibenzylamide, and acetomethylbenzylamide form moderately 
stable salts with mineral acids. Substitution in these compounds 
should therefore take place mainly, if not exclusively, through 
their salts, that is, in the op-positions. Further, since acetodibenzyl- 

* This temperature effect may be contrasted with that observed in the 
sulphonation of aniline, which gives m-sulphanilic acid in the cold (substitution 
of sulphate) but p-sulphanilic acid at higher temperatures (the sulphate 
passing into the suLphamic acid under these conditions). Thus an increase 
of temperature causes a ^-product to appear in the place of m-, in the case 
of aniline, but a m-product in the place of p-, when the directing nitrogen 
atom is one place further from the nucleus, as in benzylamine—a clear 
illustration, similar in some respects to that given by Pyman and Stanley 
(foe. oil.), of the essentially alternating character of the effect transmitted. 
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amide, (C 7 H 7 ) 2 NAc, is a definitely weaker base than methyldi- 
benzylamine, (C 7 H 7 ) 2 NMe, larger quantities of m-by-products 
should be produced in the former case than in the latter. Again, 
since acetobenzylamide and acetomethylbenzylamide are stronger 
bases than acetodibenzylamide, the last should yield the largest 
quantity of m-compound. Again, in the case of the very feebly 
basic acetodibenzylamide, the addition of different quantities of 
water to the nitric acid used in the nitration should, by altering 
the degree of hydrolysis of the salt, change the proportion of by¬ 
products : the more dilute the acid, the greater should be the 
proportion of m-product obtained. All these predictions have 
been verified in every detail. 

Fourthly, diacetylbenzylamine, C 7 H 7 -N(CO*CH 3 ) 2 , is non-basic, 
and it obviously cannot form a nitroamine; it must therefore 
nitrate as such. It follows that if m-substitution in benzylamine 
derivatives depends essentially on tervalent nitrogen, then this 
diacetyl compound, unlike the monoacetyl derivatives previously 
mentioned, should undergo substitution wholly or mainly in the 
m-position. This was found to be the case. 

These results, which are summarised in the following table, 
give strong grounds * for the conclusion that not only is m-substi¬ 
tution a frequent experience with benzylamine derivatives , 

CgH^CHg-NAA', 

but that it prevails in every case in which substitution through a salt 
is precluded . 

Table II. 


Substance. 

Main 

product. 

By- 

product. 

Reference. 

Benzylamine .. 

m 



This paper. 

Methylbenzylamine ........ 

m 

V * 


»> >» 

Dibenzylamine .. 

m 

V' 


*> >» 

Methyldibenzylamino . 

P (o) 

— 


»> »» 

Acetobenzylamide ........ 

p 

m ? 

Amsel and Hofmann (loc. cit 

Acetomethylbenzylamide.. 

p 

m ? 

This paper. 

Acetodibenzylamide ... 

■ p (0) 

m 


>9 99 

Diacetylbenzylamine . 

m 

— 


>1 ft 


f Only perceptible at low temperatures. 


Comparing now the benzyl alcohols and benzylamines, We see 
that, as the affinity theory demands, compounds of the former 
class belong exclusively to the op-directing series, whilst those of 
the latter display a strong tendency to m-substitution. Polarity 

* For the sake of maintaining the strict comparison with benzyl alcohol 
derivatives, no use is here made of the few known instant of to 
stitution in benzylamines already substituted in the benzyl group, although 
the data are consistent with the results now described. 
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principles, as shown above, require a difference of precisely the 
opposite kind. 

In Part II* (be. cit.) a peculiarly substituted benzyl ether was 
examined in which the two side-chain hydrogen atoms of the 
ordinary benzyl group were removed from possible competition 
with the oxygen atom by replacing them by a doubly-bound methyl¬ 
ene group, :CH 2 . The compound was a-methoxystyrene, 
C 6 H 5 -C(OMe):CH 2J 

and some importance was attached to the case because it indicated 
in a particularly clear manner that unsaturation , rather than 
negative character, is the cause of directive action. Recently, 
however, a new suggestion, additional to those mentioned above 
(1, 2, and 3, p. 1801), has been advanced. It is 

(4) that the unsaturated group, CIC, itself might behave as 
a <c negative ” key-group in the sense of the polarity rule, and 
hence in methoxystyrene act as would an oxygen atom directly 
attached to the benzene nucleus (Lapworth, Chem. and l7id., 
1925, 44, 228, 398). 

We express no opinion as to the a priori probability of this 
suggestion, but wish to point out that it (like every argument f 
which has been advanced in defence of the polarity theory since 
these investigations were commenced) has been taken into serious 
account in devising the experiments now described. It is com¬ 
pletely answered. For if the op-direction of methoxystyrene is due 
to the “ negative ” double bond, why does it persist, against the 
polar principles cited above, when that double bond is absent, as in 
the benzyl ethers, C 6 H 5 -CH 2 -OA ? The cause lies not in the two 
hydrogen atoms (pp. 1802—1803, 1807, 1808), nor in a “ positive 55 
oxygen atom (pp. 1804—1805,1807), nor in the group A (pp. 1804— 
1805, 1805—1807); for if it did, the m-dixection of analogous 
benzylamines could not be explained. The same difficulty confronts 
any attempt to base an explanation, or argument, J on the “ damping 

* On p. 871, lines 11-12, “ two intrinsically negative atoms in competition 
for the function of key-atom ** should be read in place of “ two competing 
negative key-atoms,” since the ellipsis used has caused misunderstanding. 

f General arguments, such as the imputation of “ insisting that any atom 
you like to choose must be a key-atom ” (Kobinson, Chem . and Ind ., 1925, 
44, 227), we regard as not justified in view of the full reasons that have 
invariably been given for each assumption made. Arguments of this kind 
are excepted from the statement to which this footnote refers. 

t The relevance to the polarity theory of the cases under discussion was 
admitted by Bobinson when predicting, on the basis of his theory, the 
position of substitution of the benzylamine examined by Schultz and Bosch 
(p. 1805); which should obviously yield op-substitution derivatives according 
to any of the theories discussed in this paper. 
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action ” of the saturated carbon atom (Robinson, Chem. and bid ., 
1925, 44, 148; Lapworth, ibid., p. 398), or on lack of “ conjugation ” 
of the key-atom with the nucleus. 

It seems to us that there is only one consistent explanation of 
these facts, namely, that which has uniformly and correctly fore¬ 
told events throughout this series of investigations. Proof has 
been given that the efficiencies of “ negative ” key-atoms stand, not 
in the order of their electron affinities, but in the order of their 
unsaturation; and it seems fair, therefore, to conclude that un¬ 
saturation is the property transmitted. This is the essence of 
Fliirscheim’s form of the alternating theory. We are aware that 
by identifying unsaturation with potentially mobile electrons, and 
its alternating distribution with a similarly propagated electronic 
displacement, a nearly equivalent theory may be formulated* 
(compare Robinson, Chem . and Ind ., 1924, 43, 1297; 1925, 44, 
118; this vol., p. 370). But this cannot add validity to the 
fundamental idea, nor can it inspire enhanced confidence whilst 
the interpretation of the chemical terms remains speculative. We 
suggest, therefore, without denying the possibility of polar altern¬ 
ation, that the facts thus far adduced constitute grounds for the 
conclusion that the propagation of alternating unsaturation is the 
prime directive process in ordinary aromatic substitution. 

Experimental. 

(A) Nitration of Benzyl Ethers and Esters. 

(i) s-Tribromophenyl Benzyl Ether , C 6 H 2 Br 3 • 0*CH 2 Ph.—Equi- 
molecular quantities of benzyl chloride and s-tribromophenol were 
added to a suspension of sodium ethoxide in boiling toluene, the 
filtered solution was evaporated, and the residue recrystallised 
from alcohol. The product, m. p. 86—87°, had the properties 
described by Auwers (Annalen, 1907, 357, 92). 

For the nitration, the ether was added in small quantities to 
concentrated nitric acid at about — 5°, the solution kept for 1 hour, 
poured on to ice, and the solid obtained, after draining from a 
small quantity of adhering oil, crystallised from alcohol, when it 
separated in small prisms, m. p. 145° (Found : N, 3*1. C 13 H 8 0 3 NBr 3 
requires N, 3*0%). An impure by-product was obtained of higher 
nitrogen content, 

B-Tribromophenyl -p-nitrobenzyl ether, C^H^Brg'O'CHg'C^H^NOg, 
with which the above substance was identified, was prepared for 
comparison by the interaction of ^-nitrobenzyl chloride and sodium 
s-tribromophenoxide in benzene solution. It separated in a moder- 

* 'It involves, however, a reversal of postulated key-atom efficiencies. 
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ately pure form when ligroin was added to the filtered and evaporated 
liquid, 

(ii) oip-Dinitrophenyl Benzyl Ether, C 6 H 3 (N0 2 ) 2 *0 , CH 2 Ph.—This 
compound, which was prepared by Kumpfs method ( Annalen , 
1884, 224, 131), was nitrated under the conditions used in the 
previous experiment; on addition of ice a precipitate was obtained 
which, twice crystallised from benzene, gave well-defined, orange- 
yellow needles, m. p. 198°, of op-dinitrophenyl ^-nitrobenzyl ether 
(Staedel, loc. cit . ; Kumpf, loo . tit.). The latter method, using, 
however, jp-nitrobenzyl chloride in place of the iodide, and heating 
in the absence of a solvent at 150°, was employed in order to obtain 
a specimen for comparison. 

(iii) Benzyl Nitrate , C 6 H 5 *CH 2 *0*N0 2 .—Prepared from benzyl 
chloride and silver nitrate by Nef’s method (Annalen, 1889, 309, 
171), and isolated and purified by distillation in a vacuum, this 
substance, which, after twice distilling, had b. p. 101—105°, was 
analytically pure, and free from halogen, was run during about 
4 hours through a fine capillary tube into seven times its weight 
of 95% nitric acid at about —10°, and the solution immediately 
poured on to ice. The oil thus precipitated slowly solidified, and 
the solid, which was drained on porous porcelain and crystallised 
from warm aqueous alcohol, was identified as p-nitrobenzyl nitrate 
by its m. p. (71°) and by direct comparison with a specimen prepared 
by Nef’s method from ^-nitrobenzyl chloride and silver nitrate. On 
oxidation with 3% alkaline permanganate solution (equiv. to rather 
more than 20) at about 100°, ^-nitrobenzoic acid was obtained. 

A considerable amount of oxidation took place during attempts 
to nitrate benzyl ethyl ether, and even more in the case of benzyl 
alcohol. The attempts were therefore abandoned. 

(B) Nitration of Primary , Secondary , and Tertiary Benzyl - 
amines and of certain Mono - and Di-acetyl Derivatives . 

(iv) Benzylamine. —This was prepared from potassium phthal- 
imide and benzyl chloride by Gabriel’s method (Ber., 1887, 20, 
2227), but the tedious process of hydrolysing the phthalobenzyl- 
imide with hydrochloric acid in sealed tubes was replaced by the 
following two-stage method, which is conveniently carried out 
with larger quantities of material. The phthalobenzylimide is' 
boiled for J hour with half its weight of potassium hydroxide in 
10% aqueous solution. The phthalobenzylamic acid , 

OB^Ph-NH-CO-OeH^COaH, 

produced on acidification crystallises from alcohol in slender needles, 
m. p. 155° (Found : G, 70*0; H, 5*1. C 15 H 13 0 3 N requires C, 70*3; 
N,-frl%). 
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The crude amic acid was boiled for 18 hours with 20% hydro¬ 
chloric acid (3 parts), the phthalic acid removed from the cooled 
solution, and the filtrate evaporated to dryness. The benzylamine 
isolated from the residue of hydrochloride by means of ether and 
sodium hydroxide was purified by distillation. 

Another method, also a convenient one for the preparation 
of large quantities, consists in warming in chloroform solution 
a mixture of equal weights of hexamethylenetetramine and 
benzyl chloride, and hydrolysing the product with a mixture 
of concentrated hydrochloric acid and 95% alcohol (1:3 by 
volume). 

Nitration of Benzylamine at Different Temperatures .—The general 
results of the experiments on the nitration of benzylamine at 
temperatures ranging from —10° to 105° have already been described. 
The experiments were all carried out, so far as possible, under 
comparable conditions as to strength and amount of nitric acid. 
Details of two illustrative cases are given below. 

(а) Benzylamine (2 g.) was run through a capillary tube during 
2 hours into 10 c.c. of 95% nitric acid cooled to —10°. After 
remaining for 1 hour at this temperature, the product was mixed 
with ice. The crystals (1*4 g.) which separated during the next 
few hours consisted of almost pure m-mtrobenzylamine nitrate, 
m. p. 210° (the correct m. p. being 214°; see below). The filtrate 
was made alkaline with sodium hydroxide and extracted with 
ether, the extract shaken with a small excess of 2iV-nitric acid, 
and the aqueous solution of nitrates evaporated. From the mixture 
thus obtained a further quantity of m-mtrobenzylamine nitrate 
was readily isolated by fractional crystallisation. The p-isomeride, 
which was also present, could not be fully purified, however, and 
the more soluble nitrates were therefore converted into the free 
bases, and these were acetylated with acetic anhydride in the 
usual manner. Crystallisation from water readily gave the pure 
acetyl derivative of p-mtrobenzylamine. The presence of an 
or^Ao-compound in the ultimate residues of this and similar experi¬ 
ments was suspected, but could not be definitely established owing 
to the smallness of the quantity. 

(б) Benzylamine was added quickly to nitric acid at 100° and 
the product worked up in the maimer just described. The yield 
of m-nitrobenzylamine nitrate was practically quantitative; no 
trace of the p- or o-compound could be detected. 

o-, m-, and p-Nitrobenzylamines, which have not been previously 
described, were prepared by methods which determined their 
constitution. 

o-Nitrobenzylamine.—A mixture of o-nitrobenzyl chloride (5 g.) 
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with. 10% alcoholic ammonia (50 c.c.) was shaken for 2 hours and 
kept until the deposition of solid matter ceased (1—2 weeks). The 
solution was filtered and evaporated, and the residue, which was 
partly solid and partly liquid, lixiviated with water, in which the 
solid portion dissolved. On evaporation of this aqueous solution 
to dryness a well-crystallised hydrochloride was obtained, from 
which o-nitrobenzylamine , a colourous oil, was extracted with ether 
after the addition of sodium hydroxide. The base could not be 
induced to crystallise and was therefore characterised by means 
of its salts and acetyl derivative. 

The hydrochloride separated from water in colourless needles, 
m. p. 248° (Found: Cl, 18-6. C^O^Cl requires Cl, 18*8%), 
and the nitrate from the same solvent in small, white prisms, m. p. 
173—174° (decomp.). 

m -Nitrobenzylamine. —This was prepared from m-nitrobenzyl 
chloride by the same method and was obtained as a colourless oil 
which refused to crystallise. 

The hydrochloride crystallised from water in large, colourless 
leaflets, m. p. 250°; and the nitrate in colourless, flattened needles, 
m. p. 214° (deeomp.) (Found : C, 39*1; H, 4*2. C 7 H 9 0 5 N 3 requires 
C, 39*1; H, 4*3%). 

p -Nitrobenzylamine. —This was prepared in a like manner from 
p-nitrobenzyl chloride, but could not be induced to solidify. It 
was identified by means of its known acetyl derivative, a specimen 
of this being prepared for comparison by the method of Amsel 
and Hofmann (loc. tit.). The free base was further characterised 
by its hydrochloride , which separated from ethyl alcohol in colour¬ 
less, flattened needles, m. p. 224° (Found : Cl, 18*9. C 7 H 9 0 2 N 2 C1 
requires Cl, 18*8%); and its nitrate crystallised from water in 
yellow plates, m. p. 180—181°. 

(v) Methylbenzylamine, C 6 H 5 *CH 2 *NHMe.—The preparation of 
this substance in quantity by methods given in the literature 
presented initial difficulties, but two satisfactory methods were 
. ultimately obtained, one a modification of Hinsberg’s process, and 
the other depending on the regulated interaction of benzyl chloride 
with methylamine. 

(a) p -Toluenesvl^horiJbenzylamide, CH 3 *C 6 H 4 *S0 2 *NH*CH 2 Ph.— 
Bemylamine (20 g.) was dissolved in dry pyridine and 40 g. of 
p-toluenesulphonyl chloride were added cautiously and with shak¬ 
ing. The mixture, which became hot and of a deep red colour, 
was kept for 1 hour and then poured into water. The oily pre¬ 
cipitate, which solidified on : rubbing, was crystallised from alcohol, 
when long, stout, colourless prisms, m. p. 114°, were obtained 
(Found: N, 5*2. C^H^CySFS requires N, 5*37%). 
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p -Toluemeulphonbenzylmethylamide, CH 3 *C 6 H 4 *S0 2 -NMe*CH 2 Ph.— 
The above amide (40 g.), methyl iodide (80 g.) s alcohol (20 c.e.), 
and aqueous sodium hydroxide were shaken together for about 
an hour, the sodium hydroxide being kept in sufficient excess to 
render the mixture strongly alkaline throughout the period. The 
mixture was heated on the steam-bath for 15 min utes and poured 
into water, and the oily precipitate, which solidified, was crystallised 
from alcohol, from which the pure benzylmethylamide separated in 
colourless plates, m. p. 95° (Found: 1ST, 5*4. C 15 H 17 0 2 NS requires 
N, 5-1%). 

Some difficulty was experienced in hydrolysing this substance, 
the convenient general process of warming with a mixture of acetic 
and sulphuric acids failing owing to the instability of the product 
under the conditions. Hydrolysis was, however, effected by heat¬ 
ing the amide for 7 hours at 165—170° with 1*5 times its weight 
of concentrated hydrochloric acid. (Below 155°, the hydrolysis is 
extremely slow, whilst above 175° an extensive separation of 
carbon takes place.) The base was extracted with ether from 
the cooled, basified solution, and separated from neutral impurities 
by re-extraction with aqueous hydrochloric acid. It was finally 
recovered from the crystallised hydrochloride by extraction with 
ether in the presence of alkali, and purified by distillation. 

(b) A mixture of benzyl chloride (20 g.), alcohol (200 c.e. of 
95%), and aqueous methylamine (70 c.c. of 33% solution) was 
heated in a well-stoppered flask at 60° for an hour and allowed to 
cool. The alcohol was removed by distillation, the residue made 
alkaline and extracted with ether, and the extract dried with 
potassium carbonate and evaporated. The residue thus obtained, 
on distillation, yielded a large fraction, b. p. 180—200°, which 
on redistillation boiled almost completely at 184—186°, consisting 
of pure methylbenzylamine. The fraction boiling above 200° 
was heated with an excess of acetic anhydride for a few minutes, 
and then with> water. The solution, after being made alkaline, 
was extracted with ether, and the extract washed with very dilute 
hydrochloric acid and then evaporated. The residue, on boiling 
for 12 hours with 20% hydrochloric acid, yielded a further quantity 
of methylbenzylamine hydrochloride, which was decomposed to 
give the free base. 

The base prepared by any of these methods had b, p. 184—186°, 
and was characterised by means of its hydrochloride , which separ¬ 
ated from ethyl alcohol in rosettes of needles, m. p. 195° (Found : 
CH, 22*4. C 8 H 12 NC1 requires Cl, 22*5%). 

Nitration of Methylbenzylamine tit Different Temperatwres.^- 
Nitration at low temperature was conducted much as described for 
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the ease of benzylamine, but no precipitation was obtained on the 
addition of ice. The product was therefore made strongly alkaline 
and extracted with ether, and the combined ethereal extracts were 
shaken several times with dilute hydrochloric acid. On evapor¬ 
ation of the acid solution crystals were not obtained until the 
whole of the solvent had been removed, when a solid remained, 
which was recrystallised from ethyl alcohol. In this way a small 
quantity of a moderately soluble salt was easily separated from 
the large amount of a very soluble salt which accompanied it. 
The somewhat sparingly soluble salt, after twice crystallising, 
separated in colourless, flattened needles, m. p. 226°, which did 
not depress the m. p. of an authentic specimen (see below) of methyl- 
^-nitrobenzylamine hydrochloride. The readily soluble salt separ¬ 
ated sometimes as laminae and sometimes in rosettes of needles. 
After thrice crystallising, it melted at 181° and was identified as 
methyl-m-nitrobenzylamine hydrochloride by comparison and by the 
m. p. of a mixture with a genuine specimen (below). The yields 
of p- and m-isomerides were usually about 10% and 80% respect¬ 
ively, about 10% of the material being either lost during manipul¬ 
ation or not separated. "Careful search was made for the o-eom- 
pound, but this could not be isolated, and all the impure residues 
had their m. p.’s depressed by admixture with a specimen of pure 
meihyl-o-nitrobenzylamine hydrochloride. When the nitration was 
conducted at temperatures approaching 100°, no p-isomeride was 
formed, the product consisting wholly of the m-nitro-compound. 

Methyl-o-nitrobenzylamirie, N0 2 *C 6 H 4 *CH 2 *NHMe.—After a mix¬ 
ture of o-nitrobenzyl chloride (5 g.), 95% ethyl alcohol (30 c.c.), 
and 33% aqueous methylamine (30 c.e.) had been kept for a week, 
the solution was filtered and evaporated and the semi-solid residue 
mixed with dilute hydrochloric acid and evaporated to dryness. 
The oily base liberated from this hydrochloride refused to crystalline 
and was therefore identified through its hydrochloride, which, 
when crystallised from water, formed small, pale yellow prisms, 
having the m. p. (175°) and properties recorded by Gabriel and 
Jansen (Ber., 1891, 24, 3090). 

Methyl-m-nitrobenzylamine was prepared from m-nitrohenzyl 
chloride and methylamine as described above, and as it was an 
oil which would not solidify, was characterised by means of its 
salts. 

The hydrochloride separated from alcohol in small, colourless, 
flattened needles, m. p. 182° (Found: Cl, 17-5. C 8 H U 0 2 N 2 C1 
requires Gl, 17*4%), and the nitrate from dilute nitric acid in long, 
flattened needles, m. p. 150°. 

Methyl-ip-ntirobenzylamine was also obtained as an oil and char- 
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acterised by its hydrochloride , flattened needles, m. p. 226° (Found : 
Cl, 17*5. C 8 H n 02N 2 d requires Cl, 17*4%). 

(vi) Dibenzylamine, (C 6 H 5 *CH 2 ) 2 NH .* Nitration at Different Tem¬ 
peratures .—As heretofore, a description is given of one experiment 
carried out at a low temperature and one at a high temperature. 

{a) Kahlbaum’s dibenzylamine (4 g.) was allowed to flow during 
4 hours through a capillary tube into 20 c.c. of nitric acid (d 1-5) 
maintained at — 5° to 0°. After keeping for a further hour at 
the same temperature, the product was poured on to ice and the 
crystalline precipitate collected and crystallised from 800 c.c. of 
boiling water, when 5*0 g. of pure mm'-dimtrodibenzylamine 
nitrate separated in clusters of needles, m. p. 235° (decomp.). It 
was identified by analysis and by direct comparison with a genuine 
specimen (below), and also by converting it into the free base, 
which was crystallised and similarly identified. *The crystals 
obtained on evaporating the mother-liquors (2 g.) obviously con¬ 
sisted of a mixture, and, by fractional crystallisation from water, 
and extraction with small amounts of boiling water, were divided 
into a less soluble salt, identical with that obtained above, and a 
more soluble salt, which, when pure, had m. p. 210° and was identi¬ 
fied as pp'-dinitrodibenzylamine nitrate by analysis and by com¬ 
parison with a specimen obtained as described below. The yields 
of pp and mm ' - dinitr o - products isolated were 5% and 80% 
respectively. A third isomeride appeared to be present, but could 
not be fully purified; it may have been the mp'-compound, as it 
depressed the m. p. of an authentic specimen of the oo'-isomeride 
on admixture* 

(5) On adding dibenzylamine rapidly to 10 parts by weight of 
nitric acid (d 1*5) at 70—90°, and pouring the product into water, 
ww^dinitrodibenzylamine nitrate was obtained in almost theoretical 
yield. No isomeride could be isolated. 

oo'-Dinitrodibenzylamine , (N0 2 *C 6 H 4 *CH 2 ) 2 NH.—This substance, 
prepared by Gabriel and Jansen’s method (loc. tit,), melted at 
101°, and its hydrochloride at 238° (decomp.). Gabriel and Jansen 
record the m. p. of the base as 99—100° and that of the hydro¬ 
chloride as “ above 220°.” Birk gives m. p. 236° for the hydro¬ 
chloride (/. pr. Ghem ., 1897, 56, 360). 

The nitrate separated from water in pale yellow needles, m. p. 
200—203° (decomp.) (Found : 0, 47*9; H, 3*9. C 14 H 14 G 7 N 4 
requires C, 48*0; H, 4-0%). 

mm r -Dinitrodibenzylamine .—A solution of m-nitrobenzyl chloride 
in 5 parts of 10% alcoholic ammonia was kept until crystals ceased 
to form, when they were collected, lixiviated with water to remove 
ammonium chloride, and crystallised from alcohol or ether# from 
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which, stout, lemon-yellow prisms separated, m. p. 83*5°. A 
further quantity was obtained from the semi-solid mass remaining 
on evaporation of the ammoniaeal alcoholic solution by alternately 
extracting with water and crystallising from alcohol (Found: 
C, 58*6; H, 44 . C 14 H 13 0 4 N 3 requires C, 58*5; H, 4*5%). 

The hydrochloride , formed by dissolving the base in hot dilute 
hydrochloric acid and cooling, crystallised in small, very pale 
yellow prisms, m. p. 253°; whilst the nitrate , prepared similarly, 
or by nitration as described above, separated in bunches of very 
pale yellow needles, m. p. 235° (decomp.) (Found; C, 48*2; H, 4*2. 
C 14 H 1 AN 4 requires C, 48*0; H, 4*0%). 

pp '-Dinitrodibenzylamine. —This was prepared from -p-nitro- 
benzyl chloride and alcoholic ammonia as in the experiment 
described above. The base separated from alcohol in pale buff 
needles, m. p. 93° (Found : C, 58*5; H, 4*6%). It is only sparingly 
soluble in ether (distinction from the mm'-compound). 

The hydrochloride crystallises from hot water in clusters of colour¬ 
less needles, m. p. 217—218°, and the nitrate , prepared either by 
nitration of dibemzylamine as described above, or by cooling a 
solution of the dinitro-base in hot dilute nitric acid, forms very 
pale yellow leaflets, m. p. 210 — 211 ° (decomp.) (Found : C, 48*2; 
H, 4*3. C 14 H 14 0 7 N 4 requires C, 48*0; H, 4*0%)- 

(vii) Methyldibenzylamine , (CgH^CH^NMe.—Benzyl chloride 
(20 g.) was dissolved in 200 c.c. of ethyl alcohol and mixed with 
40 c.c. of 33% aqueous methylamine. The reaction was allowed 
to proceed in the cold and finished by heating at 60° for a short 
time. After evaporation of the alcohol the bases were extracted 
with ether, after the addition of sodium hydroxide, and treated 
with 'p-toluenesulphonyl chloride as described on p. 1812. On 
extracting an ethereal solution of the crude product thus obtained 
with dilute hydrochloric acid a solution of dibenzylamine hydro¬ 
chloride was obtained; the free base, isolated from this by extrac¬ 
tion with ether after the addition of alkali, had b. p. 290° (uncorr.) 
(Emde, Arch. Pharm ., 1909, 247, 369, records b. p. 304—305°, 
corr.). The hydrochloride , crystallised from a concentrated solution 
in hydrochloric acid, has m. p. 200— 201 ° (Found: G, 14*2, 
C 15 H 13 NG requires Cl, 14*0%). 

The nitration of this substance was carried out both in carefully 
cooled, and in warm, nitric acid, but substantially the same results 
were obtained in the two eases* and the following description will 
suffice as illustration. The base was allowed to flow through a 
fine capillary tube into seven times its weight of 95% nitric acid 
at 0 °. The product was allowed to warm to the ordinary tem¬ 
perature during 2 hours and was then mixed with ice, when an 
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oily precipitate was obtained which solidified. This was suspended 
in aqueous sodium hydroxide and shaken with ether, and the 
ethereal solution obtained was dried and evaporated, yielding a 
solid residue consisting mainly of pp '-dMtr ochbenzylmethylamine. 
This substance was readily isolated by crystallisation from alcohol 
and was identified with an authentic specimen prepared as described 
below. The ultimate residues from these crystallisations were oily, 
but responded to seeding with a crystal of the pure oo'-dinitro¬ 
compound, a small amount of which was isolated by draining 
the adhering oil into porous porcelain and crystallised from 
ether. It was identified by direct comparison and a mixed m. p. 
determination. 

oo '-Dinitrodibenzylmethylamine, (N 0 2 *G 6 H 4 ‘CH 2 ) 2 ]Sr*CH 3 .—A mix¬ 
ture of o-nitrobenzyl chloride (5 g.), absolute alcohol (30 c.c.), and 
33% aqueous methylamine (15 c.c.) was kept at the ordinary 
temperature for a week. The crystals which had separated were 
recrystallised from alcohol, when stout, yellow prisms were obtained 
agreeing in their m. p. (63°) and properties with the description of 
oo'-dinitrodibenzylmethylamine given by Gabriel and Jansen (loc, 
tit.)* 

The hydrochloride crystallised from dilute hydrochloric acid in 
colourless needles, m. p. 216° (Found; Cl, 10-3. C 15 H 16 0 4 lSr 3 Cl 
requires Cl, 10*5%), and the nitrate from dilute nitric acid in very 
pale yellow prisms, m. p. 125° (decomp.). 

mm'-IMnitrodibenzylmethylamim, prepared in like manner from 
m-nitrobenzyl chloride and methylamine, separated from ethyl 
alcohol in colourless needles, m. p. 83—84° (Found: C, 59*9; 
H, 5*1. C 15 H 15 04 N 3 requires C, 60*0; H, 5*0%). 

The hydrochloride , prepared by evaporating a solution of the 
base in hydrochloric acid and crystallising the residue from alcohol, 
formed pale buff prisms, m. p. 223—224° (Found : Cl, 10*2. 
C 16 H 16 0 4 N 3 C1 requires Cl, 10*5%), and the nitrate , crystallised 
from dilute nitric acid, was obtained as small, pale yellow prisms, 
m. p. 163° (decomp.). 

pp'-Dinitrobenzylmethylamine. —This was obtained by the same 
method and had the m. p. and properties recorded by Paal and 
Sprenger (Ber., 1897, 30, 63). 

The hydrochloride , prepared as in the previous case, crystallised 
from ethyl alcohol in stout, pale yellow prisms, m. p. 204—205° 
(Found: Cl, 10*4%), whilst the nitrate, after twice crystallising 
from water, formed pale yellow prisms, m. p. 146° (Found: C, 49*3 ; 
H, 4*7. C 15 H 16 0 7 N4 requires C, 49*4; H, 4*4%). 

(viii) Acetobenzylamide, CgH^CHg^NH'CO'CE^.—The nitration 
of this substance has been described by Amsel and Hofinann (te?. 
vol. cxxvn. 3 Q 
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cit.), who obtained aceto-^-mtrobenzylamide; but they do not 
mention any by-products. Having repeated the experiment, 
utilising our experience in the separation of the acetyl derivatives 
of o~, p-j and m-nitrobenzylamines, we have come to the conclusion 
that, although aeeto-o- or -m-nitrobenzylamide (or both) is probably 
formed along with the ^-compound, the quantity must be very 
small, for it could not be identified with certainty. This is in agree¬ 
ment with the rather strongly basic character of acetobenzylamide. 

(ix) Acetomdhylbenzylamide, CgH^CHgdSnVle’CO’CHg.—This sub¬ 
stance was prepared by boiling methylbenzylamine with 2*5 parts 
of* acetic anhydride for 15 minutes, and then boiling the product 
for a few minutes with excess of water. The oil, extracted with 
ether after the addition of excess of sodium hydroxide, gradually 
solidified on keeping in an evacuated desiccator and could then 
be crystallised from ether-ligroin (b. p. 40—60°), from which it 
separated in large, colourless cubes, m. p. 41—43°, b. p. 155°/16 mm. 
(Found: C, 73*3; H, 7*9. C 10 H 13 ON requires C, 73*6; H, 8*0%). 
The same substance was obtained as a by-product in the prepar¬ 
ation of dibenzylmethylamine described above. It is completely 
soluble in cold 3% hydrochloric acid. 

The nitration was carried out by adding the substance in small 
portions to 10 parts of nitric acid {d 1-5) at — 10°. The liquid 
was allowed to warm during 1 hour to’ the ordinary temperature, 
and was then mixed with ice. No precipitation took place under 
this treatment, and the solution was therefore rendered alkaline 
and extracted with ether, when, on evaporation of the solvent, a 
solid residue was obtained which crystallised from ligroin in clusters 
of colourless needles, m. p. 80—81°. The substance also separ¬ 
ated from alcohol-ligroin in stout prisms of the same m. p. It 
was identified as aceto-^-nitrobenzylmethylamide f>y analysis and 
by comparison with a synthetic specimen (below). The mother- 
liquors were carefully searched for an isomeride, but although a 
further quantity of the ^-nitro-compound was obtained (total 
yield 90%), the o- and m-nitro-isomerides could not be identified 
with certainty, although traces of a more fusible compound were 
present, 

Acdo-o-nUrobenzylmethylamide, N0 2 *C 6 H 4 *CH 2 *NMe*C0 , CH 3 , was 
prepared by Gabriel and Jansen’s method. 

A&to-m-ntirobmzylrmthylamide was prepared from the hydro¬ 
chloride of m-nitrobenzylamine by boiling it (1 g.) for 15 minutes 
with acetic anhydride (4 c.c.) and anhydrous sodium acetate (1 g.). 
The product was warmed with water to decompose the excess of 
acetic anhydride, and the solution made alkaline and extracted 
with ether, from which, on evaporation, an oily residue was obtained 
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which quickly solidified, and, on crystallisation from benzene- 
ligroin, yielded colourless prisms, m. p. 56—57° (Found: C, 57*5; 
H, 5*9. C 10 H 12 O 3 ]Sr 2 requires C, 57*7; H, 5*8%). 

Aceto-^-nitrobenzylmethylamide, prepared similarly, separated 
from benzene-ligroin in colourless prisms, m. p. 80—81° (Found : 
C, 57*6; H, 6*0%). 

(x) Acetodibenzylamide , (C 6 H 5 'CH2) 2 N*CO-CH 3 .—This substance 
was prepared by boiling dibenzylamine for a few minutes with 
acetic anhydride and decomposing the excess of the reagent with 
water. It was extracted from alkaline solution by means of ether, 
and, after distillation, was obtained as a rather viscous oil, b. p. 
194—195°/3 mm. (Found : C, 79*9; H, 7*0. C 16 H 17 OIT requires 
C, 80*0; H, 7*1%). It was also prepared by treating a pyridine 
solution of dibenzylamine with acetyl chloride and extracting with 
ether after adding excess of dilute hydrochloric acid. It is easily 
soluble in concentrated hydrochloric acid, but only sparingly soluble 
in dilute acid. On boiling for 6 hours with 20% hydrochloric acid, 
hydrolysis of the acetyl group took place, and the solution on 
cooling deposited crystals of dibenzylamine hydrochloride. 

Nitration with Different Concentrations of Nitric Acid .—(a) The 
acetyl compound (2*5 g.) was added in about 15 portions during 
1| hours to 15 g. of 95% nitric acid at about — 5°. At each addition 
a deep red colour was formed which vanished after a few seconds. 
The product was kept for a further hour at 0°, and at the ordinary 
temperature for the same period, and then mixed with ice. The 
oily precipitate slowly solidified and after crystallising from alcohol 
yielded 1*5 g. of crystals, m. p. 175°. After complete purification, 
these had m. p. 183° and were identified as aceto-^'-dinitro- 
dibenzylamide by direct comparison with a specimen of this sub¬ 
stance, and by converting them by hydrolysis (boiling for 6 hours 
with 20% hydrochloric acid) into ^'-dinitrodibenzylamine which, 
along with its hydrochloride, was similarly identified. The alcoholic 
mother-liquors were evaporated and the residue was fractionally 
crystallised from alcohol, when aceto-mm'-dinitrodibenzylamide was 
readily isolated in a pure condition and identified by direct com¬ 
parison with an authentic specimen (below). The ultimate residues 
yielded (besides a further quantity of the ^'-compound) a very 
small amount of the oo'-isomeride, which was obtained from gummy 
residues by seeding with a pure specimen. The quantities isolated 
were: para 45%; meta 20%; ortho 3%. 

(6) The dibenzylamide was treated at 30—50° with 80% nitric 
acid, and the product isolated and separated as described above; 
Yields : para 30%; meta 40%; ortho trace. 

(e) The dibenzylamide was boiled with 70% nitric acid for 15 

3 Q 2 
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minutes, and the products were isolated and separated. Yields : 
para 20%; meta 55%. 

Aceto-oo'-di?iitrodibenzylamide, (N0 2 *C 6 H 4 *CH 2 ) 2 N*C0*CH3, was 
prepared from the corresponding base by acetylation with boiling 
acetic anhydride. After decomposing the acetic anhydride by 
boiling with water, sufficient additional acetic acid was added to 
complete the solution of the acetyl compound. On cooling, clusters 
of Yery pale yellow needles separated, m. p. 154° (Found : 0, 58*6; 
H, 4*4. C 14 H 15 0 6 N 3 requires C, 58*4; H, 4*5%). 

Aceto-mm'-dinitrodibenzyfomide, prepared in exactly the same 
way, crystallised in small, pale yellow prisms, m. p. 146° (Found: 
C, 58*5; H, 4*5%). 

Aceto -pp '-dinitrodibenzylamide , obtained likewise, separated in 
colourless needles, m. p. 183—184° (Found : C, 58*3; H, 4*5%). 

(xi) Diacetylbenzylamine, C 6 H 5 *CH 2 *N(CO'CH 3 ) 2 .—Benzylamine 
(5 g.) was boiled with acetic anhydride (20 c.c.) for 3 days, after 
which the solution was cooled and shaken with water until the 
excess of acetic anhydride had decomposed. The solution was 
then made alkaline and extracted with ether. The residue from 
the ether evidently consisted of a mixture of mono- and di-acetyl 
derivatives, since some of the former compound crystallised on 
keeping for a few days in an evacuated desiccator. To isolate the 
diacetyl compound the mixture was dissolved in ether and the 
monoacetyl derivative removed by shaking with 5% hydrochloric 
acid. On evaporation of the ether an oil was obtained which 
refused to solidify and was therefore purified by distillation. Di- 
acetylbenzylamine is a colourless, rather viscous liquid, b. p. 176— 
178°/30 mm. (Found: C, 69*1; H, 7*2. C n H 13 0 2 N requires 
C, 69*2; H, 6*9%). It is completely hydrolysed to benzylamine 
hydrochloride on boiling for 16 hours with 20% hydrochloric acid. 

The substance was allowed to flow through a fine capillary tube 
into 10 parts of 95% nitric acid at — 20°, and the resulting solution 
mixed with crushed ice. The oily product thus obtained was 
extracted with ether after the addition of sodium hydroxide, and, 
as it did not solidify after evaporation of the ether, was hydrolysed 
by boiling for 12 hours with 20% hydrochloric acid. On evapor¬ 
ating the solution so obtained, a solid residue remained, consisting 
of m-nitrobenzylamine hydrochloride, which was readily isolated 
in the pure condition by crystallisation from alcohol, and identified 
by direct comparison with a genuine specimen. No by-product 
could be recognised. 

Some of the analyses recorded in this paper were carried out by 
Mr. Arthur Rumfit, to whom the authors acknowledge their 
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CCXLI. — Syntheses of Disulphoxides. 

By David Templeton Gibson, Cecil James Mill er, 
and Samuel Smiles. 

Foub general methods of obtaining the disulphoxides are at present 
available, but the very simple synthesis from a mercaptan and a 
sulphonyl chloride, although frequently attempted, has not yet 
been successfully accomplished. Blomstrand (Ber., 1870, 3, 962) 

(a) RS0 2 C1 + R/SH = HC1 + RS0 2 -SR' 
claimed to have obtained tolyl amyl disulphoxide from amyl mer¬ 
captan and toluenesulphonyl chloride, but his product was ill- 
defined and apparently not analysed; thus Otto, after further 
investigation of the reaction, was fully justified in doubting this 
result (Ber., 1882,15,121). Otto also attempted to obtain diphenyl 
and ditolyl disulphoxides (Ber., 1876, 9, 1636; 1878, 11, 2070) 
by this method, but was unsuccessful, isolating instead the corre¬ 
sponding disulphide and sulphinic acid. He represented the com¬ 
pleted reaction as follows: 

(b) RS0 2 C1 + 2RSH = HC1 + RS0 2 H + (RS) 2 . 

Many other observers have since met with Otto’s experience and 
agree with his representation of the process. 

The circumstance that the disulphoxides apparently cannot be 
obtained in this manner has been utilised by Hinsberg (Ber., 1903, 
36, 109) and by Fromm and Seixas Palma (Ber., 1906, 39, 3310) 
as evidence against the thiolsulphonate structure of these sub¬ 
stances. Conclusive evidence in favour of this constitution has 
been obtained (J., 1924, 125, 176; this vol., p. 224). Hence it 
seemed necessary to find an explanation of this discrepancy, and 
a further examination of the reaction between mercaptans and 
sulphonyl halides has now been made. In the reaction between 
disulphoxides and mercaptans the former undergo fission, yielding 
a sulphinic acid whilst the thioaryl group appears as disulphide 
(loc. tit .): 

(c) RS0 2 SR' + R'SH = RS0 2 H + (R'S) 2 . 

Since this decomposition of the disulphoxides takes place very 
easily, it seemed probable that the reaction between sulphonyl 
halide and mercaptan may proceed in two stages, the disulphoxide 
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at first formed (according to a) being rapidly decomposed (compare 
c) by the mercaptan. According to this hypothesis it should be 
possible to obtain disulphoxides by the method if experimental 
conditions are adopted in favour of (a) and unfavourable to (c). 
In one set of experiments these have been attained by slowly adding 
the mercaptan to a large excess of the heated sulphonyl chloride, 
thus completing (a) as rapidly as possible and avoiding the excess 
of mercaptan, necessary to (c). In other experiments the more 
reactive sulphonyl iodides were used, the secondary action of the 
mercaptan being to a great extent avoided by the use of silver 
mercaptides. With these modified conditions the method may 
be used for the synthesis of disulphoxides and, as shown below, 
the somewhat inaccessible class of disulphoxides containing dis¬ 
similar aromatic nuclei are readily obtained. Of the two methods 
described, that involving the use of the sulphonyl iodides is usually 
to be preferred, but owing to the tendency of these substances to 
liberate iodine some disulphide may be formed from the mercaptide. 
The success of this method is therefore more easily attained by 
using the more stable of the sulphonyl iodides and by choosing 
mercaptans which generate the soluble disulphides. The latter 
condition facilitates separation of the impurity from the required 
disulphoxide. 

It is now evident that the failure to obtain disulphoxides from 
these reagents under ordinary conditions can no longer be used as 
objection to the thiolsulphonate structure; on the contrary, the 
results now described give further evidence in support of this. 

* 

Experimental. 

(a) Syntheses from Mercaptans and Sulphonyl Chlorides v —The 
conditions adopted were as follows. A solution of the mercaptan 
in benzene containing a small quantity of pyridine was slowly 
added to a boiling solution of excess of the sulphonyl chloride in 
the same solvent. When the liquid had cooled, any sulphinie acid, 
pyridine, and the excess of acid chloride present were removed. 
The solvent was evaporated and the residue was examined. 

Di-p-tolyl disulphoxide was obtained in 25% yield from 2 mols. 
of the mercaptan and 5 mols. of p- toluenesulphonyl chloride. It 
was isolated and identified in the usual maimer. 

2:5:2': S'-Tetrachlorodiphenyl disulphoxide was obtained (5% 
yield) from 2 : 5-dichlorothiophenol (1 mol.) and 2 : 5-diehlorobenz- 
enesulphonyl chloride (7 mols.). The product (m. p. 127°) was 
identified in the usual manner. 

^T&yl B-nitrobenzme^ioImlp?io7iate., C 6 H 4 Me*S*S0 2 ‘C 6 H 4 *N0 2 , 
was Isolated (30% yield) from the reaction between 3-nitrobenzene- 
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sulphonyl chloride (8 mols.) and 4-tolyl mercaptan (1 mol.). The 
substance, isolated as usual, formed colourless needles, m. p. 109° 
(Pound : C, 504; H, 3-6; N, 4*9. C 13 H n 0 4 NS 2 requires C, 50*5; 
H, 3*5; N, 4*5%). 

The ascribed constitution was confirmed by treating the substance 
in warm alcohol with 2 : 5-dichlorothiophenol (1 mol.). 3-Nitro- 
benzenesulphinic acid and 2 : 5 - dichloro -4'-methyldiphenyl di¬ 
sulphide were isolated (J., 1924, 125, 182). 

(b) Syntheses from Sulphonyl Iodides and Silver Mercaptides .— 
The sulphonyl iodides (Otto and Troger, Ber., 1891, 24, 478) were 
prepared 1 by slowly adding an alcoholic solution of the theoretical 
amount of iodine to a cold solution of the sodium sulphinate con¬ 
taining about 20 g. of the salt in 2—3 litres of water. The 
crystalline material was washed and dried (yield, under the best 
conditions, generally over 80%). 

2: 5-Dichlorobenzenesulphonyl iodide , C 6 H 3 Cl 2 *S 0 2 I, separated 
from light petroleum in golden-yellow needles, m. p. 100° (Found: 
d + I, 58*7; S, 9*35. C 6 H 3 0 2 C1 2 IS requires Cl + I, 58*7; S, 

9-6%). 

Naphthalene-2-sulphonyl iodide , C 10 H 7 *SO 2 I, separated from 

benzene-light petroleum in yellow needles, m. p. 96—97° (decomp.). 
This sulphonyl iodide was more stable in solution than any other 
encountered in these experiments (Found: I, 40*0; S, 10*0. 
C 10 H 7 O 2 IS requires I, 39*9; S, 10*0%). 

The silver mercaptides used were obtained from silver nitrate, 
the mercaptan, and sodium acetate (1 mol.) in alcoholic solution. 

The dry silver mereaptide (rather more than 1 mol.) was gradually 
added with thorough shaking to a dry solution of the sulphonyl 
iodide in ether or benzene. Owing to the tendency of solutions 
of the iodides spontaneously to liberate iodine, the duration of 
the process was kept within certain limits—generally about J hour 
—which varied with different sulphonyl iodides. The silver halide 
was then removed and the solution was treated with a little dilute 
aqueous sodium carbonate and, if necessary, with sufficient sodium 
sulphite to remove free iodine. After the solvent had been removed 
the residue was purified in the usual manner. In this way the 
following thiolsulphonates were obtained. 

2 : 5-Dibromophenyl 2 : 5-dichlorobenzenethioIsulphonate, 
C 6 H 3 Br 2 -S-S0 2 -C 6 H 3 Cl 2 , 

from 2:5-dichlorobenzenesulphonyl iodide and 2 : 5-dibromophenyl 
mercaptan (88% yield). The product (m. p. 124°) was identified 
with that obtained from silver dichlorobenzenesulphinate and dir 
bromophenylsulphur bromide (this yol., p. 230) (Found; S* 13-3* 
Calc., S, 134%), 



1824 GLASSTONE : STUDIES OE ELECTROLYTIC POLARISATION. 

4 -Tolyl 2 : 5-dichlorobefmenethiolsulplionate, C 6 H 4 Me*S*S0 2 *C 6 H 3 CI 2 , 
was obtained (80% yield) from 2:5-dicblorobenzenesulpbonyl 
iodide and silver 4-tolyl mereaptide. The subtance separated 
from aqueous alcohol in small, colourless needles, m. p. 74° (Found : 
S, 19*2; 01,214. O^ 10 O a ClA requires S, 19*25; Cl, 21-2%). 
6-Methoxy-S-tolyl 2-naphtMlenetMoUulpJwnate, 
OMe*C 6 H 3 Me-S-SO 2 -C 10 H 7 , 

was prepared (about 85% yield) from 2-naphthalenesulphonyl 
iodide and 4-methoxytoluene 3-mercaptan (J., 1923, 123, 2390). 
After purification from hot alcohol the substance formed colourless 
prisms, m. p. 113—114° (Found: C, 62*6; H, 4*7; S, 18*5. 
CjgH^flOgS 2 requires C, 62*7; H, 4*6; S, 18*6%). 

2 : 4 *Xylyl 2-naphthahnethiolsulphonate } C 6 H 3 Me 2 *S'SO 2 , C 10 H 7 , 
was obtained (about 85% yield) from 2-naphthalenesulphonyl iodide 
and 2 :4-xylylthiol. It separated from benzene-ligroin in colour¬ 
less prisms, m. p. 80—81° (Found: C, 65*5; H, 4*9; S, 19*2. 
C 18 Hi 6 0 2 S 2 requires C, 65*8; H, 4*9; S, 19*5%). 

We are indebted to the Chemical Society for a grant which partly 
defrayed the cost of these experiments. 

The Untvebsitv, Glasgow. 

King’s College, London. [ Received, June 1 5th, 1925.] 


CCXLII .—Studies of Electrolytic Polarisation . Part III . 
The Diffusion Layer. 

By Samuel Glasstone. 

Since Noyes and Whitney (Z. physilcai. Chem 1897, 23, 689) 
first put forward the view that diffusion plays the chief part in the 
rate of a heterogeneous process such as solution, and Nemst et ah 
(ibid., 1904, 47, 52; 1905, 53, 235) extended the idea to chemical 
and electrochemical reactions in heterogeneous systems, most 
authors have accepted the idea of the existence of a layer of liquid 
of different concentration from that of the bulk of the solution at 
the surface of the reacting solid or the electrode in the case of an 
electrolytic process. The thickness of this layer has been presumed 
to be independent of the concentration of the liquid, and even to 
vary only slightly with the nature of the two phases involved in 
the reaction. Further, in the ease of electrolytic reduction Jahn 
if Ghundriss der Elektrochemie,” 1905, p. 519 et seq.) quotes results 
m the work of Haber et al. (Z. physihcd. Chm. 9 1900, 32, 193, 
1904, 47,.257) and from that of Akerberg (Z. anorg . Chem., 
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1902, 31, 161) which indicate that the thickness of the diffusion 
layer for a given electrode and electrolyte is also independent of 
the current density under such conditions that very little or no gas 
is being evolved. The results obtained by Nemst and Merriam 
(Z. physikal. Chem., 1905, 53, 235) and by Wilson and Youtz 
(J. Ind. Eng . Chem., 1923,15, 603), as well as unpublished measure¬ 
ments by the present author, all lead to the same conclusion. 
When a heterogeneous reaction involves the liberation of gas, as in 
the dissolution of metals in acid, the results of Palmaer (Z. physical. 
Chem., 1906, 56, 689) and of Prins ( Proc . K. Akad. Wetensch. 
Amsterdam, 1921, 23, 1449) indicate that it is very probable that 
the thickness of the diffusion layer does not remain constant; no 
work, however, appears to have been done in connexion with the 
diffusion layer in an electrolytic process involving free evolution of 
gas, but the results described below have an important bearing on 
this problem. These results were obtained in the course of experi¬ 
ments on lead and mercury cathodes in various electrolytes, some 
of the results of which have already been published (J., 1924, 125, 
2414, 2646). An examination of the figures given in these papers 
will show that under a variety of conditions the difference between 
the direct and the extrapolated overvoltage, which is presumably 
due to the resistance at the electrode surface, is not nearly pro¬ 
portional to the magnitude of the current. This indicates that the 
value of the resistance alters with the current as long as gas bubbles 
are being evolved; actually the resistance decreases as the current 
is increased. A large part of this resistance is believed to be due 
to the presence of a thin layer of dilute electrolyte—the diffusion 
layer—which is in immediate contact with the electrode; it thus 
appears that the resistance, and probably the thickness, of this 
layer decreases as the current density is increased. This is no 
doubt due to the fact that the rapid evolution of gas at the high 
current densities causes a stirring of the electrolyte which results 
in a reduction of the thickness of the diffusion layer. Further 
confirmation of this view has been obtained by experiments with a 
mercury cathode in dilute solutions of sulphuric acid containing 
potassium sulphate, and with various electrodes in hydrochloric 
acid solution. 

The experimental results have thrown further light on the factors 
influencing the rate of fall of the back E.M.F. of a polarised elec¬ 
trode; in the previous work on the mercury cathode {bo. cit .) it 
was shown that the diffusion of oxygen from the anode can affect 
the back E.M.F. and it is now found that the thickness of the 
diffusion layer may also influence the rate of fall. 

3q* 
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Experimental. 

The apparatus used in this work was the same as that described 
in previous communications ( loo . cit .); unless otherwise stated, the 
experiments were carried out at room temperature (about 16°) and 
anode and cathode compartments were not separated. 

Sulphuric Acid and Potassium Sulphate Solutions .—During the 
course of the measurements of the overvoltage at the mercury 
cathode in N /16-sulphuric acid containing potassium sulphate (see 
J., 1924, 125, 2651) it was found that, although the back EM.F. 
of the electrode decreased normally for the first 0*012 sec. after 
the polarising current was switched off, yet in certain cases, after 
this period had elapsed, an abnormal condition set in which was 
independent of the nature of the electrode vessel, and of the separ¬ 
ation or not of the anode and cathode compartments. The following 
typical result will make this abnormality clear : 

Back E.M.F. after: C.D. (amp./cm. 3 ) 0-003 0-006 0*012 0-024 

0-012 sec. 0-91 0-92 0-92 0-92 

0-018 „ 0-89 0-89 0-85 0*85 

After a certain interval of time, instead of the normal decrease of 
the back EM.F. there was a sudden, more rapid, fall of potential. 
This fall was first observed at the highest current densities used, 
but after increasing time intervals it was found to occur at lower 
current densities. At a higher temperature the sudden fall of 
potential took place after a shorter interval of time for any par¬ 
ticular current density. This curious behaviour was noted in all 
cases where the electrolyte contained an excess of potassium ions 
and where the potentials indicated that the normal hydrogen 
discharge was not the only cathodic process. Similar experiments 
in which sodium sulphate was used instead of the potassium salt 
gave similar results. 

The potential measurements suggest that the hydrogen-ion con¬ 
centration in the vicinity of the electrode in these solutions is 
impoverished, probably owing to the fact that the presence of a 
large excess of potassium ions prevents the hydrogen ions from 
diffusing up to the electrode as fast as they are discharged; the 
potential of the electrode becomes more negative and potassium 
ions are discharged to form an amalgam. When the polarising 
current is switched off, the hydrogen ions can diffuse through the 
impoverished layer of electrolyte without being discharged and so 
react with the amalgam, causing its rapid decomposition (see Klein, 
Z. anorg. Chem., 1924, 137, 39) and a consequent fall of potential; 
the t hi n ne r the diffusion layer the sooner will this sudden fall of 
potential occur. The results given above show that this fall occurs 
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soonest at the highest current densities, and hence we may conclude 
that under conditions of gas evolution the diffusion layer is thinnest 
at high current densities. An increase of temperature causes the 
rate of diffusion to increase, even if it does not appreciably influence 
the thickness of the diffusion layer, and so the time interval between 
switching off the current and the sudden fall of back E.M.F. is 
diminished. These conclusions regarding the diffusion layer in the 
special case under discussion are in agreement with those arrived 
at from a consideration of the difference between the direct and 
the extrapolated overvoltage measurements. 

If the above views are correct it is to be expected that rapid 
stirring of the electrode and electrolyte will have some influence on 
the fall of the back E.M.F. In these circumstances the diffusion 
layer would cease to exist the instant that the polarising current 
was switched off, and so a more rapid fall of potential right from 
the beginning would be expected at all current densities, but no 
sudden fall after an interval of time. These forecasts have been 
confirmed; up to 0*03 sec. after the polarising circuit was broken 
the rate of fall of the back E.M.F . was still normal at all the current 
densities used in the previous experiments; this rate of fall was 
greater initially than in a similar experiment in which the electrolyte 
was not stirred. The following figures illustrate the effect of 
stirring. 


Back j W.M.F. C.D. 


after : 

amp. /cm. 2 

0*002 

0*004 

0*008 

0*016 

0*002 see. 


0*98 

1*00 

1*02 

1:04.1 


0*006 „ 


0*95 

0*97 

0*99 

1*01 

- Not stirred. 

0*018 „ 


0*88 

0*90 

0-91 

0*89 J 


0*002 „ 


0*92 

0*94 

0*96 

0-991 


0*006 „ 


0*87 

0*89 

0*91 

0*94 

- Stirred. 

0*018 „ 


0*81 

0*83 

0*85 

0*87 J 



Hydrochloric Acid Solutions .—In the course of experiments with 
A r -hydrochloric acid as electrolyte, chlorine gas was always evolved 
at the anode. If the anode and cathode compartments were 
separated, no special precautions were taken before making measure¬ 
ments ; in other cases the polarising current was passed for some 
time so that the electrolyte dissolved a considerable amount of 
chlorine gas. In the latter circumstances no hydrogen could be 
liberated at the cathode unless a high current density was applied, 
e.g., 024 amp. per 10 sq. cm., but once gas evolution had commenced 
the current could be reduced by gradual stages to 0*015 amp. and 
the evolution of gas would continue. If the current was reduced 
suddenly, gas evolution ceased.. In making measurements it was 
usual to determine the potential by the direct method first, and 
then to measure the back E.M.F. at certain definite times after the 

3Q*2 
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polarising current was switched off, first with decreasing and then 
with increasing current densities. The results quoted below are 
the mean of those obtained with increasing and decreasing currents; 
the actual values for the same current density did not vary 
appreciably. 

The following table contains the results obtained with a mercury 
cathode of 10 sq. cm. exposed area in iV-hydrochloric acid; the 
anode and cathode compartments were not separated. 

C.D. Overvoltage. Back E.M.F. after: 

(amp./cm.*). Direct. Extrap. 0*002 0*004 0*006 0*008 0*012 0*018 sec. 


0*0015 

1*03 

1-01 

0*98 

0*96 

0*94 

0*91 

0*89 

0*84 

0*003 

1*07 

1*03 

1*00 

0*98 

0*96 

0*91 

0*89 

0*84 

0*006 

Ml 

— 

0*99 

0*97 

0*95 

0*89 

0*84 

*0*74 

0*012 

1*15 

— 

0*97 

0-94 

0*89 

0*80 

*0*67 

0*50 

0*024 

1*19 

— 

0*93 

0*89 

0*83 

*0*67 

0*49 

0*28 


These results show that there are two distinct abnormalities in 
the fall of the back E.M.F. after the polarising current is switched 
off. In the first place, although the direct overvoltage increases 
regularly, yet the back E.M.F. after 0*002 sec. at first increases 
and then decreases as the current density is increased. This 
suggests that immediately the current is switched off at the high 
current densities there is a very rapid fall of potential which cannot 
be detected directly. Following this the rate of fall of potential 
is fairly regular until after a certain interval of time there is another 
sudden fall in the back E.M.F. at the points marked with an 
asterisk in the above table. The period of time that elapses before 
this second fall of potential occurs decreases as the current density 
is increased. This fall of potential is not due to the failure of the 
electrode to reach its equilibrium condition when the current is 
switched on, since measurements have shown that at these high 
current densities almost the same potential is reached while the 
current is flowing whether the commutator is working or not. 

In the next experiments the anode and cathode compartments 
were separated by placing the mercury in a porous pot; the platinum 
anode was placed in the liquid which surrounded the pot. The 
same electrolyte, ^-hydrochloric acid, was used throughout. The 
results were as follows. 


C.B. 

(amp./cm,*). 

Overvoltage. 
Direct. Extrap. 

0*002 

Back E.M.F. after 
0*004 0*006 

0*012 sec. 

0*0015 

1*03 

1-01 

0*98 

0*96 

0*94 

0*S9 

0*003 

1-07 

1*03 

0*99 

0*97 

0*95 

0*89 

0*006 

Ml 

1*04 

1*00 

0*98 

0*96 

0-90 

0-012 

1*15 

1*05 

1*01 

0*99 

0*97 

0*91 

0*024 

1-19 

1*06 

1*02 

0*99 

0*97 

0*91 


These figures appear to be quite normal in every way, and hence 
it may be concluded that the abnormal fall of the back E.M.F. 
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observed in the previous experiment is due to the action of the 
chlorine gas liberated at the anode; in all cases where the chlorine 
was prevented from diffusing to the cathode the fall of potential 
was normal, but in other cases it was abnormal. In order to 
determine the influence, if any, of the material of the electrode 
vessel on the abnormal results, the platinum anode was placed inside 
the porous pot containing the mercury; the potentials were almost 
the same as those obtained with the mercury in a glass beaker, 
and hence the experiment did not yield any decisive result. Using 
a glass beaker which had been standing with concentrated alkali 
for about a week, the following back E.M.F.'s were measured at 
0*002 sec. after the polarising current was switched off :— 

C.D. 0*0015 0-003 0-006 0-012 0*024 

Back E.M.F . 0*06 0-97 0-95 0-91 0*80 

The inside of the beaker was then coated with paraffin wax and 
the following measurements were then recorded at the same series 
of current densities :— 

Back E.M.F . 0*98 0-97 0-98 0-97 0*95 

The initial fall in the back E.M.F. at high current densities is thus 
influenced to some extent by the material of the electrode vessel, 
and different results were obtained from time to time with different 
glass beakers. The sudden fall that occurred after the lapse of an 
interval of time was always observed, provided the anode and 
cathode compartments were not separated. 

Discussion. 

Applying the suggestions that have been put forward to explain 
the abnormal back E.M.F. of the mercury cathode in dilute 
sulphuric acid solutions (see Part II, loc. tit.), it appears that the 
first rapid fall of potential at the high current densities is to be 
attributed to the concentration of the electromotively active material 
at the circumference of the electrode owing to the action of surface 
tension forces. As soon as the polarising current is switched off 
this active substance appears to be rapidly attacked by the chlorine 
in solution, and the material of the electrode vessel may influence 
the rate of reaction; there is thus a rapid initial fall of potential. 
If the mercury was in such a condition that the surface forces were 
no longer operative, then this rapid fall of potential should not be 
observed; some experiments were therefore made with an amal¬ 
gamated lead electrode, which in most cases gives overvoltages 
that are not very different from those given by pure mercury. 
The electrodes used had an exposed area of 7*5 sq; cm. and the 
direct overvoltages were almost the same as those observed with a 
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pure mercury surface of the same area. The back E.M.F .’s 
measured at 0-002 see. alter the polarising current was switched 
off increased regularly as the current density increased independent 
of whether the anode and cathode compartments were separated 
or not, and showed no signs of abnormality. 


C.D. (amp./cm. 2 ) . 

... 0*004 

0*008 

0*016 

0*032 

Direct overvoltage . 

... 1*07 

Ml 

1*15 

1*18 

Back 23.MJ6 1 . after 0*002 sec. ... 

... 0*87 

0*88 

0*90 

0*93 


The subsequent rate of fall of the back E.M.F. was too great to 
make extrapolation possible, and so the actual overvoltages can 
only be inferred from the direct measurements. The decrease of 
back E.M.F ., although rapid, was quite regular in those cases in 
which the anode and cathode compartments were separated, but 
when this was not the case a sudden fall of potential was observed 
after an interval of time had elapsed; first at the higher current 
densities, and after increasing periods at the lower current densities. 
It appears therefore that the initial sudden fall of potential observed 
with the mercury cathode in the presence of dissolved chlorine is 
connected with the surface tension forces that are operative when 
the current is flowing, but the subsequent rapid fall after an interval 
of time is due to another cause. 

According to the views expressed in connexion with the abnormal 
results obtained with the mercury cathode in sulphuric acid con¬ 
taining potassium sulphate, the sudden fall of potential that is 
observed some time after the polarising current is switched off is 
apparently due to the diffusion of chlorine through the layer of 
electrolyte in immediate contact with the electrode. Judging by 
the difference between the direct and the extrapolated overvoltages, 
this layer should be thinnest at the highest current densities, and 
consequently under these conditions chlorine will take the least 
time to diffuse through. By removing the active hydrogen very 
rapidly, the chlorine causes a sudden fall of potential, which will 
occur soonest at the high current densities; the two tables given 
above show that the time which elapses between switching off the 
current and the commencement of this rapid fall of potential is 
roughly proportional to the resistance which is the cause of the 
difference between the direct and the extrapolated overvoltages. 
Since this rapid fall of potential could not be connected in any 
way with the material of the electrode or of the cell, but should 
depend simply on the existence of a diffusion layer, it should occur 
wSfc ptiher electrodes in hydrochloric acid. Experiments with lead 
and copper electrodes have shown that this is actually the case; 
although neither of them showed the very rapid initial fall of the 
back E.M.F. th&t occurred with the mercury cathode, yet in both 
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cases there was a sudden fall of potential after a certain interval 
of time; this interval was shortest at the highest current densities. 
Where the anode and cathode compartments were separated before 
the electrolyte had dissolved any chlorine gas this rapid fall of 
potential was not observed in any case investigated hitherto. 

Since both types of abnormal back E.M.F, are connected in 
some way with the chlorine gas dissolved in the electrolyte, but in 
one case the fall takes place almost the instant the current is 
switched off, whilst in the other only after an appreciable interval 
of time, it is clear that in the former case the diffusion layer must 
be extremely thin. This means that the layer of solution con¬ 
taining dissolved chlorine must be almost in direct contact with 
the mercury at its circumference, since it is considered that it is 
there that the first rapid removal of active material occurs imme¬ 
diately the current is switched off. It is possible that the forces 
acting at the electrode-electrolyte interface under the influence of 
the current cause fresh electrolyte containing dissolved chlorine to 
be drawn continuously towards the circumference of the electrode, 
and so no appreciable time elapses for the chlorine to diffuse in. 
When the current is off, the surface forces are no longer operative, 
and so fresh electrolyte is no longer drawn to the circumference of 
the mercury, neither is there such a large concentration of active 
material in this vicinity; hence the subsequent fall of potential 
is not very rapid until chlorine diffuses up to the main portion of 
the electrode surface. 

Summary . 

An examination of the difference between the direct and the 
extrapolated overvoltages at lead and mercury cathodes in various 
electrolytes has led to the conclusion that the thickness of the 
diff usion layer at an electrode from which gas is being liberated 
freely decreases as the current density is increased; this is probably 
due to the stirring caused by the rapid evolution of bubbles. This 
view has been confirmed by an analysis of the abnormal fall in the 
back E.M.F. of a mercury cathode in a dilute solution of sulphuric 
acid containing an excess of alkali sulphate, and of various cathodes 
in A r -hydrochloric acid saturated with chlorine. In previous work 
it has been found that oxygen diffusing from the anode may influence 
the initial fall of the back J LM.F. of a mercury cathode in a manner 
which depends on the material of the electrode vessel and the 
current density ; a similar abnormality has been observed as the 
result of the diffusion of anodic chlorine towards a mercury cathode 
in hydrochloric acid solution. 

Univebsity College, Exeter. [Received, May Iftih, 1925.] 
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CCXLIII .—The 4- and 5-Nitro-l: 2-Dimethylglyoxalihes. 


By Vinayak Keshav Bhagwat and Prank. Lee Pyman. 

In the methylation of 4(5)-nitroglyoxaline (Hazeldine, Pyman, and 
Winchester, J., 1924, 125, 1431) and 4(5)-mtro-5(4)-metbyl- 
glyoxaline (Pyman, J., 1922, 121, 2616) by methyl sulphate, 360 
and 233 times respectively as much of the isomerides with 
N0 2 : (N)Me in the 5:1-positions were isolated as of those with 
N0 2 : (iV)Me in the 4:1-positions. Under similar conditions, 
4(5)-nitro-2-methylglyoxaline (I) yields 5-nitro-l : 2-dimethylgly¬ 
oxaline (II) and i-nitro-1: 2-dimethylglyoxaline (III) in the relative 
proportion 50:1. The constitution of the first of these (and 
therefore of the other also) was determined by reduction and 


NO, 


1H-NH 

3-N 

(I-) 


NO. 


yC-NMe 
OH- 
(II.) 


'e and 


N0 2 -O 


(HI.) 


fission, as in the investigationscited above, when ammonia, methyl- 
amine, and glycine were identified, but here a small quantity of an 
unidentified base, C 5 H 10 N 2s was also obtained. On nitrating 
1:2-dimethylglyoxaline, the 4- and 5-nitro-derivatives were 
isolated in the relative proportion 2:1, this result being similar to 
that obtained by the nitration of 1-methylglyoxaline (Hazeldinej 
Pyman, and Winchester, be. cit.). The 5-nitro-eompound gave a 
pierate and is thus a stronger base than the 4-isomeride, from which 
no pierate could be prepared. Moreover, the 5-isomeride combines 
with methyl iodide at 100°, whereas the 4-isomeride does not react 
with methyl iodide at 100°, although it does so at 150°. The 
methiodides of the two isomerides are identical, being 4(5)-nitro- 
1:2: 3-trimethylglyoxalinium iodide, which yields on distillation 
4-nitro-l : 2-dimethylglyoxaline. The properties of the isomerides 
are thus generally similar to those of the 5- and 4-nitro-1 -methyl- 
glyoxalines.* 

The reactivity of the 2-methyl group in these compounds has 
been examined. Since the bromine atom in 2-bromo-5-nitro- 
1:4-dimethylglyoxaline can be replaced by the sulphonie acid 
residue (Pyman and Timmis, J., 1923, 123, 494), it was thought 
that 5-nitro-l: 2-dimethylglyoxaline might react with benzaldehyde 
to yield 5-nitro-2-styryl-l -methylglyoxaline under the conditions 
used by Windaus and Langenbeck (Ber,, 1923, 56, 683) for convert¬ 
ing 4(5)-nitro-5(4}-methylglyoxaline into 4(5)-nitro-5{4)-styrylgly- 

* ft is shown in. the experimental part that the behaviour of the pair of 
isomerides 4(ahd 55-nitro-l: 5{and 1 :4)-dimethylgIyoxalines is similar. 
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ozaline, but neither 4- nor 5-nitro-l : 2-dimethylglyoxaline reacted 
■with benzaldehyde, and the result calls to mind an unsucc essf ul 
attempt to condense 2-methylglyoxaline-4(5)-sulphonic acid with 
benzaldehyde (Forsyth, Moore, and Pyman, J., 1924, 125, 919). 

5(4)-Bromo-4(5)-nitro-2-methylglyoxaline (IV) is very easily 
converted into the ammonium salt of 4(5)-nitro-o(4:)-thiol-2-methyl- 
glyoxaline (V) by means of ammonium sulphide. 


(IV.) 


N0 2 -O 


S B ^>CMe 


NO a -C— ISf* ° Me 


(V.) 


Expebimektal 
The 4- and 5-Nitro- 1 : 2 -dimethylglyoxalines. 

(A) Preparation by Nitration of 1 :2 -Dimethylglyoxaline. —Con¬ 
centrated sulphuric acid (6 c.c.) was added to 1 :2-dimethyl¬ 
glyoxaline (3 g.) in nitric acid (6 c.c.; d 1-4) at 0°, the product 
heated for 4 hours at 100°, cooled, and aqueous sodium hydroxide 
added, when nearly pure 4-nitro-l : 2-dimethylglyoxaline (0*5 g.) 
separated. Chloroform extracted from the filtrate a mixture of 
bases which was separated by ether into sparingly soluble and 
readily soluble fractions (0*9 and 2*0 g.), the latter consisting 
largely of 1 : 2-dimethylglyoxaline. After fractional crystallisation 
as picrate or base, there were isolated in almost pure condition 

4- nitro-l : 2-dimethylglyoxaline (yield 20% *), 5-nitro-l : 2-di- 
methylglyoxaline (yield 10%), and unchanged 1 :2-dimethyl¬ 
glyoxaline (yield 22%). 

(B) Preparation by Methylation of 4( 5)-Nitro-2-methylglyoocaUne .— 
4(5)-Nitro-2-methylglyoxaline (20 g.) and methyl sulphate (16 c.c.) 
were heated for 1 hour at 100°, and the products worked up as in 
analogous cases described previously (e.g., J., 1922, 121, 2616), 
when 2*0 g. of 4(5)-nitro-2-methylglyoxaline were recovered, whilst 

5- nitro-l : 2-dimethylglyoxaline was isolated as picrate (33 g., 
pure, yield 57%), and 4-nitro-l : 2-dimethylglyoxaline as base 
(0*25 g., pure, yield 1*1%). 

4-Nitro-l : 2-dimethylglyoxaline (III} crystallises from alcohol in 
glistening needles, m. p, 182—183° (corr.). It is easily soluble in 
alcohol, somewhat sparingly soluble in cold water, and sparingly 
soluble in ether (Found: C, 42*4; H, 5*0. C 6 H 7 0 2 ]Sr 3 requires 
C, 42*6; H, 5*0%). 

The hydrochloride is obtained on spontaneous evaporation of a 
solution of the base in concentrated hydrochloric acid in long 
needles which on rapid heating sinter at about 175° and melt with 

* The compounds described in this paper were colourless, and yields are 
given in percentage of the theoretical, except where it is stated to the contrary. 
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effervescence at about 215°. It dissociates on heating at 100° or 
on treatment with water, giving the base. The base did not yield 
a pierate. 

5-Nitro-l : 2-dimethylglyoxaline (II) crystallises from water in long, 
stout needles, m. p. 138—139° (corr.). It is easily soluble in alcohol, 
and somewhat sparingly soluble in cold water or ether (Found: 
C, 424; H, 5-1. C 5 H 7 0 2 N 3 requires C, 42-6; H, 5*0%). The 
hydrochloride crystallises from dilute hydrochloric acid in large 
prisms, m. p. 195° (decomp.; corr.) after sintering earlier. It is 
very easily soluble in water or alcohol, but sparingly soluble in 
acetone. It is not dissociated by water, and remains unchanged 
in m. p. after prolonged heating at 100°, but the salt is slowly volati¬ 
lised. The pierate crystallises from water or alcohol in yellow 
needles, m. p. 162—163° (corr.). It is very sparingly soluble in these 
solvents when cold (Found : C; 35*8; H, 3*0. C 5 H 7 0 2 N 3 ,C 6 H 3 0 7 1SI3 
requires C, 35*7; H, 2*7%). 

4:(5)-Nitro-l : 2: Z-trimethylglyoxalinium iodide is formed on 
heating methyl iodide with 5-nitro-l : 2-dimethylglyoxaline at 100° 
(but not on heating under reflux), or with 4-mtro-l: 2-dimethyl¬ 
glyoxaline at 150° but not at 100°. It crystallises from alcohol in 
bright yellow needles, m. p. 195—196° (decomp.; corr.). It is 
soluble in water and rather less so in cold acetone (Found : I, 44*8. 
CgHjgOgNgl requires I, 44*9%). On heating this salt (3 g.) over a 
free flame under 33 mm. until distillation began, and crystallising 
the combined distillate and residue from alcohol, 4-nitro-l : 2- 
dimethylglyoxaline (1*0 g., m. p. 179—180°, yield 67%) was 
obtained. 

Attempted Condensations with Benzaldehyde. —Both 4- and 5-nitro- 
1 :2-dimethylglyoxalines were recovered to the extent of 90% 
unchanged after heating 1 g. with benzaldehyde (2 c.c.) and 
piperidine (0*2 c.c.) for 2 hours at 155—160° under reflux. 

Reduction of 5-Nitro-l : 2 -dimethylglyoxaline. —To a solution of 
the base (14 g.) in concentrated hydrochloric acid (50 c.c.), a solution 
of hydrated stannous chloride (68 g.) in concentrated hydrochloric 
acid (150 c.c.) was added below 10°. After keeping over-night, tin 
was removed by hydrogen sulphide, when partly crystalline hydro¬ 
chlorides were obtained. On extraction with absolute alcohol, 
amm onium chloride (6 g.) remained undissolved; the extract was 
then added to a solution of picric acid (25 g.) in hot water (11.), when 
picrates were deposited from which after repeated crystallisation 
from water and alcohol, 1*5 g. of a pierate, m. p. 142*5° (corr.), were 
obtained (Found: C, 39*7, 39*4, 39*1, 39*1; H, 3*7, 4*0, 3*9, 3*8. 
% 21*7, 21*7, 214. C 5 H 10 N 2 ,C 6 H 3 O 7 N 3 requires C, 40*4; H, 4*0; 
N, 214%). The mother-liquor was extracted with ether to remdve 
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picric acid, and evaporated to dryness, when about 7 g. of partly 
crystalline hydrochlorides were obtained. These were separated 
by the method used by Hazeldine, Pyman, and Winchester (loc, cit 
p. 1435) into ammonium chloride (1*0 g.), crude methyl amine hydro¬ 
chloride (1*6 g. containing 54*0% Cl) and the hydrochloride of glycine 
ethyl ester (0*8 g., m. p. 136—140°), yielding the pure substance, 
m. p. 143—144° (corr.; alone or mixed with a synthetic specimen). 

4:(5)-Nitro-5(4:)-thiol-2-methylglyoxaline (V).—Hydrogen sulphide 
was passed through a warm solution of 5(4)-bromo-4(5)-nitro- 
2-methylglyoxaline (2 g.) in 5A 7 -ammonia (15 c.c.) for J hour, when 
the ammonium salt of 4(5)-nitro-5(4)-thiol-2-methylglyoxaline 
separated in deep yellow prisms * (1*7 g., yield almost theoretical). 
It is readily recrystallised from water, and both the crude and the 
purified material darken from 190°, being quite black by 210° (corr.). 
This salt is anhydrous, and yields ammonia when boiled with 
aqueous sodium hydroxide (Found: C, 27*6; H, 5*0; N, 31*9; 
S, 18*3. C 4 H 8 0 2 N 4 S requires C, 27*3; H, 4*5; N, 31*8; S, 18*2%). 
On rendering its aqueous solution faintly acid with hydrochloric 
acid, 4:{5)-nitro-5(4:)-tliiol-2-methylglyoxaline is obtained as a yellow, 
crystalline precipitate, m. p. ca. 260° (corr.; decomp.) crude or 
after crystallisation from alcohol (Found: C, 30*3, 29*8; H, 3*5, 
3*2. C 4 H 5 02N 3 S requires C, 30*2; H, 3*1%). It is sparingly 
soluble in alcohol or hot water, and readily soluble in alkalis, 
ammonia, and sodium carbonate, giving bright yellow solutions, 
whilst sodium hydroxide gives an orange-yellow solution, which 
reddens on keeping. It dissolves in 5N -hydrochloric acid, but the 
solution soon deposits pale buff crystals of the hydrochloride, m. p. 
ca . 260° (corr.; decomp.), which dissociate on treatment with water. 

4=(5)-Nitro-l: 3 : 5(4 )-;Wimethylglyoxalinium iodide is formed on 
heating methyl iodide with 5-nitro-l : 4-dimethylglyoxaline under 
reflux or with 4-nitro-l : 5-dimethylglyoxaline at 100° (but not 
under reflux). It crystallises from acetone in bright yellow, 
prismatic needles, m. p. (of material dried at 100°) 134—135° (corr.), 
and is readily soluble in water or alcohol, but sparingly soluble in 
cold acetone (Found: loss in a vacuum, 2*9. C 6 H 10 O 2 N 3 I,|H 2 0 
requires H 2 0, 3*1. Found, in dried salt: I, 44*9. C 6 H 10 O 2 N 3 I 
requires I, 44*9%). After heating the air-dried salt (6 g.) under 
diminished pressure until all methyl iodide was removed, and 
crystallising the residue from water, 4-nitro-l: 5-dimethylglyoxaline 
(2*42 g., pure, yield 83%) was obtained, whilst the mother-liquors, 
after being mixed with picric acid and seeded with 5-nitro-l: 4-di¬ 
methylglyoxaline picrate, deposited a minute quantity of a crystal- 

* The formation of crvstals in this way was first observed by Mr. L. Light,: 
M.Se.Teeh. 
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line pier ate. 4-Nitro-l : 5-dim ethylglyoxaline dissolves in con¬ 
centrated hydrochloric acid, but after spontaneous evaporation in 
the air the base rem ains . On adding water to the solution of the 
base in concentrated hydrochloric acid, the base is precipitated. 

5-Nitro-l : 4 -dimethylylyoxaline hydrochloride crystallises from 
dilute hydrochloric acid in prisms, which, after drying at 100°, melt 
and decompose at 188° (corr.). It slowly volatilises at 100°. After 
evaporation with water it can be recovered unchanged. 

One of us (Y. K. E.) desires to thank the University of Bombay 
for a Sir Mangaldas Nathubai Technical Scholarship which has 
enabled him to take part in the investigation. 

Municipal College op Technology, 

University op Manchester. [Received, June 19th, 1925.] 


CCXLIV.— Some Physical Properties of Aniline and 
its Aqueous Solutions. 

By Mal colm Percival Applebey and Percival Glyn Davies, 

In the course of work on the osmotic properties of aniline solutions 
(see following paper) the authors have had occasion to prepare this 
liquid in a pure condition and to make some measurements of its 
principal properties, as well as to investigate the effect of water 
upon those properties. 

The aniline, purified from thiophen compounds by the method 
of Hantzsch and Freese (Ber., 1894, 27, 3), was finally dried over 
solid potash and fractionated in an apparatus shielded from atmo¬ 
spheric moisture and carbon dioxide by soda-lime tubes. It showed 
no brown colour, but had a bright blue fluorescence and boiled well 
within half a degree. The fluorescence disappeared in the course 
of a few days, even when the liquid was kept in closed brown 
stoppered bottles in a desiccator in a dark cupboard. 

The physical properties of purified aniline have been measured 
by Timmermans (Proc. Roy . Soc. Dublin , 1912, 13, 326), Knowles 
(J. Ini, Mng. Chem., 1920, 12, 881), Schwers (J. CUm, Phy&. 9 
1911, 9, 15), and Tyrer (J., 1911, 99, 872; 1912, 101, 84). Their 
values are compared with ours in the following table:— 

Applebey Ti miner- 

and Davies. mans. Knowles. Schwers. Tyrer. 

F.p. —5-98° -6-2° -6-24° — — 

B. p. 184° (appi.) 184-40° 184-32—184-39° — — 

df. 1-02316 (20°) 1-03909(0°) 1-0268 (15°) 102479(17-6°) I-02840{12-87°) 

1-02225 (21-89°) 

»g*' 1-68685 — 1-5860 — — 
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The freezing points recorded by other workers are in each case 
lower than that observed by us. The differences are in our opinion 
due in all probability to the care we have taken to exclude water. 
Aniline, like many, other organic liquids, takes up small quantities 
of water with extreme avidity. Our value for the freezing point 
is confirmed by the work of Ampola (Gazzetta, 1895, 27, i, 35), who 
obtained — 5*96°, and our value for the refractive index is some¬ 
what supported by the determinations of Briihl and Weegman 
(compare Landolt-Bomstein, <£ Tabellen ”}, both of whom obtained 
values of considerably higher than that of Knowles. The 
lower freezing point recorded by Knowles would correspond to 
about 0T% of water, the refractive index to about 0-7%, assuming 
the values now obtained to be the correct ones. The various 
values recorded in the above table for the relative density, though 
they differ considerably among themselves, lie upon a fairly smooth 
curve when plotted against the temperature of determination. This 
is not surprising, since the relative density, while much affected by 
changes of temperature, is hardly altered by the addition of water 
as will be shown later. 

Density .—Density measurements were made in pyknometers of 
about 10 c.c. capacity, weighed against sealed counterpoises in the 
manner described by Hartley and Barrett (J., 1911, 99, 1072). 
The pyknometers were filled by slow suction so as to avoid air 
bubbles, any filling which showed signs of air bubbles or dust being 
discarded. The filling with ani l i n e occupied about 15 minutes, so 
that the possibility of absorption of water vapour from the air 
during filling had to be considered. By filling at rates varying 
from 10 to 40 minutes, however, no variation of density of the 
same sample could be detected. It may therefore be assumed that 
the water absorbed in this time has a negligible effect on the density. 
Further, careful determinations with a specific gravity bottle, which 
can be filled much more quickly, gave results in close agreement 
with the pyknometer determinations. The value obtained for pure 
aniline was = 1*02315 or <£$' = 1-02136. 

The density of a saturated solution of water in aniline at 20° 
was found to be — 1-02393. (The solution used for this deter¬ 
mination was prepared in a thermostat, left to settle for several 
days, and kept at 25° during filling in order to avoid separation of 
phases.) Thus about 5% of water produces a density-change of 
only 0-00078. 

Refractive Index .—The refractive indices of pure aniline and of 
some solutions were determined for sodium light by means of a 
Pulfrich instrument. The liquids were warmed to about 25° and 
determinations were made during subsequent cooling. The refeae* 
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tive indices at 20° were read off the resulting refractive index- 
temperature curves. These curves were all nearly linear, the tem¬ 
perature coefficient in each case being very near to — 0*00030 per 
degree. 


% Water . 0-0 1*0484 2*1232 3*0571 

«$• obs. 1*58685 1*58396 1*58114 1*57861 

nfc ale. — 1*58402 1*58112 1*57860 


The refractive index is a linear function of the percentage com¬ 
position, as is seen from the last column, which is calculated from 
the equation nig' = 1*58685 — 0*00270p, where p is the percent¬ 
age of water. The change of refractive index with composition is, 
however, quite small. 

Viscosity .—The viscosities of aniline and of some solutions were 
measured in three viscosimeters. One, which had a time of flow of 
about 60 minutes with pure aniline, had been standardised by the 
method previously described by one of us (J., 1910, 97, 2000) and 
found to obey Poiseuille’s law accurately. The others, which had 
times of flow of 45 and 15 minutes respectively, gave the same 
values for the ratio Time of flow for aniline /Time of flow for water 
as the standard instrument and therefore were in accord with 
Poiseuille’s law. Using freshly distilled aniline for each deter¬ 
mination, values for the time ratio were found varying about a 
mean value of 4*309. Using Thorpe and Rodger’s value for the 
viscosity of water at 20°, this gives the absolute viscosity of aniline 
as 0*04468, a value almost identical with that obtained by PoiseuiUe 
(0*04467) but considerably higher than the later determinations by 
Faust (0*433 at 18°) (Z. physikal. Ghem 1912, 79, 99). No great 
weight can, however, be attached to these determinations, since it 
was found that the viscosity of pure aniline is not a constant 
quantity. The variability of the results obtained and the fact, 
which farther investigation brought to light, that freshly dis tilled 
aniline suffers appreciable change in viscosity when kept, even 
when it is stored in a desiccator in the dark, show that some 
change takes place after distillation. As an example, aniline kept 
for a week after distillation had a viscosity of 0*04439, nearly 1% 
less than that of the freshly distilled sample. The change was not 
due to absorption of water, since the freezing point showed no 
depression. The aniline was still fluorescent, though it should be 
noted that the action of light does produce a further slight change 
of viscosity. 


The viscosities of two solutions were measured; they were made 
freshly disiaUed aniline and gave the following results:— 


0*227 

0*0441 


0*344 

0*0438 
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Freezing Points ,—The freezing points were measured in a Beck¬ 
mann apparatus. The temperatures were in each case determined 
with different amounts of supercooling, and the accurate freezing 
points (with no supercooling) estimated from the resulting curve. 


% Water. 

F. p. 

% Water. 

F. p. 

0 

- 5-980° 

3-372 

-8*80° 

0-227 

- 6-675 

3-820 

-6-15 

0*344 

- 7-050 

3-880 

-5*65 

0-489 

- 7-550 

4-127 

-4-00 

0-848 

- 8-400 

4-219 

-3-60 

1-015 

- 8-625 

(congruent 


1-490 

-10-000 

solutions) 

-0*60 

2-059 

-11-000 

97*203 

-0*50 

2*575 (eutectic) 

-11-85 

97-60S 

-0*43 

2-952 

-10-30 

Fig. 1. 

97-928 

-0-38 

96 

97 

98 

99% water. 



The results are plotted in Fig. 1. It will be seen that the eutectic 
is on the aniline side, the solid separating from solutions containing 
more than 2-575% of water being ice. The determinations on the 
ice side of the eutectic were confirmed and extended by Miss E. M. 0. 
Farrow, to whom our best thanks are due. They are necessarily 
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somewhat uncertain, since in this region a small separation of solid 
brings about a relatively large change of concentration. 

Taking 58*7 as the cryoscopic constant for aniline (Ampola e 
Rimatori, Gazzetta, 1897, 27a, 35), the calculated molecular weight 
of water rises from 22*9 in very dilute solution to 25*1 in a solution 
in the neighbourhood of the eutectic. There is thus clear evidence 
of association of water in aniline solution. The freezing points of 
the dilute solutions of aniline in water also indicate association of 
the solute, the molecular weight calculated being about 105 instead 
of 93. 

Inorganic Chemistry Laboratory, 

Oxford. [Received,, April 17 th, 1925.] 


CCXLV .—Osmotic Pressure by the Solubility Method in 
Concentrated Solutions . 

By Malcolm Percival Applebey and Perceval Glyn Davies. 

The changes which are produced in the solubility relations of two 
partially miscible liquids when a solute is added which is soluble 
in only one of the liquids have been studied by Nernst and others. 
JSTemst has shown that, when the quantities of solute added are so 
small as to enable the dilute solution relations to be used, the 
lowering of solubility of the solvent A (which dissolves the solute) 
in the second solvent B is an osmotic property, connected with the 
osmotic pressure by the relation 

p _L-L' 0-0819T . lOOOd 
L' * M 0 

in which P is the osmotic pressure (through a membrane permeable 
to solvent A), L is the solubility of solvent A in solvent B, L' the 
altered value of L when the solvent A contains the solute, while d 
and M q are the density and molecular weight of solvent A. The 
correctness of this expression and its usefulness as a method of 
molecular-weight determination have been sufficiently proved by 
Nerost’s experiments (Z. physikdt . GJtem ., 1890, 6, 16) and by those 
of ToUoczko {ibid,, 1896, 20, 389) and Khster (Ber., 1894, 27, 324). 
These experiments, however, throw no light on the behaviour of 
strong solutions. The osmotic relations of such solutions can at 
present only be investigated by means of the direct method or by 
means of vapour-pressure measurements and the application of 
Pewter’s relation (Proc. Boy Soc 1907, A, 79, 519). Of these 
; ^l^ect method is not only costly, but also is only applicable for 
of substances for which a suitable membrane 
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can be found. The vapour-pressure method, on the other hand, is 
laborious and also requires for the solution of the integral terms of 
Porter’s equation far more information as to the specific volumes 
and compressibilities of solution, solvent, and vapour than is 
usually available. It therefore seemed worth while to investigate 
the phenomenon of solubility lowering in strong solutions in the 
hope of opening up another way of approach to the osmotic relations 
of strong solutions. 

The osmotic behaviour of sucrose in aqueous solution has been 
so much more thoroughly studied than that of any other substance 
that any experiments on other osmotic properties must begin with 
this system. The problem of choice of materials accordingly resolves 
itself into finding a second solvent which can be obtained pure, 
which dissolves fairly large (and therefore determinable) quantifies 
of water and in which sucrose itself is insoluble. The solvent which 
best fulfils these requirements is aniline, which may be obtained 
in a standard and highly purified condition. It dissolves about 
5% of water at 20° and has no appreciable solvent effect on sucrose. 
The aniline, which was obtained from Kahlbaum or Merck, was 
purified in the manner described in the preceding paper. In all 
cases, however, the aniline was redistilled not more than 3 days 
before use. Its purity was frequently tested by determining its 
freezing point. The freshly distilled aniline froze at — 5*98°; any 
samples which showed a lower freezing point than — 6*1° were 
dried over potash and redistilled. 

The water used was twice redistilled from a well-steamed-out 
glass still and collected in a receiver protected from dust and other 
atmospheric contamination. The sucrose was Kablbaum’s purest 
product, powdered and dried in a sulphuric acid desiccator before use. 

The solutions were prepared by stirring weighed quantities of 
aqueous solutions of sucrose of known content with measured 
quantities of aniline in a mercury-sealed stirring bottle of brown 
glass. The bottle was immersed in a thermostat maintained at 
20° ± 0*01°. The stirring was continued for a day and the solutions 
were then left over-night in the thermostat to settle. The aniline 
phase was removed by means of a dry pipette in experiments where 
it constituted the upper layer, or by a syphon tube when its density 
was greater than that of the aqueous phase. In the latter case the 
difficulty of introducing the syphon without entrapping some of the 
upper layer was overcome by having the end of the syphon blown 
out into a thin closed bulb which could be broken against the 
bottom of the vessel after the syphon was in position. The solutions 
were then centrifuged in a room the temperature of which never 
differed by more than a degree from 20°, so as to remove the last 
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particles of aqueous phase remaining. The method of centrifuging 
carried out at temperatures differing from the exact experimental 
temperatures is clearly only permissible when the amount of 
aqueous phase remaining is negligibly small. It is obvious also 
that it cannot be used for aniline phases in equilibrium with pure 
water or very dilute solutions. Other methods have to be used 
in these cases to obtain complete separation. 

Determination of Concentration of Equilibrium Solutions ,—It was 
hoped that some one of the physical properties of aniline might be 
sufficiently sensitive to the addition of water to enable the com¬ 
position of solutions to be estimated by careful measurement of 
the property. Accordingly the variations of density, refractive 
index, viscosity, and freezing point produced by the addition of 
water were determined. For one cause or another, all these 
measurements proved unsuitable. The effect of water on the 
density and refractive index of aniline is too small; the viscosity is 
untrustworthy owing to changes occurring with time; and the 
freezing point is inaccurate as a measure of concentration over the 
range of the present experiments, since the solid phase separating 
consists of the component present in small concentration. Details 
of these measurements will be found in the preceding paper. 

In these circumstances recourse was had to direct solubility 
measurements. Weighed quantities of the solutions, freed from 
the aqueous phase by centrifuging, were sealed up in glass tubes 
either alone or with weighed quantities of water added. The tubes 
were shaken in well-stirred water of slowly changing temperature, 
and the temperatures at which turbidity occurred on cooling and 
disappeared on heating were determined. These temperatures 
differed by not more than 0*2° and the mean was taken to be the 
temperature of saturation. As there is difficulty in deciding upon a 
safe criterion of transparency, and as our experience showed that 
the results depend to a certain extent upon the conditions of lighting 
of the tubes, it was thought advisable first to construct a solubility 
curve by measuring the temperatures of saturation of known mixtures 
of aniline and water, and to use this curve in interpreting our results 
rather than the determinations of Sidgwiek, Pickford, and Wilsdon 
(J., 1911,99,1122). The following results were obtained, t being the 
temperature of saturation: 


% Water .., 4-534 4-659 4*815 4*926 4-950 5-398 5-899 6-104 

.. ,15*9 18*3 20-5 21-15 22*6 34-1 43-5 47-5 


A smoothed curve was drawn representing these measurements 
and used in the subsequent determinations. The saturated solution 
r .from the curve appears to contain 4*835% of water, whereas 
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Sidgwick, Pickford, and Wilsdon give 5-123%. The discrepancy 
may be due in part to difference in the aniline used, but is more 
probably to be ascribed to differences in the conditions of deter¬ 
mining the saturation temperatures. It is of no great moment for 
our purpose, as only comparative measurements are in question. 
As an example of the consistency of the results obtained in measuring 
the amount of water in the equilibrium solutions, details are given 
of the analysis of the aniline phase in equilibrium with a solution 
of 420 g. of sucrose in 1000 g. of solution. 

Wt. of solution Water added Temp, of % Water in 
(g.). (g.). satn. original soln. 

—* 0-0 9-5° 4*57 

2-1163 0-0241 39-9 4-53 

1-6367 0*0098 27*8 4*56 

Mean 4-55 

* The solution in this experiment was not weighed and the temperature 
was determined in an open tube. The agreement with the other experiments 
shows that losses during sealing are of no importance. 

The method was also tested on two occasions by shaking pure 
aniline and water in the thermostat at 20°, allowing to stand in 
the thermostat for a fortnight (the method of centrifuging cannot 
be used in this case), and determining the temperature of saturation 
of the aniline layer in unsealed bulbs. The two experiments gave 
20-2° and 20*5°, temperatures sufficiently near to 20° to show that 
the method was satisfactory; if complete separation by centrifuging 
had been possible, no doubt an even better agreement could have 
been obtained. 

The equilibrium experiments are summarised in the following 
table : 

Cone, of sugar soln. Cone, of water. Osmotic press, (atm.). 


g./lOOO g. 


g-lg-of 

Mgl. 

From 



of solution. 

g./litre. 

solution. 

fraction. 

Nernst. 

Detd. 

Calc. 

0 

0 

0*04835 

0-2078 

— 

7-4 

5 

300 

348-1 

0*0466 

0*2016 

50 

40 

43 

420 

498-4 

0*0455 

0-1976 

83 

69 

67 

540 

676-1 

0*0439 

0-1917 

135 

119 

103 

660 

872-8 

0-0407 

0-1797 

250 

218 

180 


The values for the osmotic pressures in the sixth column are derived 
from the determinations of Berkeley and Hartley (Phil. Trans., 
1906, 206, A, 481; 1919, 218, A, 344), allowance being made for 
the difference of temperature and for the presence of aniline in 
the aqueous phase. 

It will be noted that the Nernst dilute solution formula soon 
begins to diverge from the experimental values when the concen¬ 
tration becomes fairly large. In the following pages an attempt is 
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made to relate the solubility lowering to the osmotic pressure of 
solutions outside the range of the dilute solution law. 

Since the two solutions, of sugar in water and of water in aniline, 
are in equilibrium, they must have the same osmotic pressure 
through a membrane permeable to water. Now the a nilin e phase 
is an extremely concentrated solution of aniline in water of the 
osmotic pressure of which we know nothing. There is, however, 
an exact relation between the osmotic pressure of a solution 
measured by a membrane permeable to one of its constituents and 
the conjugate osmotic pressure measured by a membrane permeable 
to the other constituent. This relation, deduced by Berkeley and 
Burton (PM. Mag., 1909, 17, 598), takes the form of a differential 
equation 

dP j dP g 

dc 2 CjWji dc x 

in which P x = ordinary osmotic pressure-water membrane; P 2 = 
conjugate osmotic pressure-aniline membrane; c x = g. of solvent 
(water) per g. of solution; c 2 = g. of solute (aniline) per g. of 
solution; u x and u 2 = specific volumes of solvent and solute 
respectively. 

Now the solutions in question, though they are concentrated 
solutions of aniline in water, are dilute solutions of water in aniline, 
and it might therefore be supposed that they would obey the 
dilute solution law P 2 = PTc x and therefore dP 2 jdc 1 = PT, in which 
case Berkeley and Burton’s expression can be integrated, giving 

P x = — RT^ (log c x + e 2 ), 

the constant of integration being zero, since P x — 0 when c 2 = 0 
and c x = 1. This method of interpreting the solubility results 
was suggested to us by the late Dr. G. V. Burton, and gives at 
once a value for the osmotic pressures of the sugar solutions. 
Unfortunately, however, the calculations give results which are 
widely at variance with the known osmotic pressures of these 
solutions, and the only conclusion which can be drawn is that the 
assumption that the conjugate osmotic pressures obey the dilute 
solution law is very far from being true for saturated solutions of 
water in a ni line. The true value of dP 2 [dc x must in fact be very 
much less than MT* The same conclusion may be clearly drawn 
from many experiments on the freezing points of systems consisting 
of partially miscible liquids. For example, the curves found by 
Sidgwiek and Turner (J., 1922, 121, 2257) for the temperatures 
of separation of o- and m-chlorophenol in presence of increasing 
quantities of water bend very definitely upward and appear to meet 
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the liquid-liquid line almost horizontally, i.e ., with a very small 
value of dTjdo and therefore of dP/dc. The same upward curvature 
may be observed in the curve for the separation of solid aniline 
from aqueous solutions (see preceding paper), but not so clearly 
in this case, since the eutectic intervenes before the curvature has 
become very pronounced. 

Although this method of treatment, in the form suggested by 
Burton, has proved inadequate to represent the solubility results, 
it has been found that the application of van Laar’s well-known 
equation for concentrated solutions in place of the dilute solution 
law gives much more satisfactory results. Assuming that this 
equation represents the conjugate osmotic pressures, we have 
P 2 = — RT log (1 — c x ) + ac-j 2 . Differentiating and substituting 
in the Berkeley-Burton equation, 

^i = c A /BT_ + 2 \ 

which, since c 2 = 1 — c v becomes 


dP 1 __ % % f RT 
dc 2 \1 c 2 


+ 2 a c 2 



an expression which on integration gives 


P1 — u 2l U l (— k)g 1 c 2 .4" °^2 2 )* 


(The integration constant is again zero.) 

This expression is not without interest, since it shows that if the 
ordinary osmotic pressure of a solution can be represented by van 
Laar’s expression, so also can the conjugate osmotic pressure, and 
with the same value for the constant a, which according to van Laar 
is connected with the mutual attraction of solvent and solute.* 


* Mr. D. L. Chapman has pointed out to us that the argument may be 
put more generally thus. If the product of the osmotic pressure of a solution 
and the specific volume of the solvent is a function f(c) of its concentration, 

then the equation of Berkeley and Burton may be written (1 — = 

c where c is written for c a and 1 — c for c r This is a differential 

equation which has many solutions, of which, however, the only simple ones 
are f(c) = k . log (1 — c) and f(c) = k'c*, k and k ' being constants. Putting 
&== — RT in the first solution, we have van Laar’s equation P = —ETlog(l—c), 
deduced thermodynamically; taking both solutions together and putting 
k f = a, we have van Laar’s second expression P = — RT log (1 — c) 4- 
in which the second term had a somewhat empirical basis. It is of some 
importance that this second term is now shown to be a solution of the, thermo¬ 
dynamic equation of Berkeley and Burton. We may note also that the 
dilute solution law P = RTc does not satisfy the requirements of this method 
of deduction, and this law accordingly has no validity except as an approxima¬ 
tion to the true law in conditions of extreme dilution. 
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The application of the new integration to the foregoing solubility 
results can only be performed in a somewhat approximate manner, 
since the evaluation of the constant a requires a systematic study 
of the osmotic pressures of aniline solutions. A preliminary value 
for a can, however, be obtained by assuming the correctness of the 
osmotic pressure of a saturated solution of water in aniline, which 
was calculated (from the lowering of the freezing point) by the 
usual formulae as 74 atmospheres. The value of B in the expression 
is not the usual value, since concentrations are expressed in grams 
per gram of solution, but may be obtained by assuming that a 
N /1000-solution has an osmotic pressure of 0*0224 atm. at 0°; for 
such a solution the a term is negligible. With the values thus 
obtained, viz., B = 4-76, and a = 4661, the values tabulated in 
the last column of the table were obtained. It will be seen that 
the agreement with the direct determinations of Berkeley and 
Hartley is fairly satisfactory up to a concentration of 420 g. per 
1000 g. of solution, but considerable divergence occurs at higher 
concentrations. Better agreement can be obtained by adjustment of 
the constants, but since in any case the osmotic pressure is given as 
the rather small difference of two large terms, such adjustments have 
no value except in providing what then becomes a purely empirical 
equation to express the results. 

For the practical determination of osmotic pressures in con¬ 
centrated solutions the solubility method is not yet capable of giving 
direct results accurately, though the van Laar integration is a step 
towards that end. On the other hand, comparative results may 
be obtained without undue experimental difficulty. By finding 
the percentage of water in the aniline phase in equilibrium with a 
solution of unknown osmotic pressure and reading off from our 
results the concentration of the sucrose solution which is in equili¬ 
brium with the same aniline solution we may at once equate the 
osmotic pressure of the unknown solution to that of the sucrose 
solution* The method is of course only applicable to solutions of 
substances the solubility of which in aniline is very slight. 

Inorganic Chemistry Laboratory, 

Oxford. [Received, April 17 ih, 1925.] 
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CCXLVI .—Studies on the Walden Inversion . Part IX . 
The Influence of the Solvent on the Sign of the 
Product in the Conversion of /3-Bro7no-/3-phenyl - 
propionic Acids into fi-Hydroxy-fi-phenylpropion- 
amides. 

By George Senter and Allan Miles Ward. 

In the reaction between concentrated aqueous ammonia and 
p-bromo-p-phenylpropionic acid, no p-amino-P-phenylpropionic acid 
is obtained, but the products consist of p-hydroxy-p-phenyl- 
propionamide, styrene, ammonium bromide, and ammonium 
carbonate (Posner, Ber ., 1905, 38, 2316). The yield of p-hydroxy- 
p-phenylpropionamide is, however, not good, but is the better the 
higher the concentration of ammonia employed. These results 
would lead to the view that this reaction proceeds via the corre¬ 
sponding lactone, thus : 

CHBrPh*CH^*C0 2 NH 4 ~ yH ^ r 

ffO CHPh:CH 2 + C0 2 

CHPh-CH 2 -CO 

1 -o- 1 * OH-CHPh-CH 2 -CO-NH 2 

(II) (TIL) 

In the present experiments the reaction of ammonia in ethyl 
alcohol, in acetonitrile, and also of liquid ammonia with r-p-bromo- 
p-phenylpropionic acid have been investigated, and in each case 
the hydroxyamide (III) was produced, together with styrene, but no 
P-amino-p-phenylpropionic acid was isolated. These reactions in 
non-aqueous solvents are in accordance with the mechanism given 
above. The reaction of p-bromo-p-phenylpropionic acid with 
ammonia in dry ethereal solution yields a precipitate of (I), and 
this appears to be the first salt of this acid to be isolated. It is 
very unstable, dissolving in water to a clear solution, shortly 
followed by a pronounced turbidity due to the production of styrene, 
and decomposing fairly rapidly in the dry state at room temperature, 
but the lactone (II) could not be isolated from the products of dry 
decomposition. The diethylammonium salt underwent simil ar 
decomposition, but with greater ease. 

In spite of the failure to isolate the lactone, the mechanism 
assuming its intermediate formation still seems probable from the 
reactions of p-bromo-P-phenylpropionic acid, and also from the 
behaviour of related substances. The view that p-phenyl-p- 
propionolactone has a transitory existence was first put forward by 
Erlenmeyer (J5er., 1880, 13, 305) to account for the observation of 
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Fittig (Annalen, 1879, 195, 131) that (3-bromo-(3~phenylpropionic 
acid reacting with aqueous sodium carbonate yields styrene almost 
quantitatively. The lactones of all three (3-bromo- [3-mononitro- 
phenylpropionic acids have been prepared as stable crystalline solids 
(Einhora, Ber., 1883, 16, 2208 *, Basler, ibid., p. 3001; Prausnitz, 
ibid., 1884,17,595). The products of decomposition of these lactones 
by heat, and also by reaction with ammonia, are of the same types 
as those obtained from (3-bromo- (3-phenylpropionic acid, the only 
differences being in the relative proportions of the products, 

Not only did liquid ammonia, ethyl-alcoholic ammonia, aceto¬ 
nitrile ammonia and aqueous ammonia solutions yield the hydroxy- 
amide in each case from the r-bromo-acid, but with an optically 
active bromo-acid as initial material, the hydroxyamide produced 
by reaction in the above solvents was opposite in sign to the bromo- 
acid used, as shown in the following table : 


Solvent, [a] of bromo-acid. a of amide, [a] of amide. 

Liquid ammonia . +74*6° —1*88° —27-5° 

Ethyl alcohol ... -75-1 4-1*35 + 24-3 

Acetonitrile .. +81*7 —1*93 —28*2 

Water..... -85*0 +1*68 +27*8 


^-P-Hydroxy-p-phenylpropionamide with [a] + 38*4° in ethyl- 
alcoholic solution has been prepared by McKenzie, Rule, and 
Martin (J., 1914, 405, 1588) by the esterification of d-[3-hydroxy- 
p-phenylpropionic acid, followed by reaction with ammonia; 
whilst the £-isomeride with [a] — 39*5° was similarly prepared by 
McKenzie and Smith (J., 1922, 121, 1359). p-Bromo-(3-phenyl¬ 
propionic acid has not been prepared in a state of optical purity. 
McKenzie and Humphries (J., 1910, 97, 121) obtained an acid 
with [a] D + 96*2° by recrystallisation of a bromo-acid with [a] D 
+ 32-2° from chloroform, whilst in the present experiments an acid 
with [a] 13 * + 110° for c = 1*079, l = 2, was obtained as a final crop 
by fractional precipitation of the bromo-acid from chloroform 
solution by means of ligroin (b. p. 40—60°). This acid being taken 
as optically pure, although possibly the activity of the pure acid is 
somewhat higher, the table shows that very little racemisation 
accompanies this displacement. Thus by the mode of preparation 
here adopted, and also in the experiments of McKenzie and his 
collaborators, the resultant hydroxyamide possesses the same 
sign as the initial hydroxy-acid, as indicated in the following 
scheme: 


d-CHBrBh*CH 2 *C0 2 H 
Z-0H*CHPh*CH 2 -C0 2 H ^-OH-CHP1 i-CH 2 -CO-NH 2 . 

V- OH-GHPli-CHaCOaEt ^ 
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A Walden inversion is not here detected by solvent variation, and 
the only examples yet obtained of either isomeride being produced 
in preponderating amount by solvent variation alone is in the single 
instance in which phenyl and carboxyl are both attached to the 
asymmetric carbon atom. 

Experimental. 

$-Brorno-$-phenylpropionic Acids .—The inactive acid was prepared 
as by Senter and Ward (J., 1924, 125, 2137), and the active bromo- 
acids by the conversion of d - and Z-(3-hydroxy- (3-phenylpropionic 
acids with hydrogen bromide in glacial acetic acid at 25°, followed 
by one recrystallisation of the product from chloroform. 

Ammonium fi-Eromo-fi-phenylpropionate. —To 25 c.c. of dry ether 
previously saturated with ammonia, 2 g. of finely powdered (3-bromo- 
p-phenylpropionic acid were added, and shaken for a few minutes. 
The solid was washed with dry ether and rapidly dried over con¬ 
centrated sulphuric acid. The bromine was estimated by heating 
a weighed sample with aqueous sodium carbonate until styrene 
was expelled, followed by precipitation as silver bromide (Found; 
Br, 32*i: C 9 H 12 0 2 NBr requires Br, 32-5%). This salt undergoes 
fairly rapid decomposition in the dry state at room temperature, and 
rapid decomposition without melting at 60°, the products being 
ammonium bromide, carbon dioxide, styrene, and a small amount 
of cinnamic acid. 

Diethylammonium [3 - bromo - p -phenylprop io note was prepared by 
adding diethylamine (1 mol.) to the bromo-acid (1 mol.) in ethereal 
solution (2—3%), when white, compact crystals soon commenced to 
separate. The salt was isolated after 15 minutes as in the case of 
the ammonium salt, and the bromine estimated in the same way 
(Found : Br, 26*6. C 13 H 2 o0 2 brBr requires Br, 26*5%). This salt 
closely resembles the ammonium salt in properties, but is even more 
unstable, the temperature of rapid decomposition in the dry state 
being 44 — 4 5°. 

Conversion of $-Brorno-fi-phenylpropionic Acids into $-Hydroxy- 
$-phenylpropionamides. —The reactions were first carried out with 
the r-bromo-acid, and as in each case p-hydroxy-P-phenylpropion- 
amide resulted (m. p. 121—122°), together with styrene and 
ammonium bromide as main products, these experiments are not 
described. The method of experiment with the active acids was 
as follows : The solvent was added to the bromo-acid (5 g.), and 
after a definite period the solvent was evaporated on the water-bath 
(except in 1). The residual solid was extracted with dry ether in 
a Soxhlet apparatus for 10 hours, and the ether evaporated; the 
product consisted of crude p-hydroxy-p-phenylpropionamide. The 
vol. cxxvn. 3 , 
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insoluble residue in the extractor was analysed for bromine in each 
case; the results are shown under (a), the theoretical value for 
ammonium bromide being Br, 81-6%. Under (6) are given the 
yield of crude hydroxy amide, the observed rotation, the specific 
rotation, and the percentage of nitrogen (determined by direct 
distillation into standard acid of the ammonia evolved on decom¬ 
position of the amide by heating with excess of aqueous caustic soda). 
In each case the percentage of nitrogen was appreciably lower than 
the theoretical (8*5), and the hydroxyamide was markedly acid in 
reaction. This acidity was removed by shaking a solution of the 
crude amide in some 125 c.c. of ether with dilute aqueous caustic 
soda until the aqueous layer was alkaline. The ethereal layer was 
separated, the alkaline aqueous solution extracted four times with 
ether, the ethereal solutions were combined, and the solvent was 
evaporated, when the purified amide remained. Its rotation and 
analysis are given under (c). The remaining aqueous solution in all 
cases yielded on acidification a small precipitate of cinnamic acid. 
All measurements of rotation were made in ethyl-alcoholic solution 
in a 2-dcm. tube with the yellow mercury line. 

(1) Liquid ammonia . Liquid ammonia (50 c.c.) was added to the 
d-bromo-acid with [a] 18 ’ + 74*6°, when a clear solution quickly 
resulted. This was left in the solid carbon dioxide-ether freezing 
mixture for 4 hour, when considerable solid had separated. The 
solvent was then allowed to evaporate. 

'■(a) Br, 81*4%. 

(b) 0*8 g.; _ 1.69°, c = 3*528; JaF - 24*0°; 1ST, 8*1%. 

» a 22 ** - 1-88°, c = 3*422; [a] 22 ’ 5 * - 27*5°; 1ST, 8*3%. 

(2) Ethyl alcohol. Ethyl alcohol (75 c.c.) at — 15°, dried by 
distillation over lime and saturated with ammonia at — 14°, was 
added to the Z-bromo-acid with [a] 15 ” — 75*1°. The acid rapidly 
dissolved to a clear solution, and the temperature was allowed to 
rise slowly. At the end of an hour a considerable precipitate of 
ammonium carbamate had separated. The solvent was evaporated 
alter 3 hours* 

(a) Br, 77*5%. 

(b) 1*6 g.; a 15 * + 1*60°, c = 3*644; [ a p°+22*0°; N, 7*3%. 

(c) a 20 * + 1*35°, c » 2*776; [af + 24*3°; N, 8*2%. 

(3) Acetonitrile. Acetonitrile (75 c.c.) at — 18°, saturated with 
ammonia at — 13°, was added to the d-bromo-acid with [a] 17 * 
+ 81*7°. The acid dissolved to a clear solution, from which a heavy 
precipitate of ammonium bromide rapidly separated. The tem¬ 
perature was allowed to rise slowly, and the solvent was evaporated 
after 3 hours. 
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(a) Br, 71-1%. 

(b) 1-4 g.; a 16 ° - 2*07°, c = 3-868; [*F° - 26-8°; N, 7-8%. 

(c) a 24 * — 1-93°, c = 3-422; [af - 28-2°; N, 8-6%. 

(4) Wafer. Aqueous am m onia (35 c.c.) saturated at — 10° was 
added to the Z-bromo-acid with [a] 12 ° — 85*0°, and kept at — 10° 
for | hour. The acid dissolved to a turbid solution and a con¬ 
siderable layer of styrene separated. The solvent was evaporated 
alter 3 horns. 

(a) Br, 75*9%. 

(i b) 1-3 g.; a 15 “ + 1*55°, c = 3-322; [oc] 1 ^ + 23-3°; N, 7*4%. 

(c) a 24 * + 1-68°, c = 3*028; [a] 24 * + 27-8°; N, 8*3%. 

One of us (A. M. W.) desires to express his indebtedness to the 
Department of Scientific and Industrial Research for a maintenance 
grant during the course of this investigation. 

Birkbeck College, 

University of London, E.C. 4. [ Received , June 5th , 1925.] 


CCXLVII .—The Colours Produced by the Action of 
Sulphuric Acid upon Some Hydrazones. 


By Frederick Daniel Chattaway, Stanley John Ireland, 
and Arthur John Walker. 


Most hydrazones when dissolved in strong sulphuric acid give 
coloured solutions (Bulow* Annalen, 1886, 236, 194; Pechmann, 
Ber., 1893, 26, 1045; Troeger and Puttkammer, J.pr. Chem., 1908, 
78, 450). These colours are not as a rule very characteristic, or 
conspicuous, but those given by many of the hydrazones of di- 
phenylene-4:4'-dihydrazine, of jp-iodophenylhydrazine, and of 
4-iodo-2-methylphenylhydrazine are of a peculiarly intense shade 
of cobalt-blue. 

These colours are probably due to the formation of salts of a 
quinonoid structure similar to that suggested by Wieland {Ber., 1907, 
40, 4260) to account for the brilliant blue colour produced when 
tetra -p -tolylhydrazine is dissolved in sulphuric acid (Chattaway and 
Ingle, J., 1895, 67, 1090). For example, in the case of benzalde- 
hydediphenylene-4: > £-dihydrazone, this salt formation may be repre¬ 
sented : 



Pale yellow. 


HSO, _ H /=\HS0 4 

/=4fH 

N.'CHPh 2 CHPKN 

Intense cobalt-blue. 

: , 3b2 ■. 
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The hydrazones which with o, m, and p-nitrobenzaldehyde form 
these hydrazines are of special interest, for not only do they 
yield deep bine solutions with strong sulphuric acid, but also in 
the case of the o- and ^-derivatives give equally characteristic and 
intense colours with alcoholic potash. These colours also are 
probably due to the production of salts of a quinonoid structure 
from the aci ~form of the nitro-hydrazone. For example, the 
salts yielded by ip-nitrobenzaldehydediphenylene-k : 4/-dihydrazone 
may be formulated thus : 


^0 2 /~NcHIN-NH-CgHj—C 6 H 4 -NH-N:CH/~^)N0 2 


Beep red. 


H 


HSO d 

i 


_ hso 4 _ ^ 

~ H 


Intense cobalt-blue. 

ko-on^^\-ch-n:n/^-/~^>n:n-ch^^\=no-ok 

Intense cobalt-blue. 

The nitrb-group not being concerned in the production of the 
salt by sulphuric acid, its position scarcely affects the intensity or 
the character of the colour, all the three isomeric nitrobenzaldehyde- 
hydrazones of diphenylene-4:4 7 -dihydrazine, of p-iodophenyl- 
hydrazine, and of 4-iodo-2-methylphenylhydrazine giving the same 
intense cobalt-blue. 

In the production of colour by alcoholic potash, however, the 
nitre-group is involved, and, as with other nxtrobenzaldehyde- 
hydrazones, its character depends on the position occupied by this 
group. Intense colour is produced only by the o- and p-isoinerides, 
these alone yielding salts of the necessary quinonoid configuration, 
lie colour produced follows the rule established for o-, m- y and 
p-nitrobenzaldehydehydrazones in general (Chattaway and Clemo, 
J., 1923, 123, 3041), that is, the o-nitro-hydrazone gives a bright 
green, the meia- a brown, and the para- an intense blue colour. 

It is worth noting that the colours produced by the $>-nitro- 
beamldehydehydrazones of these hydrazines with sulphuric acid 
are practically indistinguishable from the intent blue colours which 
they yield with alcoholic potash. 

Experimental. 

diphenylene-4:4'-d£hydrazones (formulae as I) were prepared 
by adding a hot acetic acid solution of the appropriate aldehyde 
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or ketone (2 mols.) to a hot acetic acid solution of diphenylene- 
4 :4'-dihydrazine (1 mol.). On cooling, the hydrazone separated 
as a rule as a microcrystalline powder. Nearly all are so 
sparingly soluble in ordinary organic solvents that they cannot 
be recrystallised from them. In boiling nitrobenzene, however, 
they are moderately easily soluble, and separate on cooling in well- 
developed crystals. 

When these hydrazones are added to a large excess of strong 
sulphuric acid, intensely coloured solutions are produced. In 
some cases the salts to which the colour is due are comparatively 
stable and the colours persist at the ordinary temperature for 
hours or even days with but little change; in others, however, 
decomposition soon occurs and the colour alters in character or 
disappears. 

After a description of the crystals, the melting point, and the 
analytical data of the individual hydrazone, the colour produced, 
with strong sulphuric acid is given and then the colour produced by 
strong alcoholic potash. 

Benzaldehydediphenylene - 4:4'- dihydrazone (I). — Pale yellow 
needles, m. p. 283° (decomp.) (Found : N, 14*6. C 26 H 22 N 4 requires 
N, 14-4%). Brilliant cobalt-blue, which slowly fades, leaving after 
some hours only a yellowish-brown liquid. It gives no colour with 
alcoholic potash. 

SalicylaldehydediphenyleneA : 4' -dihydrazone. —Pale yellow plates, 
m. p. 264° (decomp.). Indigo blue, which on warming, or on long 
standing becomes green and finally yellow. With alcoholic potash 
it gives a brownish-yellow solution. 

AnisaldehydediphenyleneA : 4' -dihydrazone, —Pale yellow needles, 
m. p. 248° (decomp.) (Found: N, 12*4. C^gH^O^ requires 
N, 12-4%). Bright green. With alcoholic potash it gives no 
colour. 

Ginnamaldehydediphenylem -4:4'- dihydrazone . — Long, yellow 
needles, m. p. 253° (decomp.) (Found : N, 12*6. requires 

N, 12*7%). Deep sap-green. With alcoholic potash it yields no 
colour. 

AcetophenonediphenyleneA: -dihydrazone. —Pale yellow, irregular 
plates, m. p, 250° (decomp.). Heliotrope. 

BenzophenonediphenyleneA : ^-dihydrazone. —Yellow plates, m: p. 
145° (decomp.). Brilliant violet, which soon changes on standing 
to a dirty, blackish tint. 

Pyruvic Acid DiphenyleneA : 4?-dihydrazone. —Yellow, micro¬ 
crystalline powder, m. p. 225° (decomp.). Dark orange-red, which 
in a few seconds changes to an intense magenta colour, which 
darkens on standing. Pale yellow solution in alcoholic 
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o - Nitrobenzaldehydediphenylene -4:4'- dihydrazone. — Dark red 
needles, appearing almost black by reflected light, m. p. 247° 
(decomp.) (Found: N, 17*6. C 26 H 20 O 4 Ng requires 1ST, 17*5%). 
Intense brilliant cobalt-blue indistinguishable in shade from that 
given by the benzaldehydediphenylenedihydrazone. This colour 
changes more rapidly than those given by the m- and p-isomerides, 
and after 15-20 minutes becomes of a greenish or peacock-blue 
shade, the green shade becoming more marked as time passes, 
until after 1-2 hours the liquid is olive-green, which finally becomes 
yellowish-brown. Deep green solution in warm strong alcoholic 
potash. 

m - N itrobenzaldehydediphenyhne -4:4'- dihydrazone . — Compact, 
dark red, octahedral crystals, m. p. 257° (decomp.) (Found: N, 
17-4%). Intense brilliant cobalt-blue solution indistinguishable 
from that given by its isomerides. The colour changes less readily 
that than given by its o-isomeride, the peacock-blue shade being 
developed after about 30 minutes, and changing very little for 
several hours. Brown solution in alcoholic potash. 

p - Nitrobenzaldehydediphenylene -4:4'- dihydrazone . -— Deep red, 
slender plates, m. p. 275° (decomp.) (Found : N, 17*65%). Intense 
blue solution, indistinguishable in shade from that given by its o- 
and m-isomerides, and by benzaldehydediphenylene-4: 4'-di- 
hydrazone. It dissolves in alcoholic potash giving a brilliant 
cobalt-blue solution, practically indistinguishable from that given 
by it and its isomerides with strong sulphuric acid. 

Behaviour of the p~Iodophenylhydrazones with Sulphuric Acid .—- 
Benzaldehyde-p-iodophenylhydrazone dissolves in strong sulphuric 
acid, giving a deep peacock-blue solution, o-, m- 5 and p-Nitro- 
benzaldehyde-p-iodophenylhydrazones when added to strong 
sulphuric acid give at the moment of contact a yellow or orange 
colour, which very quickly changes to green, and then again rapidly 
to an intense cobalt-blue, indistinguishable from the colour given 
by the corresponding diphenylenedihydrazones. 

With strong alcoholic potash the benzaldehydehydrazone gives 
a yellow solution, the o-nitrobenzaldehydehydrazone a deep 
brilliant green, the m-nitrobenzaldehydehydrazone a deep clear 
brown, and the p-mtrobenzaldehydehydrazone a brilliant cobalt- 
blue, indistinguishable from that given with sulphuric acid. 

. The o-, m-, and p-nitrobenzaMehydeA-iodo-2-'methylphenyl’ 

hydmzones behave similarly with strong sulphuric acid. A yellow 
colour momentarily develops, which quickly changes to an intense 
cobalt-blue. The blue colours are indistinguishable from one 
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With strong alcoholic potash similarly the o-nitrobenzaldehyde- 
hydrazone gives a brilliant green colour, the meta- a clear brown, 
and the para- a brilliant cobalt-blue, indistinguishable from that 
given with sulphuric acid. 

It is worthy of note that the corresponding hydrazones derived 
from o- and m-iodophenylhydrazines give no intense colours with 
strong sulphuric acid, only yellow or orange-coloured solutions being 
obtained. With alcoholic potash, the o-nitrobenzaldehydehydr- 
azone gives a deep green, and the ^-mtrobenzaldehydehydrazone a 
br illia nt cobalt-blue solution. 

The Qtjeen’s College, Oxford. [Received, July 9th, 1924.] 


CCXLVIII. —Studies in the Camphane Series . Part XL. 
Constitution of Manasse's Hydroxy camphor. 

By Martin Onslow Forster and Prajaram Prabhashanker 

Shtjkla. 

Following his initial description of hydroxycamphor (Ber., 1897, 
30, 659), Manasse further characterised the material formed on 
reducing camphorquinone (Ber., 1902, 35, 3811) and claimed to 
recognise two isomeric substances, indistinguishable in appearance 
and optical activity; the “ a ’’-modification melted at 203—205° 
with [a] 0 12*8°, whilst the “ £ ’’-modification, produced by hydrolys¬ 
ing the solid methyl ether, melted at 212—213° with [a] B 12*3°, 

It is unfortunate that Manasse denominated his materials in this 
perplexing manner, because it was already known that replacement 
of hydrogen in the camphor molecule might occur elsewhere than at 
the a-position; ap-dibromocamphor, originally called p-dibromo- 
camphor, was first prepared in 1866 by Swarts and reinvestigated 
many times after 1881, whilst p-bromocamphor was isolated in 1901. 
Hence, at the time of publishing his experiments, Manasse might 
well have been aware that a substance called p-hydroxycamphor 
should correspond in orientation with p-bromocamphor; confusion 
with the true p-hydroxycamphor subsequently described (Forster 
and Howard, J., 1913, 103,, 63) might thus have been avoided. 

Manasse supported his belief in the existence of two distinct 
modifications by the production of two oximes, m. p. 86—87° (a) 
and 83—84° (p), two phenylhydrazones, m. p. 137*5° (a) and 111— 
113° (P), two semiearbazones, m. p. 182—183° (a) and 202—204° (p) 
and two benzenesulphonyl derivatives, m. p. 95—96° (a) and 111— 
113° (p). Excepting the last-named, however, these pairs might 
have arisen from a single hydroxycamphor, and in vie^ of the 
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slender distinction between the two parents, one of us (M. 0. F.) with 
Dr. A. Zimmerli began in 1911 an inquiry which was interrupted and 
could not be resumed until eighteen months ago. 

Simultaneous light and shadow have now been cast on the subject 
by Karrer and Takashima (Helv. CMm . Acta , 1925, 8, 242), who 
suggest that the solid methyl ether is the cycibacetal (I) and not the 
true a-methoxycamphor formulated by Manasse (II): 


-CH 

ix X) 


CH 2 —CH- 
| CMe 2 ^ - 
CB^—CMe—C*OMe 
(I.) 


CH 2 —CH- 

I v Me 2 ! 

CH—CMe—CO 

(II.) 


-CH-OMe CH, 


CH—CH 

I ? Me * J)° 

CH—CMe—C-OH 
(in.} * 


Thereupon they propose for Manasse’s a-and (3-hydroxycamphors 
the representation (III), ascribing to configuration-change in one of 
the asterisked carbon atoms the respective divergence in properties. 

Our experiments amply confirm the above suggestion that the 
solid methyl ether is a q/cZoacetal, but we cannot support the com¬ 
plete constitutional formula given by Karrer and Takashima. We 
prefer the alternative representation (IV) with the consequence that 
Manasse’s “ (3 5 5 -hydroxycarnphor is the individual (V), whilst his 
“ a 5 ’-hydroxycamphor is probably that substance associated with a 
variable amount of the stereoisomeride in which the hydroxyl group 
and hydrogen atom both occupy the alternate plane. 

CH 2 —CH—-OOMe CH 2 —CH—C-OH 

(iv.) | j)0 [ OMe 2 |)0 ( v -> 

CH 2 —CMe—CH CH a —CMe—CH 

With Karrer and Takashima, we agree that the solid methyl ether 
does not reveal a carbonyl group; we failed to produce an oxime 
and recovered the substance unchanged by treatment with magnes¬ 
ium methyl iodide. Moreover, on treating separately (1) the crude 
product of reducing camphorquinone, (2) c< a "-hydroxycamphor, 
tod (3) “ p "-hydroxycamphor with excess of the Grignard agent, 
the quantitative amount of methane required by one hydroxyl 
group was liberated in each ease, and the original product was 
recovered unchanged. If Manasse’s hydroxycamphor had the 
conventional constitution (VI), it could scarcely escape at least 
partial conversion into the secondary-tertiary diol (VIE), in view 

CHg—CH—-CH*OH CH 2 —CH—CH-OH 

(VI*) j CMe, { | OMe 2 | (VII.) 

CH,—CMe—CO CH 2 —CMe—CMe-OH 

of Hie readiness with which camphorquinone is transformed into 
fee dimethyldioi by magnesium methyl iodide (Forster, J., 1905, 
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Our reason for questioning the transference of the hydroxyl group 
from the true a-position (in V) to the adjacent carbon atom (in III), 
as represented by Karrer and Takashima, is the one familiar to all 
chemists who have closely studied the members of this family, 
namely, the greatly superior activity of the a-carbon atom to that of 
its ketonie neighbour. The comparative behaviour of camphor and 
of eamphorquinone towards aniline, phenylhydrazine, hydroxyl- 
amine, semiearbazide, nitromethane, ethyl cyanoaeetate, and phenyl- 
acetonitrile may be recalled in this connexion: and finding that 
Manasse’s hydroxycamphor is readily formed by reducing a cold 
ethereal solution of eamphorquinone with al umini um amalgam, we 
cannot believe that in this reaction alone the diketone has belied 
itself. 

Aside from the question of orientation, however, the above 
diagnosis by Karrer and Takashima has, in our judgment, clarified 
a situation which has been hitherto most obscure, and harmonises 
with the occurrence of Manasse’s oximes, phenylhydrazones and 
semicarbazones, these doubtless arising from cleavage of the ethylene 
oxide-ring. The two benzenesulphonyl derivatives, to which we 
have added two hydrogen phthalie esters, are reasonably attributable 
to the stereoisomeric forms represented by formula V, because, 
although tertiary alcohols do not generally incur the formation of 
hydrogen phthalie esters, even limited occurrence of the equilibrium, 

X>OH /CH-OH 

C s H„<^>0 = , 

would account for the result observed. Moreover, the irregular 
course of ester-hydrolysis revealed by the polarimeter indicates the 
operation of concurrent mutarotation in the hydroxycamphor 
regenerated. * 

Experimental. 

Reduction of Gampborquirume. — (a) Zinc and acetic acid. Oam- 
phorquinone (40 g.) dissolved in hot glacial acetic acid (70 c.c.) 
was precipitated by hot water (500 c.c.), and zinc dust (40 g.) added 
in small quantities to the continuously shaken suspension. The 
clear, pale green liquid was heated to coagulate undissolved zinc, 
the filtrate from which was saturated with salt and allowed to cool. 
Hydroxycamphor was removed by filtration," after treating the 
filtrate with just sufficient sodium hydroxide (20%) to redissolve 
the zinc hydroxide, more was extracted by ether (three times), in 
which the separated portion was then dissolved. Dried with 
calcium chloride, the ether was distilled and left a. very pale 
yellow, camphoraceous residue (32*5 g.; yield 80%). \ 

3 b* 
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(6) Aluminium amalgam . Camphorquinone dissolved in undried 
ether was left in contact with freshly amalgamated aluminium during 
12 hours. The colour faded to very pale green, and the decanted 
liquid with ether-washings having been dried and distilled deposited 
a colourless residue {yield 85%). 

After crystallisation from petroleum the material prepared by each 
of the above methods melts at 203—205°; the less readily fusible 
product described by Manasse has been obtained only by hydrolysing 
the solid methyl ether. This compound crystallises in colourless 
plates from a solution of the initial product in methyl alcohol 
containing hydrogen chloride (6%); it melts at 149—150° (Found : 
MeO,T5*9. Calc., MeO, 17*0% ) and has [a] D 182-8° (1% in chloro¬ 
form). The methyl ether is not affected by boiling alcoholic 
potassium hydroxide (10%), but is rapidly hydrolysed by cold 
hydrochloric acid, from which sodium carbonate precipitates the 
less readily fusible form of hydroxycamphor; this melts at 215°, 
and in all other respects is indistinguishable from the material 
arising directly on reduction of camphorquinone. 

The Hydroxyl Value of Hydroxycamphor. —At one time it seemed 
possible that the peculiar behaviour of hydroxycamphor might be 
due to its representing the equilibrium mix ture, 


CH-OH 


CM-/ 


.C-OH 

0sH <U : 


but this is now precluded by several indications. In the first place, 
hydroxycamphor in chloroform does not decolorise bromine, and in 
ether does not develop a coloration with ferric chloride; moreover, 
the aqueous solution does not give a precipitate with copper acetate, 
and the methyl ether is equally indifferent to all these agents. 
When the action of bromine is pressed by heating hydroxycamphor 
with the halogen in acetic acid which has dissolved sodium acetate, 
a very slow action occurs; but this leads to camphoric anhy dride 
without any indication of addition or substitution. The same 
treatment converts the solid methyl ether also into camphoric 
anhydride, and in both cases a considerable proportion of unchanged 
hydroxycamphor is recovered, having survived this attack during 
several hours* 

Conclusive evidence against the above possibility, however, was 
given by the behaviour of hydroxycamphor towards magnesium 
methyl iodide, from which the quantitative amount of methane for 
one hydroxylgroup was liberated equally by the crude product of 
reducing camphorquinone and by specimens of hydroxycamphor 
melting at 203—205° and at 215°, whilst the methyl ether also 
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remains unaltered by the Grignard agent without liberating methane. 
These experiments were conducted in phenetole, and appeared 
remarkable in view of the observations by Bredt-Savelsberg and 
others (J. pr. Chem., 1924,107, 65) relating to enolisation of camphor 
by the Grignard agent, which may exceed 40%; but they now 
receive their explanation in the cycio&cetal representation of Karrer 
and Takashima. 

The Gamphoryl Hydrogen Phthalaies. —A mixture of phthalie 
anhydride and hydroxycamphor (m. p. 215°) in equal weights, and 
therefore containing a slight molar excess of the anhydride, was 
heated at 110—120° during 8 hours and kneaded in a solution of 
sodium carbonate. On extracting the filtered liquid with ether, 
about 15% of the hydroxycamphor was recovered unchanged, 
whilst the hydrogen phthalate was precipitated along with phthalie 
acid by neutralising the solution of sodium salts; it was separated 
by dissolution in chloroform, which deposited crystals on evapora¬ 
tion. Recrystallisation from benzene-petroleum gave camphoryl 
hydrogen phthalate in rectangular plates, m. p. 164—165° (Found: 
C, 68*2; H, 6*6. C ls EL^O b requires C, 68*3; H, 6*3%). The [«J> 
in aqueous alcohol (1 : 1) was 53*7°. 

On repeating this operation with hydroxycamphor melting at 
203—205°, or with a specimen recovered unchanged by the methyl- 
ation process, the proportion of unconverted hydroxycamphor was 
about the same, and the first crop of crystals melted at 152—156°; 
this was ultimately resolved into a mixture of the foregoing sub¬ 
stance with an isomeric camphoryl hydrogen phthalate crystallising in 
slender needles, m. p. 147° (Found : C, 68*1; H, 6*4%). The 
[a] D in aqueous alcohol (1; 1) was 42*2°. 

Thus there appear to be two definite hydrogen phthalates, but it 
has not been possible to decide whether hydrolysis leads to the 
respective parents. In fact, on following the hydrolysis polari- 
metrically, there is an indication of the result being an equilibrium 
system. 

A clear solution prepared by mixing equal volumes of alcohol 
(97*5%) and aqueous potassium hydroxide (20%) was used. When 
dissolved in this, the higher-melting hydrogen phthalate passed from 
the initial 102*7° to 61*6° during 200 hours, whilst the isomeride 
changed from [$f] D 55*0° to 64*4°. Intermediate stages were various, 
however, the higher-melting form having sunk to [Jf]j> 60*3° when 
the isomeride was at 98*6° (after 50 hours), and rising again to 
[ATj 0 73*0° when the isomeride had fallen to 78*3° (after 145 hours). 
These changes are probably due to varying rates of hydrolysis over¬ 
lapping unequal mutarotation of the resulting hydroxycamphor! 
because, in the same alcoholic alkali, higher-melting hydroxycamjWE? 

3b* 2 
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with, initial [1/] D 34*2° reaches a maximum of 82-6° in 26 hours and 
begins to fall after 48 hours, whilst the lower-melting form has 
initial [M] D 50*9°, reaches its maximum of 69*0° at about the same 
time as the other, and then remains constant. The later observa¬ 
tions are only approximate because the liquids, although initially 
colourless, develop a brown tint which increases in depth with 
passage of time: moreover, the hydroxycamphor recovered from 
such solutions melts lower and more indefinitely than the original 
materials. 

Indian Institute of Science, 

Bangalobe, S. India. [ Received , June S&th, 1925.] 


CCXLIX .—A New Synthesis of Arylazoaldoximes . 

By Thomas Kennedy Walker. 

The interaction of aryldiazonium salts and maionic acid does not 
always produce formazyl compounds; thus Busch and Wolbring 
(J. 'pr. chem 1905, 71,366) obtained phenylhydrazones of glyoxylic 
acid from certain ortho-substituted diazonium salts and o-chloro- 
benzeneazoformaldoxime from diazotised o-chloroaniline, and the 
present author found (J., 1923, 123, 2775) that the interaction of 
diazotised p-mtroamline and allylmalonie acid produced a mixture 
of a formazyl derivative with an acidic substance the instability of 
which precluded its examination. As it seemed probable that this 
anomalous behaviour might be due to the presence of adventitious 
nitrous acid, a study was made of the simultaneous action of an 
aryldiazonium salt and nitrous acid on monoalkylated maionic 
acids. This resulted in a new synthesis of arylazoalkylformald- 
oximes, e#., bemeneaz^erizylformaldoxime and bmzenmzoaUyl - 
formcddoxime. The course of the reaction is probably as follows, 

CHRtaDgHJg + N 2 Ph*OH CO J-ORIN-NHPh +hno, 

0H‘N:cR-]srajph + co 2 + HgO, 

since an almost quantitative yield of benzeneazobenzylformald- 
oxime was obtained by the action of nitrous acid on the phenyl- 
hydrazone of pheaylpyruvic acid, whereas no condensation occurred 
when diazobenzene was brought into contact with its oxime. 

Experimental. 

Benzeneazoben^ —(a) To a diazo-solution (aniline 

&86 g*, glam^ acetic acid 6 g., concentrated hydrochloric acid 
$e.e«: sodium nitrite 1*38 g., ice-water 35 c.c.) were added benzyl- 
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znalonic acid (3*8 g. dissolved in a little ice-water), crystalline sodium 
acetate (10*8 g.), and, 5 minutes later (this condition is essential for 
successful preparation), a cooled 2% aqueous solution of nitrous 
acid (1-5 mols.) The mixture was filtered and kept cold for 30 
hours, during which carbon dioxide was evolved. A solution of the 
bulky, spongy, yellow product in dilute aqueous caustic potash was 
filtered from a small quantity of benzylformazyl. The oxime , preci¬ 
pitated by 5% acetic acid, was crystallised from 80% acetic acid (in 
small, deep yellow needles) and then from benzene (in paler, silky 
needles) by the addition of light petroleum; m. p. 144° (yield, nearly 
quantitative) (Found: C, 70*0; H, 5*4; N, 17*8. C 14 H 13 ON 3 
requires C, 70*3; H, 5*43; 1ST, 17*56%). It is easily soluble in ether, 
alcohol, chloroform, or ethyl acetate. When boiled with moderately 
dilute hydrochloric acid, it yields phenylaeetaldehyde (which is 
partly oxidised to the acid), hydroxylamine, and benzenediazonium 
chloride which, as it is formed, is converted into phenol. 

(b) A solution of ethyl benzylacetoacetate (14*6 g.) in alcohol (120 
c.c.) was mixed at —5° with a solution of diazotised aniline (1 mol.) 
and the requisite quantity of sodium acetate. The product, which 
separated as a pale red, viscous oil in quantitative yield after 16 
hours, was hydrolysed by warming with 10% aqueous alcoholic 
caustic potash (3 mols.) for 30 minutes and the solution diluted, 
filtered, and acidified; the phenylpyruvic acid phenylhydrazone, 
which separated as an oil and solidified, melting at 161° after 
recrystallisation (Wislieenus, Ber., 1887,20, 592). A solution of the 
hydrazone in alcohol and 80% acetic acid (equal vols.) was filtered 
at room temperature and treated with finely-powdered sodium nitrite 
(3 mols. in one lot); evolution of carbon dioxide occurred. After 30 
minutes, when the addition of water to a sample ceased to precipitate 
any of the original acid, the solution was gradually diluted with 
cold water. The oxime, which separated in yellow needles (yield 
quantitative) was recrystallised from benzene-light petroleum; it 
melted at 144°, alone or mixed with the oxime obtained by method 
(a) (Found : C, 69*9; H, 5 6%). 

The phenylcarbamate, obtained quantitatively in slender, glistening, 
orange-red prisms by keeping a mixture of the oxime (3 g.) and 
phenylcarbimide (1*5 g.) in dry ether (40 c.c.) at 0° for 3 horns, 
crystallised from acetone in large, scarlet prisms, m. p. 154° 
(Found : IT, 15*8. requires N, 15*6%). The 

derivative, prepared from benzoyl chloride (1 mol.) and the potass¬ 
ium salt of the oxime (1 mol.) in ethereal solution, crystallised 
from acetone in large, elongated, ruby prisms, m. p. 1 41- - 4 45 0 
(frothing). . ■ 

^T<iuemazoaU^fom^ solution of ^toluenediazKmiuin 



1862 WALKER : A NEW SYNTHESIS OF ARYLAZOALDOXEVIES. 

sulphate (6 g.) in a little ice-water was treated with crystalline sodium 
acetate (10 g.), followed by a chilled aqueous solution containing 
allylmalonic acid (4*24 g.) and sodium acetate (7*2 g.). The sub¬ 
sequent addition of nitrous acid and the other operations were 
carried out as described above under (a). The product crystallised 
from warm benzene in slender, yellow needles, m. p. 93° (shrinking 
at 90°), and also crystallised well from light petroleum or aqueous 
alcohol, but not from other solvents. Yield, 25% (Found: C, 
65*0; H, 6*5; N, 20*9. C 13 H 13 ON 3 requires C, 65*0; H, 6*4; 
N, 20*7%). 

Attempts to prepare benzeneazopropaldoxime from ethylmalonic 
acid by this method resulted only in the production of resinous, 
uncrystallisable material. 

p-Tolueneazobenzylformaldoxime from Phenylpyruvic Acid p- 
Tolylhydrazone.—Ethyl phenylpyruvate p-tolylhydrazone, obtained in 
nearly quantitative yield from ethyl benzylaeetoaeetate and p- 
toluidine by the method used in preparing the corresponding 
phenylhydrazone, crystallises in glistening, orange prisms, m. p. 72° 
(Found: N, 9*5. CjgH^OgiS^ requires N, 9*46%). It is fairly 
soluble in cold alcohol, more soluble in cold acetone, and very 
soluble in hot benzene. On hydrolysis, phenylpyruvic acid p- 
tolylhydrazone was obtained, which crystallises from alcohol in 
slender, yellow, felted needles and from acetone in slender prisms, 
m. p. 158° (frothing). (Found : C, 71*4; H, 6*1. C 16 H 16 0 2 N 2 
requires C, 71*5; H, 6*0%). 

A solution of this acid (10 g.) in 50 c.c. of 80% acetic acid and 150 
c.c. of alcohol was treated with powdered sodium nitrite (3 mols.) and 
kept for 30 minutes, after which the product was isolated as described 
above under (6). Successive recrystallisations from benzene and 
from acetone-light petroleum gave the pure oxime, m. p. 144° 
(slight decomp,). Yield, over 80% (Found: G, 70*0; H, 6-1. 
0 15 Hi 5 0!f s requires C, 70-1; H, 5*9%). 

When light petroleum is added to a dilute solution of this oxime 
in acetone and the liquid allowed to evaporate slowly, the 
substance separates in transparent, orange-red crystals. Through 
the kindness of Sir Henry Miers, F.R.S., it has been possible to 
obtain measurements of these crystals, and the author takes this 
opportunity of thanking Mr. G. Greenwood, M.Se., who kindly 
undertook the crystallographic examination. His report is as 
fellows— 

Crystal symmetry : Monoclinic holohedral. 

Axial constants ; a : b : c = 1*352 :1: 1*216; p = 83° 17'* 

Farms developed and Habit.— The crystals are usually elongated in 
direction of the b axis and form prisms often 15 mm. long by 
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about 1*5 r mm. thick (see Fig.). The forms present are {100}, 
{101}, {101}, and {110}. 
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Crystallographic angles . 


Angle. 
(100):(101) 

No. of 
measure¬ 
ments. 

11 

44° 

Limits. 
9' —44° 

30' 

Mean 

obs. 

44° 20' 

Mean 

calc. 

(100):(110) 

13 

53° 

9' —53° 

42' 

53° 19' 

— ■ 

(110):(101) 

10 

67° 

55'—68° 

34' 

68° 18' 

— 

(100) : (101) 

17 

51° 

43'—52° 

5' 

51° 50' 

51° 46' 

(110) : (101) 

9 

64° 

30'—65° 

V 

64° 49' 
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The phenylcarbamaie, obtained quantitatively by keeping a 
mixture of the oxime and phenylcarbimide (equal mols.) in much 
dry ether for 2 hours, is difficultly soluble in the usual organic media, 
but crystallises from much hot acetone in slender, vivid orange- 
red prisms, m. p. 152—153° (decomp.) (Found : N, 15T. C 22 H 20 O 2 ]Sf 4 
requires N, 15-0%). 

Benzeneazobenzaldoxime from Phenylglyoxylic Acid Phenylhydr- 
azone .—Ethyl phenylglyoxalate phenylhydrazone was prepared by 
the general method described above and hydrolysed. The acid, 
m. p. 163°, obtained could not be converted into the oxime so 
smoothly as in the other two cases. It proved necessary to keep the 
mixture cold, avoid excess of sodium nitrite, and work up the product 
immediately Yield, about 25%. 

This work arose out of a previous investigation undertaken at the 
suggestion of Prof. A. Lapworth, F.R.S., LL.D., to whom the author 
has pleasure in acknowledging his indebtedness. The author’s 
thanks are also due to the Department of Scientific and Industrial 
Research for a grant in aid of the work. 

The Uiuversity, Manchester. [, Received , October 18 th 9 1924.] 


COL.—Angles of Contact and Polarity of Solid Surfaces * 

By NTeid K. Adam and Gilbert Jessop. 

Ip Dupr6’s equation ^ 

W = Ygy Tjx — T gL . . . *•. , ■. 

which relates the free surface energies (surface tensions} 
interfaces of three phases S, Y, L, with the work, W 9 : S|§ 
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mg S from L across the surface of separation, is combined with 
the equation of equilibrium of a liquid, L, resting on a solid surface, 
S, at an angle 0 

T&v — Tsl = Tix cos $ . ..(2) 

we obtain 

W = T %v (1 + cos#).(3) 

thus eliminating the quantities and T sv which cannot be deter¬ 
mined. Equation (3) has been deduced by Pockels (Physihal. 2., 
1914, 15, 39) and Edser (4th Report on Colloid Chemistry, 1922, 
p. 310), and an equivalent equation is deducible from Laplace’s 
theory of capillarity (Poincare, <c Capillarity,” 1895, 35). It appears 
to have been very little used. W being the adhesion of the liquid 
for the solid, and 2T LV the cohesion of the liquid, equation (3) shows 
that zero angle of contact indicates an attraction of liquid for 
solid at least as great as that of liquid for liquid, 90° shows that 
this adhesion is half the cohesion of the liquid, and 180° would 
indicate no adhesion. Clearly measurements of angles of contact 
against water will give a quantitative measure of the polarity of a 
solid surface. 

We have attempted to use the values of W for solid surfaces of 
long-chain aliphatic compounds as an indication of the orientation 
of the surface molecules. If many polar groups are at the free 
surface, the angle of contact should be low; if the surface consists 
solely of the hydrocarbon ends of the chains, the angle should be 
approximately the same as for paraffin wax. 

In measuring the angle of contact, we have used a plate of the 
solid, held in an adjustable holder, which could be set at any angle 
with the surface, and also raised or lowered by rack and pinion. 
The water was contained in a glass vessel, preferably rectangular 
with plate glass sides, filled to the brim; the sides were several 
millimetres thick and were covered with paraffin on the top; the 
water surface was cleaned as necessary by scraping with strips of 
paraffined glass. The plate was set by trial at such an angle that 
the water surface remained horizontal right up to the edge of the 
plate, this being determined either by inspection from the side, or 
by observation of the reflexion of a source of light in the water 
surface very close to the plate. The angle between the plate and 
the water surface was then measured by a protractor. 

These rather crude arrangements were adequate for ting work, as 
the plates varied in angle of contact, in different parts, by several 
degrees; there would be little difficulty in improving the optical 
; arrangements, but we would point out that it is of little use to employ 
accurateoptical devices in the measurement of angle of contact 
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unless both a proper means of obtaining a freshly cleaned water 
surface and a means of moving the plate relative to the water 
surface are provided. If contamination is present to an extent 
sufficient to affect the surface tension of the water, the angle of 
contact will be too low; the method of cleaning by paraffined 
barriers working on a fairly wide paraffined surface at the level 
of the water has been exhaustively tested in recent work on thin 
films and found simple and effective. Ablett’s most accurate work 
on paraffin wax (PM. Mag., 1923,46, 244) has probably given a good 
result, although no means of frequently cleaning the surface was 
available, because paraffin wax practically does not contaminate 
a water surface; nevertheless his apparatus would probably not 
be satisfactory for the majority of substances. An ideal apparatus 
might combine his method of rotating the cylinder of the solid 
with the method of cleaning by paraffined barriers. 

The principal difficulty in measurement of contact angles is the 
effect of motion of the solid in dragging the liquid along with it. 
In extreme cases, the angle when the liquid is advancing over the 
solid may be 60° greater than when it is receding. It is not necessary 
that there should be actual motion, for a force on the liquid tending 
to move it has the same effect. The phenomenon is obvious oh 
inspection of a drop of water on a slightly dirty glass plate ; it 
appears to have been first described in detail by Poekels (loc. cit .) 
and has been accurately measured in one case by Ablett. In the 
case of some surfaces, when the motion ceases, the line of contact 
of liquid and solid slips back to give a true equilibrium contact 
angle, the same whether the motion was advancing or receding. 
This was only observed with one or two mechanically smooth sur¬ 
faces, such as a scraped paraffin-wax surface. Ablett’s results 
(on surfaces turned in a lathe) indicate that he obtained a true 
" stationary ” angle of contact. In nearly all cases, including 
some with paraffin wax, when advancing motion ceased the liquid 
rose to an angle of contact which was greater than that to which 
it fell after cessation of receding motion. The angle usually became 
constant after motion, in less than a minute. So far as our 
observations go, it is indicated that the rougher the surface is, 
mechanically, the greater is the difference between the advanc¬ 
ing and receding angles; but it is not yet proved that there is 
always a relation between mechanical roughness and the dragging 
effect. 

The cause of this dragging effect (often called hysteresis 5, of 
the angle of contact) seems to us to lie, not in any absorption of 
Jhe liquid by the solid, but in a simple friction of the liquid dn Hgi|/ 
surface. Let F be the force of friction which just jarevenfe 
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then, when the liquid is on the point of advancing, equation (2) 
becomes 

T„ - T bl = T hv cos 0 A +F .(4) 

and when just receding, 

T sy — Tgj, — Tin eos0 E F . . • • * (®) 

S A and are the angles of contact when the force is just sufficient 
to move the liquid forwards or backwards, and are therefore the 
angles measured after moving the plate a short distance and waiting 
till the angle becomes constant after the motion has ceased. 

For the calculation of W by equation (3) the equilibrium angle 
s req uir ed. By adding (4) and (5), and eliminating T av — T &It 

by (2), 

2 cos 0 = cos 6 A + cos ..... (6) 

and when (as with the aliphatic substances here considered) the 
angles are between 45° and 135°, no error greater than 2° arises 
by substituting 

2 & = @a " 4 “ • • * * * • * C ^) 

By raising the plate of solid vertically by means of the rack and 
pinion, and t akin g the mean of the angles after advancing and after 
receding motion, the following values of the equihbrium angle of 
contact have been measured. The error is probably of the order 5° 
in most cases; the angle for a scraped paraffin-wax surface is prob¬ 
ably correct to 1°, and agrees with other published determinations. 


Surface. 

Paraffin wax: 

Scraped surface .... 

Soliuffied in air.... 

Solidified in contact with water. 

Oetadecyl iodide : 

Solidified in air .... 

Scraped ..-.. 

Pure hexadecyl alcohol: 

Solidified in air ... 

Scraped surface .... 

Crystalflake ....... 

KaHbaum’s “ cetyl alcohol ” (not cryst alline ) 
Palmitic, stearic, and eicosanie acids, also 
coznmemed “ stearic ” : 

Solidified in air .... 

Scraped ...... 

Crystal flake ..... 

Otriadecylamine and eicoeylamine hydro¬ 
chlorides: 

Flakes ..... 


Angle of 
contact. 

Work of adhesion 
in ergs per 
sq. cm. 

105° 

105 

85 to 100 

54 

54 

79*4 to 60-4 

ZOO 

95 

60-4 

66-5 

95 

50 to 75 

85 

20 to 50* 

66-5 

123 to 92 

79*4 

100 to 105 
50 to 105 
95 

60*4 to 54 

123 to 54 

66 

45 

128 


* The “ cetyl ” alcohol contaminated the water surface very quickly, and 
possibly the surface tension of the water was lowered sufficiently to render 
these angles decidedly too low. 
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There is a strong tendency for the surfaces which have solidified 
from a melt, in air, to approach the value for paraffin wax. This 
indicates that the normal orientation of molecules is with the paraffin 
chains outwards. 

Paraffin wax and octadecyl iodide, which contain no groups 
having a strong affinity for water, give practically the same angle 
at a surface cut from the interior as at the natural surface. The 
substances which contain polar groups at one end of the molecule, 
acids and alcohols, give very varying results for surfaces cut from 
the interior. These may be as low as 50°, or have practically the 
same value as the natural surface. It is known from the X-ray 
studies of Muller and Shearer that these substances crystallise in 
Hakes, the unit of which is a layer 2 rnols. thick, which has the polar 
groups in the interior and the hydrocarbon chains outwards. A 
cut surface which runs parallel to the direction of these flakes in 
the solid mass will expose very few, if any, polar groups; but one 
at right angles will expose the maximum number. Hence the 
variation in the results. 

An attempt was made to produce a surface of hexadecyl alcohol 
containing a very high concentration of polar groups, by solidifying 
the mass in contact with water, so that the layer of molecules nearest 
the water might be oriented with polar groups outwards. This 
was not successful, probably because this outermost layer sticks 
more closely to the water, to which it is attracted by polar groups, 
than to the solid plate, to which it is attracted only by the smaller 
attraction between methyl groups; surfaces crystallised in contact 
with water were of two kinds, some having a small angle of about 
55°, others giving about 100°. Frequently both types of surface 
were present on the same mass. It was observed that the surface 
with low angle of contact had a fine structure and did not flake off, 
the appearance indicating that the crystal flakes were nearly per¬ 
pendicular to the water; those with high angle easily flaked off, 
showing that the crystal flakes were parallel to the water. 

The table also indicates a tendency of the crystalline flakes 
(formed from alcoholic or benzene solutions) to have a lower angle 
of contact than the mass solidified from the melt. The difference 
is perhaps too small to be trustworthy in the case of the alcohols 
and acids, but the amine hydrochlorides (which could not be examined 
after solidification from a melt, as they decompose on melting) 
gave a very low angle of contact in the flakes. It is very probable, 
from the similarity of constitution and of the appearance of the 
flakes, that these flakes have the same molecular structure as those 
of the acids and alcohols. Thus the very strongly polar groupA 
in the interior appear to exercise an appreciable attraction 
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water over a distance equal to the length of an octadecyl chain— 
about 22 A.U. Owing to the fact that a layer of closely packed 
hydrocarbon chains is undoubtedly permeable to water molecules, 
this cannot be taken as a proof that the attraction of the interior 
polar groups does actually extend to a distance 22 A.U., still retain¬ 
ing a considerable fraction of its intensity. The interchange of 
water between the internal polaf groups and the exterior 
may result in something approaching chains of water molecules 
in among the hydrocarbon chains, and this would render the exterior 
surface polar. The flakes of these amine hydrochlorides, immersed 
in water for some hours, swell, and form a colloidal solution 
eventually. 

The Sorby Research Laboratory, 

University or Sheffield. [ Received , July 9 th , 1925.] 


CCLI .—The Parachor and Chemical Constitution. 
Pari II. Geometrical Isomerides. 

By Samuel Sugben and Henry Whittaker. 

Whilst many physical properties of geometrical isomerides have 
been investigated and correlated with configuration, no systematic 
study of the surface tensions of such substances appears to have been 
made. The work now described was commenced about two years 
ago with the object of collecting data for pairs of isomerides of 
known configuration which might provide a basis for a method of 
determining configuration when the chemical evidence was not 
conclusive. Meanwhile it was found by one of us (Sugden, J., 
1924, 125, 1178) that the parachor, a quantity involving surface 
tension and density, can be expressed as a simple additive function 
of certain atomic and structural constants; from these constants 
it is possible to calculate the theoretical parachor for all the sub¬ 
stances studied and, by comparison of this with the observed figure, 
to detect the existence of any anomalies. 

The determination of the parachor of geometrical isomerides is 
also of interest, since it has been found (Sugden, Reed, and Wilkins, 
tibia voL, p. 1525) that by means of this constant a distinction can 
be drawn between the two types of double bond which are predicted 
by the “ octet ” theory of valency as developed by Lewis, Langmuir, 
and Lowry. The non-polar double bond, consisting of two coval- 
eneae6, add3 23*2 units to the parachor, whilst the semipolar double 
bend, which is made up of one covalency and one electrovalency, 
lowers the molecular parachor by 1*6 units. It is therefore an easy 
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matter to determine experimentally the type of linking present in a 
particular compound. Lowry has suggested that the “ activated ” 
molecule of an ethylene derivative may contain a semipolar double 
bond; this may not, of course, persist in the resting state and 
Langmuir (loc. cit.) assumes that carbon-carbon double bonds are 
non-polar, so that each carbon atom possesses a complete octet. 
Further it has been suggested by one of us (Sugden, J., 1923,123, 
1864), that there must be free rotation about a semipolar double 
bond; hence it would be expected that compounds which exhibit 
geometrical isomerism would possess a linking of the non-polar 
type. It may be stated at once that all the ethylene derivatives so 
far examined, including those discussed in the present paper, have 
been found to contain non-polar double bonds. 

The substances which have been measured are all methyl esters 
of unsaturated acids. Esters were used to avoid the complication 
introduced by association of the free acids, and methyl esters were 
chosen so that the loading of the molecule, which might obscure 
small differences between isomeric substances, should be as small 
as possible. 

The results obtained are shown in the accompanying table. Since 
the calculated value of the parachor includes the effect of a non¬ 
polar double bond, the good agreement between the figures in the 
last two columns shows that all these compounds contain this type 
of linking. If a semipolar double bond were present the molecular 
parachor would be 24*8 units lower, and whilst deviations of a few 
units are present in the observed figures none of them is large enough 
to suggest the occurrence of this type of bond. 


Parachors of eis- and trans- Unsaturated Eaters, 

Parachor. 


Methyl ester. 

Con¬ 

figuration, 

Authority. 

Obs. 

Calc. 

Ciimamate 

trans 

Liebermann 1 

373*9 

377*9 

aZZoCiimamate 

cis 

*> 

376*1 


g-Bromoeinnamate 

trans 

Erlenmeyer 3 

426*6 

428*8 

a-Bromoollo einnamate 

cis 


427*9 

99 

jS-Bromocinnsmate 

trans 

Michael and Brown 3 

424*8 

99 

8-Brcmoa#ocinnainate 

cis 

» 19 

427*5 

99 

Mesaconate 

trans 

van’t Hoff 4 

341*9 

347*8 

Citraconate 

cis 

** 

346*1 

*» 

Fumarate 

trans 

>1 

308*5 

308*8 

Maleate 

cis 

99 

309*6 

99 

i Per., 1890, 23, 2511. 

2 Ibid., r 

>. 2130. 8 Ibid., 1886, 

19, 1378. 

4 “ Die 

Lagerung der Atome im 

Rsume,” i 

3raunsehweig, 1877, 21. 



There is a small but systematic difference between the valttg&ef 
the parachor for each pair of isomerid.es ; the 
which two bulky groups are adjacent, give values for 
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closely approximating to the theoretical figure, whilst the trans- 
compounds give rather lower values. The difference is small and 
varies from one unit in the case of maleic and fumaric esters to four 
units for the mesaconic and citraconie esters. It is therefore little 
greater than the experimental error; but it appears systematically 
in each of the pairs of compounds examined, so that configuration 
does seem to have a real although small effect upon the molecular 
parachor. 

Isomeric substances, the esters of the formula C 6 H 12 0 2 and 
the three xylenes, have very nearly the same parachor (Sugden, 
he . cit ., 1180, 1185). Since the atomic constants do not vary in 
different classes of substances, any differences between the parachors 
of isomerides must be due to marked differences in structure. The 
structural constants so far evaluated range from 46*6 for the triple 
bond to 6*1 for a six-membered ring and appear to depend chiefly 
upon the degree of unsaturation, or rather upon the crowding of 
the orbits of shared electrons. The semipolar double bond with a 
constant of —1-6 fits in with this conception, since, for example, in 
sulphates and phosphates there is no chemical evidence of un¬ 
saturation. Thus a marked difference between the parachors of 
isomerides would be expected to occur only with a marked difference 
in structure and in degree of unsaturation, as, for instance, in benzene, 
for which [P] calc. = 207T, and dipropargyl, for which [P] calc. — 
224-6. It is therefore not surprising that the configuration of 
geometrical isomerides has only a small influence upon the molecular 
parachor. 

Experimental. 

The isomerides of the cinnamic series were prepared by Sud- 
borough’s methods (J., 1903, 83, 666, 1153). Cinnamic acid was 
converted into ethyl a (3 - dibrorao - p -ph enylpropionate, the latter 
treated with alcoholic caustic potash, and the resulting mixture of 
a-hromocinnamic and a-bromoalZocmnamic acids separated by means 
of the barium salts. Phenylpropiolic acid was prepared by heating 
bromocinnamie acid with aqueous caustic potash. Sudborough 
recommends the use of a 20% solution of potash and gently heating 
on the water-bath, but a better conversion resulted by heating more 
vigorously with 30% potash. Even under these conditions the 
reaction was not complete, and difficulty was experienced in the 
purification of the phenylpropiolic acid until it was found that its 
barium salt was soluble in dilute ammonia and so could be readily 
separated from the insoluble barium bromoeinnamate. The p-bromo- 
acids were prepared by the addition of phenylpropiolic acid to 
saturated aqueous hydrobromic acid, and the isomerides separated 
by means of their barium salts. gfeCinna mi c acid was obtained 



CONSTITUTION. PART U. GEOMETRICAL ISOMERLDES. 1871 

by reducing (3-bromoaZk>cirmamic acid with zinc dust and 96% 
alcohol; the directions given by Michael (Per., 1901,34,3651) for the 
preparation of tsocinnamic acid were followed, but the results 
confirmed the conclusions of Sudborough (be. cit.) that the product 
is nearly pure allochmennic acid. 

With one exception the methyl esters were prepared from the 
free acids by the Fischer-Speier method. Maleic acid under this 
treatment gave a mixture of fumarate and maleate which contained 
very little maleate; this ester was therefore made by the action of 
methyl iodide on the silver salt. 

The surface tensions of the purified esters were determined by the 
method of maximum, bubble pressure (J., 1922, 121, 860; 1924, 
125, 27). Seven bubblers were used in the course of the work and 
in general each substance was measured on two instruments. The 
constants for these are tabulated below. The densities over a 
suitable temperature range were determined by means of the 

App. 3b. 4a. , 4e. 4d. 5b. 6. 6a. 

r 2 cm. 0-159 0-139 0-139 0-139 0*140 0-156 0-156 

A ... 0*004664 0-003708 0-004790 0-007767 0-009655 0*004439 0-009109 

U-shaped! pyknometer previously described (J., 1924, 125, 1171). 
In the tables below, t is the corrected temperature, P the difference 
in pressure in dynes/cm. 2 required to liberate bubbles from the two 
tubes, D the density in gm./c.c., <j> the correction factor, and y the 
surface tension in dynes/cm. The parachor is calculated by the 
formula [P] = y ll4 MjD, where M is the molecular weight. 

Methyl cinnamate was recrystallised from ligroin and melted 
sharply at 33-5° (corr.), M 162-1. Densities determined: 1*078 at 36°, 
1*069 at 47°, 1*058 at 61°, 1*046 at 76°, 1*035 at 90°; whence D£- = 
1*107 — 0*0(X)795 t. 


App. 

t. 

P. 

D. 

4>* 

7* 

Parachor. 

4a 

46° 

9926 

1*070 

1*010 

37*17 

374-1 

4c 

56 

7373 

1*062 

1*0135 

35-78 

373-4 

4a 

67 

9353 

1*053 

1*011 

35*05 

374*4 

4c 

75 

6960 

1*047 

1-014 

33-80 

373*4 

4a 

90 

8696 

1*035 

1*011 

32-60 

374*3 


Mean 373*9 


This substance was measured by Walden and Swinne (Z. physilcal. 
Ghent., 1912, 79, 730) and &y Morgan and Chazal (J. Amer. Ghent . 
Soe ., 1913, 35, 1821). They used the density data of Weger 
(Anncden, 1883,221,75), which are 4% lower than ours. Calculated 
with the aid of our densities, the surface tensions found by Walden 
and Swinne agree well with our measurements, whilst those of 
Morgan and Chazal are still low. The latter workers give no criteria 
by which the purity of their specimen can be judged. r 
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Methyl ailocimiamaie boiled at 129—130° (eorr.)/17 mm., M 162*1. 
Densities determined: 1*088 at 20°, 1*078 at 30°, 1*057 at 51°, 
1*047 at 62°, 1*029 at 80°; whence D% = 1*107 - 0*000977 L 


App. 

t . 

P. 

D. 

<*>* 

7* 

Paraehor. 

4d 

20° 

5069 

1*088 

1*020 

40*17 

375*2 

99 

41 

4732 

1*067 

1*021 

37*53 

376*2 

99 

62 

4400 

1*047 

1*022 

34*93 

376*6 

99 

78 

4139 

1*031 

1*023 

32*88 376*5 

Mean 376*1 


Methyl x-bromocinnamate boiled at 165° (corr.)/16 mm., M 241*0. 
Densities determined: 1*475 at 20°, 1*450 at 40°, 1*419 at 65°, 
1*388 at 90°, 1*363 at 110°, 1*333 at 135°; whence D£ = 1*500 
- 0*001238 L 


App. 

t. 

P. 

D. 

<P• 

7* 

Paraehor. 

3b 

20° 

9618 

1*475 

1*0165 

45*59 

424*6 

6 

30 

9828 

1*463 

1*016 

44*32 

425*0 

3b ' 

51 

8810 

1*436 

1*0175 

41*80 

426*9 

6 

61 

8966 

1*424 

1*017 

40*47 

427*0 

3b 

81 

8044 

1*399 

1*019 

38*22 

428*4 

4e 

112 

6948 

1*361 

1*018 

33*87 

427*3 

99 

131 

6469 

1*337 

1*0195 

31*57 427-3 

Mean 426*6 


Methyl cz-bromoaXLocinnaniate boiled at 153*5—154° (corr.)/14 mm., 
M 241*0. Densities determined : 1*450 at 20°, 1*429 at 39°, 1*406 
at 57°, 1*397 at 65°, 1*378 at 81°; whence DJ = 1*475 - 0*001195 1 . 


App. 

t . 

P. 

D. 

<P • 

7* 

Paraehor. 

3b 

20° 

9155 

1*451 

1*017 

43*41 

426*4 

6 

30 

9380 

1*439 

1*016 

42*30 

427*3 

3b 

48 

8468 

1*417 

1*018 

40*20 

427*4 

6 

60 

8588 

1*403 

1*017 

38*77 

428-8 

3b 

81 

7595 

1*378 

1*0195 

36*10 

428*8 


Mean 427*9 


Methyl $-br<m 0 cinmmate boiled at 166*5° (corr.)/16 mm., M 241*0. 
Densities determined: 1*468 at 20°, 1*450 at 36°, 1*435 at 49°, 
1*411 at 70°/1*400 at 80°; whence 2>£ = 1*490 - 0*00113 t 



U 

P. 

D. 

£* 

7* 

Paraehor. 

3b 

20° 

9445 

1*468 

1*017 

44*79 

424*7 

4c 

32 

8706 

1*454 

1*016 

42*36 

422*9 

9* 

53 

8263 

1*439 

1*016 

40*21 

424*5 

6 

61 

8855 

1*421 

1*017 

39*96 

426*5 

4e 

77 

7699 

1*404 

1*017 

37*49 425*0 

Mean 424*8 


Methyl ^bromod^ocinnamate was recrystallised from ligroin and 
melted sharply at 59° (corr.), M 241*0. Densities determined: 
i?3S8mt62V 1*376 at 70°, 1*358 at 85% 1*346 at 95°; whence ** 
1*461 — 0*00121 L 
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App. 

t . 

P. 

P. 

< P • 

7* 

Parachor. 

6a 

66° 

3814 

1-381 

1*038 

36*04 

427-7 

4a 

71 

9372 

1*375 

1*014 

35*23 

427-1 


81 

9064 

1*363 

1*014 

34*07 

427*3 

6a 

86 

3537 

1*357 

1*041 

33*54 

427*5 

4a 

94 

8690 

1*347 

1*015 

32*70 427*9 

Mean 427*5 


Dimethyl mesaconate boiled at 100° (corr.)/16 M 158-1. 

Densities determined: 1-126 at 20°, 1*115 at 30°, 1-098 at 45°, 
1-076 at 65°, 1-060 at 80°; whence D£ = d*148 — 0-00110g, 


App. 

t. 

P. 

P. 

<f>. 

7- 

Parachor. 

6a 

20° 

3691 

1*126 

1*032 

34*68 

340*8 

4a 

32 

9010 

1*113 

1*012 

33*80 

342*6 

6a 

52 

3268 

1*091 

1*035 

30*80 

341*5 

4a 

63 

7945 

1*079 

1*013 

29*84 

342*5 

6a 

80 

2928 

1*060 

1*038 

27*68 

342*2 


Mean 341*9 


Dimethyl citraconate boiled at 103-5° (corr.)/16 mm., M 158*1. 
Densities determined: 1-113 at 26°, 1-101 at 36°, 1*091 at 45°, 
1*081 at 55°, 1-070 at 65°, 1-056 at 78°; whence D?= 1*140 — 
0*00108 1. 


App. 

tJ 

P. 

P. 

<£* 

7* 

Parachor. 

6a 

20° 

3801 

1*119 

1*031 

35*69 

345*6 

4a 

32 

9208 

1*106 

1*011 

34*51 

346*6 

6a 

53 

3332 

1*083 

1*034 

31*37 

345*6 

4a 

64 

8203 

1*071 

1*012 

30*78 

347*7 

6a 

79 

2986 

1*055 

1*037 

28*20 

345*3 


Mean 346*1 


Dimethyl fumarate, recrystallised from ligroin, melted sharply at 
102° (eorr.), M 144-1. Densities determined: 1*049 at 106°, 
1-032 at 121°, 1*022 at 129°, 1-010 at 140°, 0-999 at 150°, 0*987 
at 160°; whence D^ = 1-170 - 0*00114 1 


App. 

t. 

P. 

P. 

<P - 

7* 

Parachor. 

6a 

106° 

2708 

1*049 

1*041 

25*67 

309*3 

77 

123 

2503 

1*029 

1*043 

23*77 

309*3 

4a 

132 

6040 

1*019 

1*016 

22*75 

308*9 

6a 

146 

2221 

1*003 

1*048 

21*20 

• 308*4 

4a 

163 

5083 

0*984 

1*018 

19*18 

306*6 


Mean 308*6 


Dimethyl maleate boiled at 102° (corr.)/17 mm., M 144*1. Densities 
determined: 1*160 at 20°, 1-144 at 35°, 1-115 at 60°, 1*075 at 95°, 
1-058 at 113°, 1*031 at 135° ; whence D£ = 1*183 - 0*00112 L 


App. 

t . 

P. 

P. 

<P * 

7 * 

Parachor. 

4c 

24° 

7682 

1*156 

1*014 

37*31 

308-4 

5b 

35 

3642 

1-144 

1*030 

36*21 

309-0 

4c 

51 

7020 

1*128 

1*015 

34*12 

309*3 

5b 

67 

3239 

1-108 

1*032 

32*26 

310-1 

4c 

86 

6150 

1*087 

1*017 

29-95 

310*1 

>» 

113 

5509 

1-056 

1*018 

26-85 

310-0 

77 ' 

143 

4795 . 

1*023 

1*020 

23-42 

310*0 f 


Mean 309*6 ^ 
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Summary. 

(1) The surface tension and the density of five pairs of geometrical 
isomerides have been measured over a range of temperatures. 

(2) All the substances examined contain a non-polar double bond 
adding 23*2 units to the molecular parachor. 

(3) The cis-compounds, in which two bulky groups are adjacent, 
have slightly higher paraehors than the corresponding trans- com¬ 
pounds. 

One of us (S. S.) wishes to express his thanks to the Research Fund 
Committee of the Chemical Society for a grant which has partly 
defrayed the cost of this investigation. 

Birkbeck College (University op London), 

Fetter Lane, E.C. 4. [Received, July 9th, 1925]. 


CCLII.— A New Synthesis of Aldehydes. 

By Henry Stephen. 

The basis of this new method is the conversion of a nitrile through 
the imino-chloride (which need not be isolated) into an aldehyde 
with the same number of carbon atoms. The most suitable reducing 
agent is anhydrous stannous chloride * dissolved in ether saturated 
with hydrogen chloride. Finely powdered, anhydrous stannous 
chloride (1| mols.) is suspended in dry ether, which is then saturated 
with dry hydrogen chloride until the mixture separates into two 
layers, the lower viscous layer consisting of stannous chloride 
dissolved in ethereal hydrogen chloride. The nitrile (1 mol.) is 
now added with vigorous shaking and, after a few minutes, separation 
begins of a white, crystalline aldimine stanniehloride, 
(R-CH:NH,HCl) 2 ,SnCl 4 . 

The course of the formation and reduction of the imino-chloride 
is therefore as follows : R*CN + HC1 —> R-CGKNH; R-OT-NH + 
SnCla + 2HC1 —> R-CHINHjHCl -f SnCl 4 . After removal of this 

* The anhydrous stannous chloride for these reactions was prepared by 
heating the crystalline variety until the temperature reached 180°. The 
product contained some stannous oxide, but this appears to be insoluble in 
ether saturated with hydrogen chloride. A convenient and rapid method 
for preparing pure anhydrous stannous chloride is to dissolve the fused 
obtained as above in pyridine. Solution takes place with evolution of heat 
and the insoluble stannous oxide is then filtered oS. The filtrate deposits 
fine, white needles of a double compound, SnCl 2 ,2C 5 H 5 N (Found ; SnCl 2 ,53-2 ; 

46-4. SnCl^SCsHgN requires SnCl 2 , 53*2; C 5 H 5 N, 46*8%). When 
the double compound is heated under diminished pressure the pyridine is 
removed; the residue is anhydrous stannous chloride* 
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salt the ether may be again employed for another preparation. 
The salt is readily hydrolysed by warm water, and the aldehyde 
formed may be removed by distillation with steam or extraction 
with a solvent. 

The method is applicable to aliphatic and aromatic nitriles, and 
the yields are usually almost quantitative. As the rate of deposition 
of the stannichloride varies in different cases, it is advantageous 
to allow at least two hours for completion of the reaction. 

3:4:5-Trimethoxybenzonitrile and other nitriles which are 
only sparingly soluble in cold ether may be dissolved in chloroform 
and the solution added to the reducing agent. 

o-Toluonitrile and a-naphthonitrile give only small yields of the 
respective aldehydes. This is no doubt due to steric hindrance, 
of which the two nitriles form well-known examples; both, for 
instance, fail to give imino-ethers (Pinner, “ Die Imidoather und 
ihre Derivate,” 1892, pp. 4, 81), for the formation of which an imino- 
chloride is essential. 

A special application of the method is the formation of indole 
by reduction of o-nitrophenylacetonitrile; sufficient reducing 
agent is employed to reduce both the imino-chloride and the nitro- 
group: 


i~t tt ^CELj-CN . p tt ^ CH 2 *CHO 




f 1 TT 

°6 ±± 4 < ^]snE* 


(compare Pschorr, Ber 1910, 43, 2543). 


Experimental. 

n-Ocialdehyde. —Octonitrile was prepared by warming a solution 
of octoamide in thionyl chloride on the water-bath for 30 minutes 
and removing the excess of thionyl chloride under diminished 
pressure. The residue of nitrile (b. p. 87°/10 mm.) was almost pure 
and the yield quantitative. The method has been applied to the 
amides of myristic, palmitic, and stearic acids with equally good 
results. 

Octonitrile (25 g.) was brought into reaction with stannous 
chloride (57 g.) in dry ether (200 c.c.), saturated with hydrogen 
chloride as described above. The aldehyde produced by hydrolysis 
of the stannichloride was isolated by distillation with steam and 
extraction with ether. It was obtained as a colourless oil, b. p. 
65°/ll mm., having a strong lemon-like odour. Prepared by the 
usual methods and crystallised from methyl alcohol, the oxime was 
obtained in fine, silky needles, m. p. 60°, the semicarbazone in 
needles, m. p, 98°, and ihe^-nUroph^nylbydrazone m bright yellow 
needles, m. p.. 80° (Found : 1ST, 15*8. G u H^ 1 0 2 N 3 requkes M,$ 

15-9%). . . ^ 
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- MyristaMehyde was prepared from the corresponding nitrile, 
but being only slightly volatile in steam it was extracted with warm 
ether after hydrolysis of the stanniehloride. It was, obtained as 
thin, colourless laminae, m. p. 23°, b. p. 155°/10 mm., and rapidly 
polymerised to a white solid, m. p. 65°. The oxime and semi- 
carbazone crystallised from methyl alcohol in needles, m. p. 82*5° 
and 106-5°, respectively (compare Le Sueur, J., 1905, 87, 1900). 
The p -nitrophenylhydrazone is a bright yellow, crystalline powder, 
m. p. 95° (Pound : N, 12-4. C^HggO^g requires N, 12*1%). 

Palmitaldekyde formed thin plates with nacreous lustre (from 
ether), m. p. 34°; the polymeride had m. p. 73—74°. The oxime 
and semicarbazone crystallised from methyl alcohol in needles, 
m. p. 88° and 107°, respectively (Le Sueur, loo, cit.). The p -nitro¬ 
phenylhydrazone formed yellow needles, m. p. 96*5°, from alcohol 
(Pound : N, 11-3. C 22 H 37 0 2 N 3 requires N, 11*2%). 

StearaMehyde has m. p. 38°, not 63-5° as stated by Krafft (Ber., 
1880, 13, 1417). It rapidly polymerises to a white solid, m. p. 80° 
The oxime and semicarbazone crystallise in needles, m. p. 89° and 
108—109°, respectively. The p -nitrophenylhydrazone forms yellow 
needles, m. p. 101°, from methyl alcohol (Pound; N, 10*6. 
0^H 41 O 2 N 3 requires N, 10*4%). 

BenzaXdehyde ,—Benzonitrile is rapidly and almost quantita¬ 
tively converted into benzaldehyde by the new method. The 
stanniehloride was obtained in white needles from alcohol (Pound: 
Sn, 21-2. C 14 H 16 N 2 Cl 6 Sn requires Sn, 21*8%). The salt, if dry, 
may be preserved indefinitely. It dissolves in water, but is rapidly 
hydrolysed when the solution is warmed. 

3 : 4 : 5-Trimethoxybenzaldehyde .—The corresponding nitrile is 
readily obtained by the action of thionyl chloride on the amide 
(yield 90%), and without further purification melts at 93° as stated 
by Harding (J., 1911, 99, 1594). A solution of the nitrile (9 g.) in 
20 c.c. of chloroform is added to anhydrous stannous chloride (9 g.) 
in ether (150 c.c.) saturated with hydrogen chloride. After an 
hour the yellow stanniehloride is filtered off, hydrolysed by boiling 
water, and the solution filtered. 3:4: 5-Trimethoxybenzaldehyde 
crystallises from the filtrate in s h i m mering leaves, m. p. 74— 
75°. The oxime has m. p. 88°; the semicarbazone, m. p. 218°; 
and the p-mtrophenylhydrazone, m. p. 201° (compare Mauthner, 
Ber., 1908, 41, 923). 

Indole, —o-Nitrophenylacetonitrile (3 g.) is added to a solution 
of anhydrous stannous chloride (16 g.) in ether (100 c.c.) saturated 
Wife hydrogen chloride. After remaining 2 hours, the stanni- 
dHorWb iS filtered off, dissolved in water, the solution made alkaline 
with sodium hydroxide, and the indole removed in a current of 
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steam. The product, m. p. 52° (yield 1*2 g.) 5 shows all the char¬ 
acteristic properties of indole. 

The following aldehydes have been prepared by the new method, 
and except in the cases marked * the yields were almost quanti¬ 
tative. o-Tolualdehyde,* b. p. 94°/10 mm.; p -nitrophenylhydrazom, ‘ 
red needles, m. p. 222°, from alcohol (Found : N, 16*2. C 14 H 13 0 2 N 3 
requires N, 16.4%). ^-Tolualdehyde, b. p. 106°/10 mm.; p-^ro- 
f Mnylhydrazone , similar to the above, m. p. 200*5° (Found: N, 
16*5%), o- and ^-Chlorobenzaldehydes, phenyl-, ^-chlorophenyl-, 
and p-tolyl-acetaldehydes (p -nitrophenylhydrazone of the last, 
yellow needles from alcohol, m. p. 144*5°. Found: N, 15*3. 
C 15 H 15 0 2 N 3 requires N, 15*6%), cinnamaldehyde and (3-phenyl- 
propaldehyde, a-naphthaldehyde * (m. p. 33—34°; oxime, m. p. 
39°; semicarbazone, m. p. 222°; p- nitrophenylhydrazone , orange 
needles, m, p. 234°. Found: N, 14*4. C 17 H 13 0 2 ]S[3 requires N, 
14*4%). The investigation is being continued. 

In conclusion, the author has to thank Professors Lapworth and 
Bobinson for their interest in the research. 

The University, Manchester. [Received, June 26 th , 1925.] 


CChlll.—fifi'-Dichloro- and fifi'-Dibromo-dieihyl 
Selenides and their Simple Halogen Derivatives . 

By Hugh Chester Bell and Charles Stanley Gibson. 

In studying the reaction between ethylene and selenium mono¬ 
chloride, Bausor, Gibson, and Pope (J., 1920, 117, 1453) showed 
that §p'-diehlorodiethyl selenide dichloride (m. p. 122*5°) is formed 
and that the reaction proceeds according to the equation 2CH 2 ICH 2 + 
2Se 2 Cl 2 =(CH 2 Cl*CH 2 ) 2 SeCl 2 +3Se. Heath and Semon ( Ind . Eng. 
Chem ., 1920, 12, 1100) suggested that the final product is s-tetra- 
chlorodiethyl selenide, (CHCl^CH^aSe, m. p. 118°.f On the other 
hand, Boord and Cope (J. Amer. Chem. Soc., 1922, 44, 395) agree 
that the final product is £p'-dichlorodiethyl selenide dichloride, 
but they advance arguments to prove that the reaction goes in 
two stages: 

(a) 2C 2 H 4 +Se 2 Cl 2 =(C 2 H 4 Cl) 2 Se+Se. 

. (i b ) (C 2 H 4 Cl) 2 Se+Se 2 Cl 2 -(C 2 H 4 a) 2 SeCl 2 +2Se. 

In their paper Boord and Cope do not give any indication that 
they have investigated the reaction between ethylene and selenium 

f These authors state that hydrogen chloride is evolved during the reaction. 
We have found that thisis net,so if precautions are taken to exclude moisture. 
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monochloride and did not isolate (3 (3' -dichlorodiethyl selenide which, 
the present work has further proved, was described by Bausor, 
Gibson, and Pope for the first time (compare Boord, Ind . Eng. 
Chem. 9 1919, 11, 101). The argument advanced by Boord and 
Cope is based on the results of experiments on the reaction between 
selenium monochloride and propylene, butylene, and amylene, 
respectively, and they show in each case that when selenium mono¬ 
chloride is added to the olefine the (3(3'-diehlorodialkyl selenide is 
produced (reaction a). The only case of the formation of a selenide 
dichloride found by Boord and Cope was when they carried out 
the reaction between selenium monochloride and propylene, sub¬ 
stantially under the conditions maintained by Bausor, Gibson, 
and Pope in the case of ethylene, and they obtained pp'-dichloro- 
dipropyl selenide dichloride. If the reaction between the olefines 
and selenium monochloride is a general one and occurs in two stages 
as stated by Boord and Cope, then that between the selenide 
and selenium monochloride (b) must be quantitative and proceed 
under the ordinary conditions of the experiment. In only one case 
apparently did the authors try this; they found that when equi- 
molecular quantities of selenium monochloride and pp'-dichloro- 
dibutyl selenide were mixed the selenide dichloride was not obtained. 
The work of Boord and Cope indicates that the selenide dichlorides 
from butylene and amylene are difficult to prepare and may not 
have been obtained, but it affords little evidence that the reaction 
between ethylene and selenium monochloride takes place in two 
stages. 

When selenium monochloride in chloroform is added to a chloro¬ 
form solution of pp'-dichlorodiethyl selenide at the ordinary tem¬ 
perature the formation of p^-dichlorodiethyl selenide dichloride 
is, we find, instantaneous and selenium separates at once. Although 
it may be convenient to regard the formation of the selenide as a 
phase in the reaction, it is clear that it cannot exist in the presence 
of selenium monochloride for any appreciable time. We describe 
below a highly satisfactory method for the preparation of (ip'-di- 
chlorodiethyl selenide from the dichloride in which the possibility 
of its contamination with selenium is avoided and since the prepar¬ 
ation of the dichloride can be carried out so readily we have 
not investigated the possibility of the preparation of the some¬ 
what toxic selenide directly from selenium monochloride which, at 
the best, would involve the separation of the product from selenium. 

pp'-Bichlorodiethyl selenide dichloride can be prepared not only 
by the action of ethylene on selenium monochloride, but also in 
quantitative yield from selenium tetrachloride, 

2C 2 H 4 +Sea 4 ^(CH 3 a<aa s ) 2 SeCl 2 , 
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and the separation of the product from selenium is thereby avoided. 
It is possible to chlorinate selenium in the presence of benzene 
(very little chlorination of the latter takes place) or other suitable 
solvents to the tetrachloride and to convert this quantitatively 
into the final product, the same vessel being used throughout. 
In an analogous manner, pp' -dibromodiethyl selenide dibromide is 
obtained, starting with selenium. 

Bausor, Gibson, and Pope suggested that the colourless, crystalline 
substance, m. p. 23—25°, obtained in small quantity by reducing 
a cold aqueous solution of pp'-dicMorodiethyl selenide dichloride 
with sulphur dioxide is probably pp'-dichlorodiethyl selenide {loc. 
cit. ). This is the fact. It can also be prepared by’reducing the 
dichloride with hydrogen sulphide or, best, with potassium meta¬ 
bisulphite. It has a characteristic and persistent garlic-like odour 
and its toxicity appears to be very much less than that of pp'-di- 
chlorodiethyl sulphide. The corresponding -dibromodiethyl 
selenide is prepared in an analogous manner by reduction of the 
corresponding dibromide. 

On treatment under appropriate conditions with either chlorine 
or bromine, the selenides combine with two atomic props, of the 
halogen. Apart from the dichloride and the dibromide already 
mentioned, we have prepared in this way pp' -dicMorodietkyl selenide 
dibromide and -dibromodiethyl selenide dicMoride . Since chlorine 
combines with pp'-dicMorodiethyl selenide to give the product 
obtained by the reaction of ethylene with selenium monochloride, 
these compounds afford additional evidence of the correctness of 
the constitution given to pp^dicMorodiethyl selenide dichloride 
by Bausor, Gibson, and Pope. pp'-DicMorodiethyl selenide di- 
chloride is precipitated from its aqueous solution by hydrocMoric 
acid, and similarly the corresponding dibromide is precipitated by 
hydrobromic acid. The product obtained by adding hydrocMoric 
acid to an aqueous solution of pp'-chbromodiethyl selenide di¬ 
bromide was proved to be the dicMoride by its yielding pp'-di- 
bromodiethyl selenide on reduction with potassium metabisulpMte. 
Under similar conditions, p p' -diehlorodiethy 1 selenide dibromide 
is converted into pp'-dicMorodiethyl selenide. It is interesting 
to compare the instability of pp'-dicMorodiethyl sulpMde dibromide 
(Gibson and Pope, J., 1920, 117, 277) with the great stability of 
the analogous compounds of selenium now described.* 

♦ Propylene reacts with selenium tetrachloride in a precisely similar 
manner to ethylene, and a quantitative yield of Pp'-diehlorodipropyl selenide 
dichloride results. This compound, reduced by potassium, metabisulphite, 
is converted quantitatively into 0£'-dichlorodipropyl selenide (compare Boord 
and Cope, foe. cit.). 
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So fax, all attempts to prepare direct oxidation products of 
(^'-chchlorodiethyl selenide have failed. Although part of it is 
destroyed in the process, p (3' -dichlorodiethyl selenide dichloride 
can be recrystallised from concentrated nitric acid. Under the 
conditions for converting p £dichlorodiethyl sulphide into the 
corresponding sulphoxide (Gibson and Pope, loc . tit.), pp'-dichloro¬ 
diethyl selenide is partly destroyed and the dichloride crystallises 
out from the solution. Although the dichloride in aqueous solu¬ 
tion behaves like the chloride of a bivalent metal, we have not 
been able to isolate either the corresponding hydroxide or oxide. 
An attempt to prepare the oxide by the action of ethylene on 
selenium oxychloride resulted in the formation of the dichloride 
and selenium dioxide, the following reaction presumably taking 
place: 

2Se0Cl 2 +2C 2 H 4 =Se0 2 +(C 2 H 4 Cl) 2 SeCl 2 . 

Experimental. 

$$ r -Dic7dorodi ethyl Selenide Bichloride .—Some quantity of this 
compound was prepared by the original method from selenium 
monochloride and the previous results were confirmed in all respects. 
When an excess of dry ethylene was passed into a dry benzene 
solution of selenium monochloride, hydrogen chloride was not 
evolved for *the issuing gas produced no change in the alkalinity 
of standard sodium hydroxide. In an actual experiment, dry 
ethylene was passed into a rapidly stirred solution of 42 g. of 
selenium monochloride in dry benzene, cooled in running water. 
The yields of pp'-dichlorodiethyl selenide dichloride and of pre¬ 
cipitated selenium obtained were 24 g. and 19 g., respectively; 
according to the equation, they should be 25*4 g. and 21*7 g. 

The preparation from selenium tetrachloride is, however, much 
more convenient, since all contamination with selenium is avoided. 
A rapid stream of chlorine is passed into a cooled, well-stirred 
suspension of finely divided selenium (1 part) in a convenient 
amount of benzene (carbon tetrachloride, chloroform or ether 
toy be used). Selenium tetrachloride is formed with evolution 
of heat and separates rapidly as a pale yellow powder. The chlorine 
supply is then cut off, finely divided selenium (3 parts) added, and 
stirring continued for some time, during which the selenium tetra¬ 
chloride is converted into the monochloride and almost complete 
solution is effected. The somewhat diluted benzene solution is 
filtered in a dry atmosphere, and chlorination is continued rapidly 
under the same conditions as brfore until the solution is completely 
decolorised and the selenium tetrachloride separates as a pale 
yellow powder, almost insoluble in most organic solvents* After 
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freeing tlie solution from excess of chlorine by passing dry air, 
ethylene is passed in until complete solution of the selenium tetra¬ 
chloride is effected in the warm solvent, which should become 
quite colourless when the reaction is finished. The dichloride 
crystallises as the solution cools and the small amount remaining 
in solution can be recovered in the usual manner. In this way, 
from a total amount of 20 g. of selenium, 60—65 g. of pp'-dichloro- 
diethyl selenide dichloride can be prepared conveniently in the 
course of about 8 hours including the preparation of the necessary 
ethylene. That the reaction between selenium tetrachloride and 
ethylene takes place according to the equation 2C 2 H 4 +SeCl 4 == 
(C 2 H 4 Cl) 2 SeCl 2 was proved by passing ethylene into dry benzene 
in which 10 g. of the tetrachloride was suspended. Twelve grams 
of the resulting compound was obtained (theory requires 12-5 g.). 

The identity of the compound prepared from selenium tetra¬ 
chloride with that prepared from the monochloride was proved 
by its melting point (122-5°), by its crystalline form, and by its 
behaviour with sodium hydroxide in cold aqueous solution (Found : 
titratable Cl, 25*9; M, cryoscopic in hexaehloroethane,* 276. 
Calc, for C 4 H 8 Cl 4 Se : titratable Cl, 25-6% ; M, 277-2). The com¬ 
pound is best purified by recrystallisation from chloroform. It 
can be almost quantitatively recovered from its aqueous solution 
by addition of concentrated hydrochloric acid and this is also a 
convenient method of purification. Its aqueous solution decom¬ 
poses above 35°, and rapidly when boiled, with evolution of ethylene. 

When concentrated hydrobromie acid was added to a cold 
aqueous solution of p p' - dichlorodiethy 1 selenide dichloride, a 
yellow, crystalline precipitate was obtained which, after recrystal¬ 
lisation from chloroform, had m. p. 117° (decomp.) and was 
proved by its constants and by analysis to be $$ f -dicMorodietJiyl 
selenide dibromide , obtained also in another way (see p. 1883). 

In attempts to isolate p p'« dichlorodiethyl selenide dihydroxide, 
careful addition of sodium %droxide (2 equivs.) to the aqueous 
solution of the dichloride gave negative results. Similarly, in 
attempting to prepare p p ' - dichlorodiethyl selenide oxide by the 
action of dry silver oxide on a benzene solution of the dichloride, 
selenium was deposited and no oxide-like substance could be isolated. 

$$'-Dibromodiethyl Selenide Dibromide , (CHgBrCOEJgSeBrg, is pre¬ 
pared in an analogous manner to the dichloride. Finely divided 
selenium is suspended in pure carbon tetrachloride and bromine 
is added to the rapidly stirred suspension until the whole of the 

* The -use of hexaehloroethane for the determination of molecular weights 
has not yet been described but, as soon as its general applicability hart&e# 
determined, an account will be submitted for publication. » 

von. oxxvn. 3 s 
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bromine is converted into the tetrabromide. The excess of bromine 
is removed either by boiling or by passing a current of dry air. 
Dry ethylene is then passed into the rapidly stirred suspension of 
the tetrabromide until the solution becomes clear; the pp'-di- 
bromodiethyl selenide dibromide dissolves in the warm solvent and 
crystallises on cooling. One crystallisation from chloroform is 
sufficient for complete purification, well-formed, bright yellow 
prisms, m. p. 118°, being obtained (Found : Br, 71*1. C 4 H 8 Br 4 Se 
requires Br, 71*6%). 

pp'-DicTilorodiethyl Selenide , (CH 2 Cl*CH 2 ) 2 Se.—The substance, 
m. p. 23—25°, originally prepared by Bausor, Gibson, and Pope 
(loc. cit.) by passing sulphur dioxide into a cold aqueous solution 
of pp'-diehlorodiethyl selenide dichloride, was prepared again by 
the same method and proved to be pg'-diehlorodiethyl selenide 
identical with the product obtained more conveniently by a slightly 
different procedure. 

p^-Dichlorodiethyl selenide dichloride may be reduced in boiling 
benzene solution by dry hydrogen sulphide. Sulphur separates 
and the reaction is finished when hydrogen chloride ceases to be 
evolved. On distilling off the benzene from the filtered solution, 
a product is obtained, m. p. about 24°, which is extremely difficult 
to obtain free from adhering sulphur. On extraction with dry 
ether, some sulphur is left undissolved, but the melting point of 
the product is scarcely affected. Fractional freezing of the material 
to free it from sulphur is not very satisfactory and even after repeat¬ 
ing this process several times analysis shows that the resulting 
material is not quite pure (Found: Cl, 33*2%). 

After many experiments the following method was finally adopted 
for preparing pp'-dichlorodiethyl selenide conveniently in a state 
of purity. A solution of pure -dichlorodiethyl selenide dichloride 
(10—15 g.) in cold water is shaken with cold aqueous potassium 
metabisulphite (calc, quantity) and at once extracted with ether. 
The ethereal solution is washed with water, dried with calcium 
chloride, and evaporated; the selenide crystallises easily (yield 
almost theoretical). It is convenient to purity it by pressing on 
to clean unglazed porcelain and subsequent fractional freezing. 
It crystallises in colourless needles, m. p. 24*2° (Found : Cl, 34*7; 
Se, 38*6; if, cryoscopic in benzene, 196. Calc, for C^HgCySe: 
Cl, 34*4; Se, 38*4% : M, 206). Unlike the corresponding sulphide, 
it cannot be distilled in a water-pump vacuum without considerable 
decomposition. The distillate, however, contains some unchanged 
selenide which is identified by conversion into the dibromide (see 
below)., 

P$'-I)iehlorGdiethyl selenide combines with chlorine (i mol.) to 
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give the dichloride and with bromine (1 mol.) in chloroform solu¬ 
tion. The reaction is quantitative: 0-3915 g. decolorised 0*315 g. 
bromine, the theoretical quantity being 0*303 g. bromine. The com¬ 
pound so formed is therefore $$'-dichlorodiethyl selenide dibromide, 
(C 2 H 4 Cl) 2 SeBr 2 , which crystallises from chloroform in pale yellow 
prisms, m. p. 117° (decomp.). This compound, on reduction with 
potassium metabisulphite in the manner already described, yields 
pp'-dichlorodiethyl selenide. It has been mentioned that when 
hydrobromie acid is added to a cold aqueous solution of pp'-di- 
chlorodiethyl selenide dichloride this dibromide is precipitated 
(see p. 1881) and the facts now brought forward prove that when 
pp'-dichlorodiethyl selenide dichloride is dissolved in water the 
halogen atoms attached to the selenium are hydrolysed. 

When a chloroform solution of selenium monochloride is added 
to a similar solution of pp'-dichlorodiethyl selenide, selenium is at 
once precipitated and the filtered solution yields a quantitative 
amount of pp'-dichlorodiethyl selenide dichloride. The reaction 
takes place with evolution of heat and proceeds according to the 
equation Se 2 Cl 2 + (C 2 H 4 Cl) 2 Se—(C 2 H 4 Cl) 2 SeCl 2 +2Se. 

When p p' -dichlorodiethyl selenide is oxidised with nitric acid, 
the only product which has up to the present been isolated is 
pp'-dichlorodiethyl selenide dichloride (identified by its melting 
point and crystalline form), part of the selenide being destroyed. 
An attempt to prepare the oxide by the action of ethylene on 
selenium oxychloride resulted in the formation of selenium dioxide 
and pp'-dichlorodiethyl selenide dichloride, the selenium oxychloride 
reacting as an equimolecular mixture of selenium dioxide and 
selenium tetrachloride. 

pp '-Dibromodiethyl Selenide, (CH 2 Br*CH 2 ) 2 Se.—This compound 
is prepared by reduction of p p'-dibromodiethyl selenide dibromide 
by means of potassium metabisulphite under the conditions already 
described. It crystallises from ethyl alcohol in yellow needles, 
m. p. 44*2°, and is much more easily handled than the corresponding 
chloro-eompound (Found: Br, 53*5. C 4 H 8 Br 2 Se requires Br, 54*2%). 

It combines with chlorine in chloroform solution to give 
pp'- dibromodiethyl selenide dicMoride, (C 2 H 4 Br) 2 SeCl 2 , pale yellow 
prisms, m. p. 98—99°, from chloroform (Found: Cl+Br, 62*8. 
C 4 H s C!l 2 Br 2 Se requires Cl+Br, 63*0%). This compound has a 
greater solubility in organic solvents than the analogous com¬ 
pounds already mentioned. The same compound is precipitated 
by adding a concentrated solution of hydrochloric acid to a cold 
aqueous solution of pp'-dibromodiethyl selenide dibromide, but it 
has to be separated from some unchanged dibromide which is 
precipitated with it. As was expected, the melting point of the 

3 s* 
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product so obtained was somewhat low (96°), but, on reduction, 
it gave pp'-dibromodiethyl selenide identical with an authentic 
specimen. 

Addendum . 

The reaction between propylene and selenium tetrachloride has 
also been carried out. pp'-Dichlorodipropyl selenide dichloride, 
m. p. 76*5° (Boord and Cope, loc . eit., give 81°), was obtained in 
almost theoretical yield. It is conveniently purified by dissolving 
in cold water, in which it is readily soluble, and reprecipitating with 
hydrochloric acid (Found : Cl, 46*7; calc., Cl, 46*5%). When 
reduced with potassium metabisulphite under the usual conditions, 
it was converted into §£'-dichlorodipropyl selenide, which has not 
yet been obtained crystalline (Found : Cl, 30*1; calc.. Cl, 30*3%). 

Guy’s Hospital Medical School, 

London, S.E. I. [ Received , July I3f h , 1925.] 


CCLIV .—Reduction Products of the Hydroxyanihra - 
quinones. Part VI. 

By Arthur George Perkin and Gen Yoda. 

Haller and Perkin (J., 1924, 125, 239) showed that when 3 : 6'- 
dihydroxydianthranol (I), but curiously enough not the corre¬ 
sponding dianthrone, is oxidised with alkaline permanganate or, 
better, with femcyanide, a mixture of the helianthrone (HI) and 
naphthadianthrone (IV) is obtained. These compounds are also 
produced in minute amount by the glucose-alkali fusion of 2-hydr- 
oxyanthraquinone (Bradshaw and Perkin, J., 1922, 121, 913). 
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It appeared likely that the first product of the oxidation would 
be the dihydroxydianthraquinone (II) and it was actually found 
by Perkin and Haller (loc. cit.) that by the more gentle action of 
ferricyanide a product was obtained which seemed to consist of 
this substance in an impure condition. Experiment has now shown 
that this dihydroxydianthraquinone can be prepared in good yield 
by the action of iodine on a pyridine solution of tetra-acetyldi- 
hydroxydianthranol at about 80°, diaeetoxydianthrone remain¬ 
ing unchanged under these conditions. This substance, apparently 
the first hydroxydianthraquinone to be prepared, consists of pale 
yellow leaflets, blackens about 280°, and does not appear to have 
a definite melting point. Though two formulae are applicable to 
this compound, in which hydroxyls occupy either the 3 : 6'-* or 
3 : 3'-positions, it evidently consists in the main of a single sub¬ 
stance, because on oxidation with alkaline ferricyanide an excellent 
yield of the dihydroxyhelianthrone (III) is produced. On the 
other hand, whereas the melting point of the diacetyldianthra- 
quinone, after crystallisation from acetic anhydride, is 293—295°, 
and this can be raised by repeated fractionation from tetrachloro- 
ethane to about 314—316° without apparent alteration in the 
character of the substance, it is possible that a small amount of 
a second variety is also produced. The melting points given of 
the dibenzoyl compound, 301—302°, and the dimethyl ether, 
290—292°, vary to some extent with the rapidity of heating, but 
on the whole there is no definite evidence that the new dihydroxy¬ 
dianthraquinone consists of two isomerides. 3:3'-Dihydroxy- 
dianthraquinone (m. p. 293—295°) is easily reduced by zinc dust 
and ammonia to 3-hydroxyanthranol, but is unaffected by long 
treatment with sulphur dioxide in the presence of alcohol. By 
digestion with 3-hydroxyanthranol in boiling acetic acid solution 
3 : 3'-dihydroxydianthrone is slowly produced, whereas acetyl- 
dihydroxydianthraquinone with chromic acid in the same solvent 
gives 2-acetoxyanthraquinone. Dihydroxydianthraquinone is more 
quickly affected by light than the corresponding helianthrone ( loc . 
cit .), the pale yellow crystals rapidly becoming orange-coloured, 
evidently with production first of the latter compound; this change 
even occurs to some extent during crystallisation from much 
boiling acetone. Though the diaeetyl and dimethyl compounds 
are less sensitive in the solid condition to light than the correspond¬ 
ing dihydroxy-derivative, after 5 weeks' exposure to light that? 

* Experiments in progress render it uncertain as to whether the dihydroxy- 
dianthranol reacts in these cases as the 3 : G'-compound as was suggested 
(loc. cit.), but as the work is incomplete such formulae are still employed for 
the present. ' ... • . : >-r 
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solutions in benzene bad deposited diacetoxynaphthadiantbrone 
and dimetboxynaphtbadianthrone containing a Uttle dimethoxy- 
helianthrone, respectively. It is thus evident that in these circum¬ 
stances the helianthrone formation precedes that of tbe naphtha- 
dianthrone. 

Experimental. 


Tetra-acetyldihydroxydianthranol (0-5 g.) dissolved in pyridine 
(5 c.c.) was treated with a solution of iodine (0*5 g.) in pyridine 
(5 c.c.) and kept at 80° for H hours. Tbe reddish-brown liquid was 
poured into a freshly-acidified solution of sodium bisulphite, and 
the greenish-yellow precipitate collected and dried. On digestion 
with boiling acetic anhydride and pyridine for about J- minute, 
crystals separated and when cold these were collected and re¬ 
crystallised from much acetic anhydride. The acetyl compound 
thus produced became greenish-black at about 280°, melted at 
293—295° (A), and was unaltered by further recrystallisation from 
the same solvent. On the other hand, by repeated crystallisation 
from tetraehloroethane or a mix ture of this with acetic anhydride, 
the melting point rose to 314—316° (B) [Bound: (A) C, 76*7; 
H, 4-2. (B) 0, 76-6; H, 4*0; CH 3 -C0 2 H, 23*9. C^H^Oe requires 
C, 78*8; H, 4*0; CH 3 *C0 2 H, 24*0%]. 

Owing to its sparing solubility in alcohol, the substance for the 
acetyl determination was dissolved in cold sulphuric acid over- 
night; the solution was then diluted with alcohol and treated in 


the usual maimer. 3 : 6V Diacetoocydianthraquinone forms small, 
pale yellow crystals sparingly soluble in the usual solvents, the 
solutions when hot possessing a green colour which fades on cool¬ 
ing ; this property, also possessed by 3: 6'-dihydroxydianthra- 
quinone, appears to be characteristic of dianthraquinone deriv¬ 
atives. When diacetoxydianthraquinone (0*5 g.) in benzene (200 
c.c.) was exposed to light for 5 weeks, it yielded an orange-brown, 
crystalline deposit (0*37 g.). This, on recrystallisation from nitro¬ 
benzene with the aid of animal charcoal, yielded pale yellow needles, 
melting above 350° and soluble in sulphuric acid with a red 


coloration, consisting evidently of diacetoxynaphthadiantbrone 
(Found: C, 77*2; H, 3*4. C 32 H z6 0 6 requires C, 77*4; H, 3*3%). 

As diacetoxydianthraquinone could not be satisfactorily hydrolysed 
with mineral acids, its* suspension (1 g.) in boiling alcohol (25 c.c.) 
was treated with 10% caustic soda solution until all had dissolved. 


The solution was diluted with boiling water (25 c.c.) and immedi¬ 
ately neutralised with hydrochloric acid; * pale yellow leaflets 


* This operation must be carried out rapidly, otherwise discoloration is 
liable to occur. 
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then commenced to separate. After dilution with hot water 
(25 c.c.) and cooling, the crystals (yield 96% of theoretical) were 
collected and washed with a little acetone, which removed a trace 
of a red impurity (Pound : C, 80-8; H, 4*0. C 28 H 16 0 4 requires 
C, 80*8; H, 3*8%). 

Dihydroxydianthraquinone crystallises from pyridine and water 
in pale yellow plates which become black at about 280° and scarcely 
have a definite melting point. It is sparingly soluble in the 
usual solvents, but dissolves in alkalis with an orange-yellow 
colour which is fairly permanent in air. With sulphuric acid it 
gives a maroon-coloured liquid quickly passing to brownish-black 
and from this, after keeping, water precipitates a brown-black 
precipitate soluble in alkali with a similar colour. This is reduced 
by sodium hyposulphite to an orange-yellow liquid which quickly 
oxidises in air. The boiling ammoniacal solution is quickly decolor¬ 
ised by zinc dust, and on acidification deposits crystals, which give 
an acetyl compound, m. p. 158—159°, identical with 3-acetoxy- 
anthranol. A solution of dihydroxyanthraquinone (0*2 g.) in 
absolute alcohol (160 c.c.) rapidly became orange-coloured in sun¬ 
light and after 6 weeks’ exposure had deposited 0*1675 g. of crystals. 
These, after acetylation and fractional crystallisation of the pro¬ 
duct, gave 0*1 g. of diacetoxynaphthadianthrone, m. p. above 350°, 
and a little diacetoxyhelianthrone, m. p. 275—279°. 

Dihydroxydianthraquinone is best kept in the dark, as the 
crystals become orange-coloured in a few hours, owing evidently 
to the action of light. Dihydroxydianthraquinone (1 g.) in water 
(25 c.c.) was dissolved by addition of 10% sodium hydroxide solution 
(3 c.c.), and 20% potassium ferricyanide (9 c.c.) slowly added in 
the cold. After 15 minutes, the mixture was acidified and the red 
precipitate collected (1*03 g.). This, after acetylation and re- 
crystallisation of the product from benzene, gave 0*97 g. of diacet¬ 
oxyhelianthrone, m. p. 277—279° (Found: C, 76*75; H, 3*6. 
Calc., 0, 77*1; H, 3*6%). 

Dibenzoyldihydroxydianthmquinone was obtained by heating 
dihydroxydianthraquinone (0*5 g.), benzoic anhydride (5 g.), and 
a trace of pyridine at 210° for 2 hours. Addition of alcohol to 
the partly cooled liquid caused the deposition of crystals, which 
were washed with an alcoholic solution of benzoic anhydride and 
finally with alcohol. The product was dissolved in much boiling 
benzene, the solution filtered and evaporated, when small, yellow 
plates separated, which darkened at 295° and melted at 301—302° 
to a green liquid (Found: C, 80*4; H, 3*8. requires 

C, 80-7; H, 3-8%). 

Dimetboxydianthraquinone was prepared by treating the dihydr- 



1888 REDUCTION PRODUCTS OP THE HYDROXY ANTHRAQUIXONES. 


oxy-compound (1 g.) in methyl alcohol (30 c.c.) with equivalent 
amounts of methyl sulphate and methyl-alcoholic potash, until 
no colour change occurred on the addition of the latter. After 
dilution with hot water the crystals (0*85 g.) were collected, washed 
with cold alcohol, and dissolved in pyridine; the green solution was 
treated with a little sodium hydroxide, and hot water cautiously 
added* The crystals were collected and the latter operation, which 
has for its object the removal of a trace of incompletely methylated 
substance, was repeated. By recrystallisation from pyridine, the 
dimethoxy-denrakiYe was obtained in small, rectangular, yellow 
plates which became green at about 270° and melted at 297—299°. 
On exposure to light it soon develops an orange colour (Found : 
C, 814; H, 45; CH S , 6*7. requires 0,81*1; H, 4-5; CH 3 , 

6*75%). 

When dimethoxydianthraquinone (1 g.) is dissolved in the 
necessary amount of boiling acetone in daylight (1300 c.c. approx.), 
and the solution evaporated to a small bulk, alteration occurs 
even during this short period and the crystalline deposit can be 
separated by fractionation from pyridine into (a) dimethoxy- 
dianthraquinone, m. p. 297—299°, and (b) a very sparingly soluble, 
orange compound (A), which did not melt at 320° dissolves in 
sulphuric acid with a red coloration and is probably dimethoxy- 
naphthadianthrone. Again, a solution of dimethoxydianthra¬ 
quinone (0*3 g.) in benzene (100 c.c.) on exposure to light became 
orange-coloured in about 30 minutes, and commenced to deposit 
an orange powder. This (0*128 g.), by crystallisation from nitro¬ 
benzene, was obtained in microscopic needles, which had not 
melted at 340° and were soluble in sulphuric acid with a red color¬ 
ation. An analysis of the small amount of this compound available 
was unsatisfactory, but there can be little doubt that this and 
the compound A referred to above, which closely resembled it, 
consist of dimethoxynaphthadianihrone . The benzene filtrate on 
evaporation to dryness gave a dark-coloured residue which after 
solution in hot alcohol yielded yellow crystals; these, after puri¬ 
fication, were soluble in sulphuric acid with a violet coloration and 
had the properties of dimethoxyhelianthrone. 

CUOTHWOREERS RESEARCH LABORATORY, 

The Uniybrsity, Leeds. [Received, June 11 th, 1925.] 
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CCLV .—A Wandering of the Acetyl Group during 

M ethylation. 

By Onro Kubota and Arthur George Perkin. 

Oesch and Perkin (P., 1914, 30, 213) submitted monoacetyl- 
alizarin (J., 1899, 75, 433) to the action of diazomethane and 
after hydrolysis isolated from the product a small amount of aliz¬ 
arin 1-methyl ether (1) identical with that obtained from Chay 
root (J,, 1893, 64, 1160; 1907, 91, 2068). Reinvestigation has 
now shown that, although the 1-methyl ether is always produced 
in this way, the main product is the 2-methyl ether. Careful 
examination of the monoacetylalizarin employed in these experi¬ 
ments indicated it to be a single substance, and indeed were this 
not the case it would be more likely to consist of a mixture of mono- 
and di-acetylalizarins than of the 1- and 2-acetyl derivatives.* 
The formation of alizarin 2-methyl ether in these experiments 
shows that whereas a small portion of the 2-acetylalizarin reacts 
normally with diazomethane, the acetyl group must wander from 
the 2- to the 1-position at some stage of the process, and the methyl 
then enters its place to give 2-methoxy-l-acetoxyanthraquinone; 
the yield of this is about 80% of the theoretical. 

2: 3-Diacetylanthragallol again, which can be readily obtained 
by the partial acetylation of anthragallol, on treatment with 
diazomethane gives as the main product a diacetylanthragallol 
monomethyl ether which evidently contains the methoxy-group 
in the 2-position, because the free substance (II), which crystallises 
in yellow needles, is soluble in dilute alkali with a red coloration 
similar to that given by purpuroxanthin. The more soluble frac¬ 
tion of the reaction product when hydrolysed gave a mixture from 
which, by means of the sparing solubility of its ammonium salt, 
the isomeric ether was isolated. This crystallises in orange-red 
needles, dissolves in alkali with a deep blue colour, and dyes 
mordanted calico shades of the alizarin type. It must therefore 
contain adjacent hydroxyls and is clearly anthragallol 1-methyl 
ether (III) (I-methoxyhystazarin), for if it were anthragallol 
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* It is well known that in the anthraqninone series the 2-hydroxyl group 
is more readily acetylated than the 1-hydroxyl group (compare Dimxoth, 
Friedemann, and E&mmerer, Ber., 1920, 53, 481), V • f'Y 
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3-methyl ether (3-methoxyalizarin) its formation would necessitate 
the respective wandering of the 2- and 3-acetyl groups into the 
1- and 2-positions, or of the 3-acetyl group into the 1-position. 
It is unfortunate that a monoacetylanthragallol has not yet been 
obtained, for the action of diazomethane thereon should yield one 
or other of the anthragallol dimethyl ethers referred to above. 

In a third series of experiments, tetra-acetylquercetin was em¬ 
ployed, a substance which has been prepared by the action of 
acetic anhydride and sodium acetate on quercetin in the cold. 
This substance was originally thought {loc. cit.) to be the triacetyl 
derivative, but as a result of the present experiments only 3:7:3': 4'- 
tetra-aeetylquercetin could be obtained. This acetyl derivative 
required more drastic treatment with diazomethane than was 
necessary in the case of the hydroxyanthraquinones, and in the 
product only one tetra-acetylquercetin monomethyl ether could 
be detected. The almost colourless, sparingly soluble quercetin 
monomethyl ether obtained by hydrolysis closely resembled, but 
is not identical with, the quercetin monomethyl ether, rhamnetin, 
previously studied (J., 1902, 81, 469). By decomposition with 
alcoholic potash, it yielded phloroglucinol monomethyl ether, 
identified as its benzeneazo-compound, and there can be no doubt 
that this new quercetin methyl ether contains the methoxy-group 
in the 5-position adjacent to the carbonyl group (IV). 

0 OH 

(iv.); 

MeO CO 

A wandering of the acetyl group does not occur in these 
circumstances. Interesting is the fact that this 5-methyl ether yields 
with alcoholic potassium acetate the salt C 16 H n 0 7 K, for, as quercetin 
gives a similar compound, it seems clear that the reactive hydroxyl, 
the position of which has not yet been determined with certainty, 
cannot be that situated in the 5-position. The wandering of an 
acetyl group has been observed by Wislicenus and Korner (Bar., 
1901, 84, 218) in the case of the o-acetyl derivative of ethyl aceto- 
aeetate (compare also Claisen and Haase, Her., 1900,33, 3778), and 
numerous instances are known of its migration from hydroxyl to 
the amino-group (Auwers, Amalen } 1901, 332, 159, etc.; Raiford 
and Couture, J\ Amer. Chem . Soc., 1922, 44, 1792). Very interest¬ 
ing, again, is the work of Fischer, Bergmann, and Lipschitz (Ber., 
1918, 51, 45), who showed that 3 : 4:5: 3': 5'-penta-acetyl(para)- 
digapic acid, when hydrolysed, yields the 3 :4: 5: 3': 4'-penta- 
hydroxy-m-digalhc acid, a wandering of the galloyl nucleus from 
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the p- to the m-position occurring. Again, 3 : 5-diacetyl-4-benzoyl- 
gallic acid on hydrolysis in a similar manner yields not the p- but 
the m-benzoyl derivative, and a similar change has been observed 
in the case of 3-acetyl-4*benzoylprotocatechuie acid. Herzig and 
Tichatschek {. Ber 1908, 39, 268, 1557) have shown that under 
the influence of diazomethane the acetyl group in triacetylpyro- 
gallol is partly replaced by methyl, whereas acetylphloroglucinol 
diethyl ether gives phloroglucinol methyl diethyl ether * in the same 
circumstances. 

p-Acetoxybenzoie and m-hydroxybenzoic acids are mainly con¬ 
verted by diazomethane into the corresponding methoxybenzoic 
acids. The results of this investigation, however, differ f from the 
cases just mentioned in that the wandering of the acetyl group 
occurs during methylation itself, and though it was scarcely neces¬ 
sary to do so, this has been proved by an examination of the reaction 
products of each experiment. It is well known in the case of 
substances such, for instance, as (3-resorcylie acid (J., 1895, 67, 
990), luteolin (J., 1900, 77, 1316), and quercetin (J., 1913, 103, 
1632), all of which contain meta-hydroxyl, that on methylation 
with methyl iodide the methyl group in part, rather than substi¬ 
tute the hydrogen of the hydroxyl next to the carbonyl group, 
actually enters the ring. In the cases of 2-acetylalizarin and of 
2 : 3-diacetylanthragallol, this cannot occur, and with 3:7:5': 4'- 
tetra-acetylquercetin this would appear to be prevented by the 
presence of the 3-acetyl group. 

This curious interchange of methyl and acetyl is without doubt 
connected with the peculiar property of the hydroxyl adjacent to 
the carbonyl group,£ and it has been suggested that this may be 
due to the existence of the ortho-quinonoid arrangement (V) (loc. 
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cit.), Dimroth and Faust (Ber., 1921, 54, 3020) presume that 
there is an unstable valency between the ketonic oxygen and the 

* Experiment has shown that diacetylalizarin is not affected by treat¬ 
ment with diazomethane. 

f On the other hand, when 2-acetylalizarin 1-methyl ether is hydrolysed 
with alcoholic ammonia or with hydrochloric acid the resulting free ether, 
which when pure is yellow, is always contaminated with a trace of red 
impurity which may be removed with baryta water. Although a wandering 
of the methyl group with formation of alizarin 2-methyl ether may be 
suspected, this is as yet uncertain. v \ 

| Or, as the result of the work of Fischer (loc. cit.), of that in the para- 
position thereto. 
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hydrogen of the 1-hydroxyl group, a view also taken by Sidgwick 
and Callow (J., 1924, 125, 527), who suppose that a six-membered 
chelate ring (VI) exists in compounds of this type. 

A grouping of this kind evidently does not exist, or is much 
weakened, when an acyl or an alkyl group is substituted for the 
hydrogen of the 1-hydroxyl group, since such substances possess 
the pale yellow colour characteristic of anthraquinone itself, and 
if this chelate ring is present, the ease or otherwise with which 
this substitution takes place will depend upon the readiness with 
which this linking is broken or weakened. It is very difficult to 
compare the relative facility with which the processes of acetyl¬ 
ation and methylation occur, but acetylation of the hydroxyl in 
the 1-position in the presence of a catalyst takes place so readily 
that it may be assumed to occur with more facility than the process 
of methylation. Even if this is so, it is difficult to understand 
why the acetyl group, which, similarly to the methyl group, 
favours the 2-position, should wander to the 1-position in the 
circumstances mentioned above, unless indeed 1-acetylalizarin 
2-methyl ether is a more stable substance than 2-acetylalizarin 
1-methyl ether.* Experiments to determine whether a conversion 
of the latter into the former can be effected are in progress, and 
the behaviour of other acyl groups in similar circumstances is also 
being studied. 

Experimental. 

Monoaceiylalimrin .—A mixture of commercial alizarin (5 g.), 
potassium acetate (2-5 g.), and acetic anhydride (25 c.c,) is kept 
for 24 hours, and then diluted with alcohol. The product, collected 
after I hour and recrystallised repeatedly from alcohol-acetic 
acid, separates in golden-yellow needles, m. p. 204—206° (Found : 
CH$*CO a H, 21*0. Calc.* 21*3%). 

Methylation . Monoacetylalizarin (2 g.) suspended in purified 
ether (50 c.c.) was mixed with diazomethane from nitrosomethyl- 
urethrane (12 c.c.) in ether (200 c.c.). After 5 days, the crystals were 
collected (1*8 g.) and the mother-liquor was evaporated to dryness; 
the viscid residue, on digestion with methyl alcohol, deposited a 
further 0*16 g. of aeetylalizarin monomethyl ether (Found: 
CH 3 *C0 2 H, 20*3. Ci 7 H 12 0 5 requires CH 3 *C0 2 H, 20*2%). After 
hydrolysis with hydrochloric acid in the presence of acetic acid, 
the product, which sintered at 170° and melted at 217°, gave, after 
two or three recrystallisations from alcohol, orange-red needles, 

* That the methyl of alizarin 1-methyl ether is loosely held, is evident 
from the fact that in presence of boiling baryta water, gradual hydrolysis 
occurs, with formation of barium alizarate. 
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m. p. 229—230° (Found: C, 70*8; H, 4*05. O 15 H 10 O 4 requires 
0, 70*9; H, 3*9%). 

The acetyl derivative, obtained in yellow needles, melted at 
204—206° and there could be no doubt that this, the main product 
of the reaction, is alizarin 2-monomethyl ether. 

The alcoholic filtrate from this substance was evaporated to 
dryness, the residue dissolved in hot alcohol, and, after the addition 
of a little ammonia, baryta water was added drop by drop so long 
as a precipitate, consisting mainly of barium alizarate 2-methyl 
ether, was formed. This was removed, and on acidifying the bright 
red filtrate fine, hair-like needles (0*18 g.) separated.* This sub¬ 
stance, which became opaque at 100° with loss of water of crystallis¬ 
ation, a characteristic property of alizarin 1-methyl ether, was 
purified by conversion into the ammonium salt (loc. cit.) and re¬ 
crystallisation from benzene, from which it separated in pale 
yellow needles, m. p. 179—181° (Found : C, 70*9; H, 4*0. Calc., 
C, 70*9; H, 3*9%). 

Since the acetyl derivative melted at 210—212°, there can be 
no doubt that this substance was identical with the alizarin 1-methyl 
ether of Chay root. By fractionally crystallising the diazomethane 
reaction product of 2-acetylalizarin (2 g.) from a mixture of alcohol 
and acetic acid, 2-acetylalizarin 1-methyl ether could be isolated 
in the pure condition (0*3 g. approx.). 

Diacetylanthragallol .—A mixture of anthragallol (5 g.), acetic 
acid (15 c.c.), and acetic anhydride (7 c.c.) was treated in the cold 
with pyridine (2 c.c.) and kept for about 18 hours. The yellow, 
crystalline precipitate (5*79 g.) (filtrate A) gave on recrystallisation 
from acetone 4*3 g. of long, thin plates, m. p. 223—224° (Found: 

74*4. C lg H12^7 ^©quirBS C 14 H 8 05, 75*3%). 

The filtrate A contained some triacetylanthragallol, which was 
isolated in a slightly impure condition, m. p. 175—180° (Found: 
C 14 H 8 0 6 , 66*9. C^H^Og requires C 14 H 8 0 5 , 67*02%). 

Methylation , Diacetylanthragallol (2 g.), in ether (50 c.c.) cooled 
by ice, was treated with diazomethane from nitrosomethylurethrane 
(8 c.c.) in ether (250 c.c.), and the mixture kept for 2 days. The 
crystalline suspension (1 g.), after being washed with ether, melted at 
145—152°. The filtrate, washed with a little 1% sodium hydroxide 
solution and partially evaporated, gave 0*75 g. of crystals (filtrate A). 
By recrystallisation from acetone, large, yellow, prismatic needles 
were obtained, m. p. 152—154 p (Found : C, 64*55 ; H, 4-15 ; CH e , 
4*3. C 10 H 1 4O 7 requires C, 64*4; H, 3*95; CH 3 , 4*23%). 

Hydrolysis with hydrochloric acid in acetic acid solution gave 


* In a second experiment 4 g. 
alizarin 1-methyl ether. 


of monoacetylalizarin gave 0*32 g. of 
3 8** 2 
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78*5% of a yellow, crystalline precipitate which separated from 
much benzene as a spongy mass of microscopic needles, m. p. 
218—220° (Found : C, 66*9; H, 3-7; CH 3 , 5*55%). 

This substance dissolves in dilute alkali with a scarlet colour 
and is evidently anihragallol 2-monomethyl ether , since the alkali 
solutions of anthragallol 1- and 3-methyl ethers have a blue or 
bluish-violet tint. The filtrate A was evaporated to dryness and 
the residue dissolved in hot alcohol mix ed with a few drops of 
ammonia. On keeping, violet-black crystals of an ammonium salt 
separated which, on drying at 100°, evolved ammonia, yielding 
an orange-red mass. By recrystallisation from alcohol, this 
gave red needles (0*3 g.), m. p. 239—241° (Found: C, 66*6; 
H, 3*9; CH 3 , 5*6. C 15 H 10 O 5 requires G, 66*7; H, 3*7; CH 3 , 
5*55%). 

It dissolves in dilute alkalis with a deep blue colour and dyes 
mordanted wool the following alizarin-like shades: chromium , 
violet-maroon; aluminium , pale maroon; tin > orange-red; iron, 
dead black. The diacetyl derivative, obtained as fine, flat, yellow 
needles, melted at 203—205° (Found : C, 64*5; H, 4*2. C 19 H 15 0 7 
requires C, 64*4; H, 3*95%). 

For reasons given in the introduction, this compound is evidently 
anihragallol 1-methyl ether . 

Tetra-acetylquercetin. —A mixture of monopotassium quercetin 
(10 g.) and acetic anhydride (100 g.) was kept for 2 hours. The 
semi-solid mass was mixed with alcohol; the crystals were then col¬ 
lected and recrystallised from alcohol-acetic acid until the melting 
point of the colourless, silky needles was constant at 188—190° 
(Found : G f6 H 10 O 7 , 64*4. requires C 15 H 10 O 7 , 64*25%). 

Methylation . Tetra-acetylquercetin suspended in ether was very 
little attacked by diazomethane and after keeping for 2 days con¬ 
tained only 1*08% of methyl. Better results were obtained by 
treating the substance (2 g.), dissolved in tetrachloroethane (10 c.c.), 
with the diazomethane from nitrosomethylurethane (8 c.c.) in 
ether (125 c.c.). After 4 days, the crystalline deposit (1*7 g.) was 
collected, and from the filtrate, by removal of the ether by evapor¬ 
ation and the tetrachloroethane by distilling with steam, a colour¬ 
less, viscid product was isolated from which, by solution in hot 
alcohol and keeping, a second crop of crystals was obtained. The 
product was hydrolysed with hydrochloric acid in the usual manner 
and the precipitate, which consisted largely of an oxonium salt, 
was repeatedly wasted with water to decompose the latter. The 
product was then dissolved in much alcohol, the solution con¬ 
centrated until crystallisation commenced, and the operation 
repeated. The quercetin monomethyl ether separated in prismatic 



THE ACETYL GROUP DURING ETHYLATION. 1895 

needles, m. p. 305—308° (Found: C, 60-65; H, 4-2; CH 3 , 4-2. 
C 16 Hi 2 0 7 requires 0, 60-75; H, 3-8; CH S , 4-6%). 

This methyl ether closely resembles rhamnetin (loc. cit.) as regards 
its sparing solubility in solvents, but, on the other hand, it is almost 
colourless, whereas rhamnetin is yellow. Dilute alkalis dissolve 
it with an orange coloration and on hydrolysing its acetyl deriv¬ 
ative with mineral acids, orange-red oxonium salts can be obtained 
which crystallise in needles. 

The tetra-acetyl derivative crystallises from acetone in minute, 
colourless needles which sinter at 199° and melt at 202—204° 
(Found : C, 59-5; H, 4*2. C 24 H 20 O n requires C, 59-5; H, 4-1%). 

Only by very slow deposition from a mixture of acetic anhydride 
and alcohol can the acetyl derivative be obtained in fair-sized, 
prismatic needles, whereas acetylrhamnetin crystallises readily in 
long needles, m. p. 191—193°. When the acetyl compound was 
digested with boding alcoholic potassium acetate, lemon-yellow 
needles of the monopotassium salt were gradually deposited, and 
these were washed with alcohol (Found: K, 11*1. C 16 H u 0 7 KL 
requires K, 11*0%). 

This potassium salt dissolves in boiling water to form a pale 
yellow solution, from which on rapid cooling it separates unchanged. 
On longer digestion, however, some hydrolysis occurs with deposition 
of the quercetin methyl ether, though it is more resistant to hydrolysis 
than monopotassium quercetin itself. 

The hydrolysis of the quercetin monomethyl ether was effected 
by heating with methyl-alcoholic potash at 180° for 3 hours. The 
product freed from alcohol was dissolved in water, and the solution 
acidified, filtered, and extracted with ether; the syrupy residue 
obtained by evaporation was then dissolved in sodium bicarbonate 
solution, and again extracted with ether. The viscid product thus 
isolated gave with diazobenzene in presence of sodium carbonate 
a dull red precipitate, which was dried, extracted with boiling 
alcohol to remove resin, and then crystallised from alcohol-acetic 
acid. The glistening, orange-red crystals, m. p. 253—255°,* 
evidently consisted of benzeneazophloroglucinol monomethyl ether. 
In a second experiment air was aspirated through a dilute alkaline 
solution of the quercetin methyl ether and, from the brown liquid, 
phloroglucinol monomethyl ether could again be isolated in the 
form of its benzene azo-compound. 

For reasons given in the introduction, this quercetin monomethyl 
ether must contain the methoxy-group in the position 5, adjacent 
to the carbonyl group (IV). The methylation of this hydroxyl 

* The m. p. 250—252° previously given for this compound (loc* tit.) is 
slightly too low. ■ ■ \ \ .../'W/ 
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group has no influence on the tinctorial property of quercetin, as 
dyeing experiments employing mordanted woollen cloth show: 
chromium , red-brown; aluminium , orange-yellow; tin, bright 
orange; iron 9 olive-black. 

These shades were identical with those given by a sample of 
quercetin dyed at the same time (J., 1902, 81,473) and as quercetin 
and rhamnetin dye alike (Perkin and Allison) there can be no 
doubt that the phloroglucinol hydroxyl groups of quercetin do not 
affect its tinctorial property. 

Clothworkebs 1 Research: Laboratory, 

The University, Leeds, [Received, June 17th, 1925.] 


CCLVI .—Hydrogen and Oxygen Electrode Titrations of 
Some Dibasic Acids and of Dextrose. 

By Hubert Thomas Stanley Britton. 

Apart from the recent work of Auerbach and Smolczyk (Z. 'physikal. 
Chem ,, 1924, 110, 83), the study of the ionisation of dibasic acids 
has been confined to solutions containing (a) the free acids and (b) 
the acid salts only, instead of to solutions which are typical of the 
whole courses of neutralisation. Hildebrand ( J . Amer. Chem , 
Soc. 3 1913, 35, 847) obtained several titration curves with the 
hydrogen electrode, but as he used fairly concentrated solutions and 
appears to have aimed at an accuracy in his EM.F. measurements 
of about a centivolt, his curves are useless for the purpose of calcu¬ 
lating dissociation constants. 

Auerbach and Smolczyk used the quinhydrone electrode in their 
titrations and derived formulae by which the dissociation constants 
could be calculated from their data. Although their equations are 
based on the assumption that the salts formed in dilute solutions 
may be taken as being completely dissociated, they used N /10-acid 
and ^/8-alkali solutions. The amounts of alkali used in their titra¬ 
tions were very small, being as a rule only 8 c.c. It is remarkable 
that such fundamental titrations should have been carried out 
with an electrode other than the hydrogen electrode. Some time 
before the appearance of Auerbach and Smolczyk’s paper, the author 
had used the hydrogen electrode to titrate solutions of acids which 
were more dilute and required much larger volumes of alkali. Those 
titrations had been made for the purpose of comparing them with 
those given by oxygen electrodes; as the accuracy of the voltages 
: obtained with the hydrogen electrode was of the order of a milli¬ 
volt, it was considered that the curves would furnish an excellent 
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method of testing the applicability of the formulae of Auerbach and 
Smolczyk. 

The titration of dextrose has been included in this communi¬ 
cation as it is of importance in connexion with some work to be 
published later. 

Experimental. 

Part I. The Hydrogen Electrode. 

The problem of preparing, hydrogen electrodes which are imme¬ 
diately sensitive to changes in hydrogen-ion concentration has 
been one of some difficulty, and this appears to have been the 
experience of previous experimenters. Thus Bottger (Z. physikal. 
Chem ., 1897, 24, 251), who first used the hydrogen electrode for 
titration work, failed to obtain good results with platinised platinum 
and resorted to gold electrodes coated with palladium black. 
Andrews (J. Biol. Chem., 1924, 50, 479) has, however, found 
palladium black on platinum to be less trustworthy than platinum 
black. Treadwell and Weiss ( Helv. Chim. Ada, 1920, 2, 433) 
stated that the ordinary platinum electrode required too much time 
to come to equilibrium to be of use in titrations, and they also 
preferred palladinised gold. 

For ordinary purposes, there is no doubt that the hydrogen 
electrode when made of platinised platinum does attain, if given 
sufficient time, true equilibrium, independent of the depth of the 
platinum black layer. Platinum foil electrodes having a thiok 
coating of platinum black require, in general, an appreciable time 
before the true E.M.F'% are attained, and are therefore unservice¬ 
able for titrations. The efficient electrodes which have been 
prepared have invariably been made of highly polished platinum 
foil covered with thin deposits of platinum black such as may be 
deposited from the usual platinising solution in 5 minutes, the 
current being reversed every half-minute and a vigorous evolution 
of gas maintained. Half a dozen electrodes were prepared at a 
time from which were chosen two electrodes which gave the same 
E.M.F. within a millivolt throughout the entire titration* These 
two electrodes were used together and the results were taken as 
accurate if they showed the same E.M.F . immediately the current 
of hydrogen was stopped. Other efficient electrodes were always 
kept in readiness in case one suddenly became erratic or sluggish, 
which was especially apt to occur when the electrode was being 
subjected to a rapid change in hydrion concentration. 

The electrodes were of the Hildebrand pattern (he. tit.) and the 
titrations were performed in the way described previously 
125, 1576). The results obtained are given in th© first two 
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columnsof Tables I—V, the P.D.’s being recorded to the nearest 
millivolt. 

Table I. 

Titration of 100 c.c. of 0-0255JJf-Oxalic Acid with OTOOA-NaOH 

at 18°. 



E.M.F. 


Cone, of 


against 


free 

C.c. of 

^-calomel. 


h 2 c 2 o 4 

NaOB. 

-Volt. 

Ph* 

X 10 2 . 

0 

0*378 

1*65 

2*55 

2*5 

0*382 

1*72 

2*15 

5-0 

0*385 

1*75 

1*99 

7*5 

0*389 

1*84 

1*67 

10*0 

0*393 

1*91 

1*41 

12*5 

0*397 

1*98 

1*16 

15*0 

0*403 

2*08 

0*91 

17*6 

0*409 

2*18 

0*67 

20*0 

0*418 

2*34 

0*46 

.22*0 

0*429 

2*53 

0*29 

23*5 

0*437 

2*67 

0*16 

24*5 

0*444 

2*79 

0*08 

25*1 

0*446 

2*83 

0*03 

26*0 

0*453 

2*95 


27*0 

0*457 

3*02 


28*0 

0*460 

3*07 


30*0 

0*474 

3*31 


32*5 

0*484 

3*48 


35*0 

0*493 

3*64 


37*5 

0*502 

3*80 


40*0 

0*511 

3*95 


42*5 

0*524 

4*18 


45*0 

0*537 

4*40 


47*0 

0*547 

4*58 


49*0 

0*568 

4*94 


500 

0*593 

5* 37 


50*5 

0*622 

5*88 


510 

0*745 

8*00 


52*0 

0*894 

10*59 


52*5 

0*913 

10*91 


55*0 

0*942 

11*42 


57*0 

0*956 

11*66 


60*0 

0*970 

11*91 



[H 2 C 2 0 4 ] 

(undis- 


a. 

soeiated) 
X 10 s . 

[HC 2 0 4 '] 

X 10 s . 

K v 

0*89 

2*90 

2*26 

0*19 

0*90 

2*15 

2*18 

0*19 

0*88 

2*49 

2*23 

0*17 

0*87 

2*14 

2*15 

0*15 

0*88 

1*69 

2*15 

0*16 

0*92 

0*92 

2*17 

0*25 

0*91 

0*82 

2*13 

0*22 

0*98 

013 

2*15 

1*32 

1*00 

— 

— 

— 

1*03 

— 

— 

— * 

1*32 

— 

• — 

— 

2*02 

— • 

— 

— 

4*68 

. — 

— 

— 

Na 2 C 2 0 4 . NaHC 2 0 4 . K, 

5 X 10*. 


0*5 

25*0 

0*23 


1*5 

24*0 

0*60 


2*5 

23*0 

0*93 


4*5 

21*0 

1*05 


7*0 

18*5 

1*25 


9*5 

16*0 

1*36 


12*0 

13*5 

1*43 


14*5 

11*0 

1*48 


17*0 

8*5 

1*33 


19*5 

6*0 

1*20 


21*5 

4*0 

1*43 


23*5 

2*0 

1*35 


24*5 

1*0 

1*04 


25*0 

0*5 

0*67 


The third column of each table gives the calculated by means 
of the Nemst formula. The figures in the remaining columns of 
the first four tables were obtained on the assumption that the alkali 
{up to the first equivalent) reacted only with the hydrions arising 
from the first stage of ionisation and that thereafter it reacted (to 
the second equivalent) with those from the second dissociation. 
This assumption, of course, is only justifiable when E 1 is much 
greats than but the figures so obtained do give some idea of 

tibe.-.-oaaesi where the ratio of K x 
to K 2 is small, The fourth columns relating to the first halves 



TITRATION'S OF SOME DIBASIC ACIDS AND OF DEXTROSE. 1809 


Table II. 

Titration of 100 c.c. of 0*0250.M-Tartaric Acid with 0-1Q0 N-NaOH 

at 18°. 



EM.F. 


Cone, of free 






against 


tartaric 





C.c. of 

N-calomel 


acid 

[H a T] 

[HT'l 


NaOH. 

—Volt. 

Ph* 

X 10®. 

a. x 10 s . 

X 10®. 

X 10*. 

0 

0*415 

2*29 

25*0 

0*206 

19*9 

— 

1*34 

2*5 

0*423 

2*43 

22*0 

0*170 

18-3 

6*18 

1*27 

5.0 

0*430 

2*55 

19-0 

0*149 

16*2 

7*60 

1*33 

7*5 

0*437 

2*67 

16*3 

0*132 

14*1 

9*29 

1*41 

10*0 

0*444 

2*79 

13-6 

0*119 

12*0 

10-7 

1*45 

12*5 

0*450 

2-89 

11*1 

0*115 

9*8 

13*4 

1*61 ’ 

15*0 

0*457 

3*02 

8-70 

0*111 

7*7 

14*0 

1*75 

17*5 

0*463 

3*12 

6*38 

0*119 

5*6 

15*7 

2*11 

20*0 

0*470 

3*24 

4*17 

0*138 

3*6 

17*2 

2-76 

21*25 

0*473 

3-29 

3*09 

0*164 

— 

— 

— 

22*5 

0*477 

3*36 

2*04 

0*213 

— 

— 

— 

23*75 

0*480 

3-41 

1*01 

0*382 

— 

— 

-7— 

25*0 

0*4835 

3*474 

— 

— 

— 

— 

' - 





3STa 2 T. 

NaHT. K, 

5 X 10*. 

27*5 

0*490 

3-59 


2-5 


22-5 

2*87 

30*0 

0*496 

3*69 


5-0 


200 

5*08 

32*5 

0*506 

3*87 


7-5 


17*5 

5*85 

35*0 

0*514 

4*00 


10*0 


15-0 

6*02 

37*5 

0*523 

4*16 


12-5 


12*5 

6-92 

40*0 

0*529 

4*26 


15*0 


10*0 

8*19 

42*55 

0*540 

4*45 


17*55 


7*45 

8*30 

45*0 

0*551 

4*64 


20*0 


5-0 

9*08 

40*25 

0*559 

4*78 


21-25 


3*75 

9*35 

47*5 

0*571 

4*99 


22-5 


2*5 

9*19 

48*5 

0*587 

5-27 


23-5 


1*5 

8*43 

49*0 

0-604 

5*56 


24-0 


1*0 

6*56 

49*25 

0*616 

5-77 


24*25 


0*75 

5-48 

49*5 

0*637 

6-14 


24-5 


0*5 

3*59 

49*75 

0*664 

6*60 


24-75 


0*25 

2*47 

50*0 

0-822 

9*34 






50*5 

0*884 

10-42 






51*0 

0*901 

10-71 






52*5 

0*928 

11*18 






55*0 

0*945 

11*48 






57*5 

0*956 

11*66 






60*0 

0*961 

11*75 







of the titrations therefore contain the concentration of acid minus 
that which was supposed to be converted into the acid salt. The 
degree of dissociation, a, of the free acid given in the fifth column, 
was obtained by dividing the hydrogen-ion concentration by the 
concentration of the acid. Column 6 gives the concentration of 
undissociated acid* The concentrations of HR" ions given in the 
next column represent the sum of the concentrations of NaHR 
(taken as completely dissociated into Na* and HR') and the HR' 
ions from the free HgR* In the last column the values of K t 
{«= [H*][HR']/[H 2 R] are given. : - 

If the first equivalent of alkali be regarded as producing 



1900 BRITTON : HYDROGEN AND OXYGEN ELECTRODE 


Table III. 

Titration of 100 c.c. of 0*0240 M -Succinic Acid with 0*100JV-NaOH 

at 18°. 



E.M.F. 


Cone, of free 






against 


succinic 





C.c. of 

I 

1 


acid 

[HoSuc.l 

1 [HSuc.'] 

NaOH. 

-Volt. 

2 %* 

X 10 3 . 

a. ; 

< 10 s . 

X 10 3 . 

X 10® 

0 

0*446 

2*83 

24-0 

0*0623 

22*5 

— 

9*95 

2*5 

0*467 

3*19 

21*0 

0*0309 

20*3 

3*09 

9*86 

5*1 

0*482 

3*45 

18*0 

0*0198 

17*6 

5*21 

10*51 

7-5 

0*495 

3*67 

15*4 

0-0140 

15*1 

7-35 

10*28 

10*0 

0*508 

3*90 

12*7 

0*0099 

12*6 

9*22 

9*23 

12*5 

0*518 

4*07 

10*2 

0*0083 

10*1 

11*20 

9*36 

15*0 

0*524 

4-18 

7*83 

0-0085 

7*8 

13-1 

11*3 

17*5 

0*532 

4*32 

5*53 

0-0088 

5*5 

14-9 

13*2 

20*0 

0*540 

4-45 

3*33 

0-0106 

3*3 

16*7 

17*8 

22-0 

0*547 

4*58 

1*64 

0-0162 

1*6 

18*1 

29*8 

23*0 

0*550 

4*63 

0*81 

0*0290 

7*9 

18*7 

55*9 

24*0 

0*556 

4*73 

— 

• — 

— 

— 






Na 2 Sue. NaHSuc. K 

a x m 

25*0 

0*557 

4*75 


1*0 


23*0 

0*78 

27*5 

0*564 

4*87 


3*5 


20*5 

2*30 

30*0 

0*570 

4*97 


6*0 


18*0 

3*54 

32*5 

0*579 

5*13 


8*5 


15*5 

4*06 

35*0 

0*588 

5*29 


11-0 


13*0 

4*39 

37*5 

0*596 

5*42 


13*5 


10*5 

4*84 

40*0 

0*608 

5*63 


16-0 


8-0 

4*67' 

42*5 

0*621 

5*86 


18*5 


5*5 

4*68 

44*0 

0*630 

6*01 


20*0 


4*0 

4*85 

45*0 

0*639 

6*17 


21*0 


3*0 

4*74 

46*1 

0*654 

6-43 


22*1 


1*9 

4*32 

47*0 

0*670 

6-71 


23*0 


1*0 

4*52 

47*25 

0*681 

6*90 


23*25 


0*75 

3*92 

47*5 

0*694 

7*12 


23-5 


0*5 

3*55 

47*75 

0*733 

7*80 


23-75 


0*25 

1*51 

48*0 

0*807 

9*08 






48*5 

0*857 

9*95 






40*0 

0*885 

10*43 






50*0 

0*920 

11*04 






52*5 

0*943 

11*44 






55*1 

0*956 

11*66 






57*5 

0*963 

11*79 






60*0 

0*969 

11*89 







salt only, the addition of further alkali will convert equivalent 
amounts into NagR. Then K 2 = [H*][R"]/[HR'] may be cal¬ 
culated if the IsTaHR and Na 2 R be taken as either completely 
or equally dissociated into Na # and HR', and 2Na* and R" respect¬ 
ively, in which case K 2 = [W](x — gf2)!{y —x), where x is the 
number of c.c. of NaOH added, and y the number of c.c. required 
for neutralisation. For the second half of the titrations, the fourth 
and fifth columns give the number of c.c of alkali, (y — x) and 
(a? — y/2) respectively, which are proportional to the respective 
concentrations of NaHR and Na^R. The values of K 2 thus found 
' ,; #e given in the last column. 
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Table IV. 

Titration of 100 c.c. of 0’0230-M-Malonic Acid with. OTOOjV-NaOH 

at 18°. 



E.M.F. 


Cone, of froo 





against 


malonic 




C.c. of 

A T -calomel. 


acid 

[H 2 M| [HM'] 

K t 

NaOH. 

-Volt. 

Ph- 

X 10*. 

a. X 10 s . X 10*. 

X 10*. 

0 

0*411 

2*28 

23*0 

0*263 

16*9 — 

2*16 

2*5 

0*420 

2*37 

20*0 

0*211 

15*8 6*67 

1*79 

5*0 

0*427 

2*50 

17-1 

0*186 

14*0 7*95 

1*82 

7*5 

0*433 

2*60 

14*4 

0*175 

11*9 9*65 

2*04 

10*0 

0*440 

2*72 

IDS 

0*161 

9*91 11*0 

2*12 

12*5 

0*448 

2*86 

9*34 

0*148 

7*95 12*5 

2*17 

15*0 

0*458 

3*03 

6*96 

0*133 

6*03 14*0 

2*15 

17*5 

0*470 

3*24 

4*6S 

0*123 

4*11 15*5 

2*16 

18*5 

0*477 

3*36 

3*80 

0*115 

3*36 16*0 

2*07 

20*0 

0*487 

3*54 

2*50 

0*117 

2*21 17*0 

2*24 

21*0 

0*495 

3*67 

1*66 

0*128 

1*45 17*6 

2*58 

22*0 

0*509 

3*85 

0*82 

0*173 

0*68 18*2 

3*81 

22*5 

0*515 

4*02 

0*41 

0*233 

0*41 18*5 

5*62 

23*0 

0*520 

4*11 

— 

— 

— — 

— 





Na,M. 

NaHM. K 

E X I0». 

23*5 

0*525 

4*19 


0*5 

22*5 

1*42 

24*0 

0*530 

4*28 


1*0 

22*0 

2*38 

25*0 

0*538 

4*42 


2*0 

21*0 

3*63 

27*5 

0*560 

4*80 


4*5 

18*5 

3*86 

30*1 

0*571 

4*99 


7*1 

15*9 

4*56 

32*5 

0*580 

5*15 


9*5 

13*5 

5*02 

35*0 

0*589 

5*30 


12*0 

11*0 

5*43 

37*5 

0*598 

5*46 


14*5 

8*5 

5*93 

40*0 

0*616 

5*77 


17*0 

6*0 

4*80 

42*0 

0*630 

6*01 


19*0 

4*0 

4*61 

43*0 

0*638 

6*15 


20*0 

3*0 

4*70 

44*0 

0*649 

6*34 


21-0 

2*0 

4*76 

45*0 

0*673 

6*76 


22*0 

1*0 

3-83 

45*25 

0*684 

6*95 


22*25 

0*75 

3*34 

45*5 

0*700 

7*23 


22*5 

0*5 

2*67 

45*75 

0*749 

8*08 


22*75 

0*25 

0*76 

46*0 

0*821 

9*32 





46*25 

0*849 

9*81 





46*5 

0*869 

10*16 





47*0 

0*895 

10*60 





48*5 

0*925 

11*13 





50*0 

0*940 

11*39 





52*5 

0*953 

11*61 





55*0 

0*961 

11*75 





57*5 

0*966 

11*84 





60*0 

0*971 

11*92 

- 




The 

titration curves together with that of dextrose are given in 

Fig. 1. 

The curve of the latter shows that dextrose had the effect 


of depressing the alkalinity of the added sodium hydroxide. The 
monobasic acid nature of dextrose, C 6 H 12 0 6 ^=H # + C 6 H u 0 6 ', 
is revealed in the formation of salts with the alkali metals. The 
dissociation constant, K — [H # ][0 6 H 13L 0 6 ']/[C 6 H 18 0 6 ], has been 
calculated from the various observations made during the titration. 



1902 BRITTON : HYDROGEN AND OXYGEN ELECTRODE 


Table V. 

Titration of 140 c.e. of 0*3572$f-Dextrose with OTOOiV-NaOH 

at 18°. 

Total cone. 



E.M.F. 


Cone. 

of NaOH 

Cone. 

Cone. 

K = 

C.c. 

against 


of 

and 

of 

of 

[H:][Gluc'] 

of 

i\ r -calomel. 


NaOH 

NTaGluc. 

NaGluc. 

undiss. 

[HGluc.] 

NaOH, 

, —Volt. 

Ph* 

X 10*. 

X 10®. 

X 10®. 

glucose. 

X 10 1 ®. 

0 

0*645 

6*27 

_ 

._ 

— ' 

0*3572 

8*07* 

0*5 

0*808 

9*10 

0*009 

0*356 

0*347 

0*3557 

7*75* 

1*0 

0*833 

9*53 

0*025 

0*709 

0*684 

0*3539 

5*70 

3*0 

0*860 

10*00 

0*07 

2*10 

2*03 

0*3477 

5*84 

5*0 

0*870 

10*35 

0*16 

3*45 

3*29 

0*3416 

4*30 

10*0 

0*887 

10*47 

0*21 

6*67 

6*46 

0*3300 

6*63 

20*0 

0*909 

10*85 

0*51 

12*5 

12*0 

0*3005 

5*65 

30-0 

0*920 

11*04 

0*79 

17*6 

16*8 

0*2773 

5*53 

40-0 

0*927 

11*16 

1*05 

22*2 

21*1 

0*2567 

5*69 

50*Q 

0*933 

11*27 

1*35 

26*3 

24*9 

0*2383 

5*61 

60*0 

0*938 

11*35 

1*62 

30*0 

28*4 

0*2216 

5*72 

70*0 

0*941 

11*40 

1*82 

33*3 

31*5 

0*2066 

6*07 

80*0 

0*946 

11*49 

2*24 

36*4 

34*2 

0*1931 

5*73 

00*0 

0*948 

11*53 

2*46 

39*1 

36*6 

0*1808 

5*97 

100*0 

0*950 

11*55 

2*57 

41*7 

39*1 

0*1693 

6*51 


Mean 5-77 X 10~ 13 

* Omitted in calculating mean. 


As the solution remained appreciably alkaline throughout the titra¬ 
tion, it was evident that some of the sodium hydroxide had remained 
uncombined, the concentrations of which were found from the 
hydrion data, and were equal to IT], at 18° being 10~ 14 ' 14 , if 
the dissociation of the alkali be assumed complete. 

These concentrations are given in the fourth column, and as the 
combined concentrations of the sodium hydroxide and the sodium 
salt of dextrose were equal to the sodium concentrations produced 
by the added alkali, given in the fifth column, the actual concen¬ 
trations of sodium glucoside were known (column 6). Then, as 
the concentrations of sodium glucoside were very small, it followed 
that these concentrations were very nearly those of the glucoside 
ion. Thus by knowing the concentrations of undissociated glucose, 
which in the circumstances were equal to those of unattacked glucose, 
the affinity constant was found. It will be seen that, except in 
the first two values, which can only be regarded as approximate 
in view of the rapid change in hydrion concentration which was 
then taking place, the values are in fairly good agreement, the 
average being 5*77 X 10“ 13 . The acid nature of glucose has been 
previously studied by Cohen ( Proc. K. Akad. Wetemch. Amsterdam , 
1900* 2, 628) and by Madsen (Z. physikal. Chem., 1901, 36, 290), 
both of whom measured the rate of saponification of ethyl acetate 
by alkaHne solutions oi dextrose. From the data obtained by the 
to (Z.physikal. Chem., 1900,35,673) showed that, 
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if dextrose be regarded as a monobasic acid, 1=5*9 X 10~ 13 , 
and Euler (Ber., 1906, 39, 344), using the latter’s observations, 
obtained a value K = 3*6 X 10’ 13 at 18°. Later, Michaelis and 
Rona (Biochem. Z., 1913, 49, 248), measuring the Pk values of 
some alkali-dextrose solutions with the hydrogen electrode, found 
K = 6*6 x 10~ 13 . 

Fig. 1. 



Calculation of the Dissociation Constants of Dibasic Acids from 
Titration Curves, 

The following equations are based on the mass law and apply to 
solutions which are so dilute that the sodium salts may be taken 
as completely dissociated. The equations, however, differ from 
those of Auerbach and Smolczyk {be. cit.) in that no approximations 
have been introduced. 

Let c == the total concentration of acid, a = total concentration 
of added alkali, and A = hydrogen-ion concentration. A diba^io 
acid, H 2 R, dissociates thus ; 

(i) H 2 R^H- + HR' (ii) HR'^H' + R", >4^,- 
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such that K x = A[HR']/[H 2 R] and K 2 = &[R'']/[HR']. Then 
[HgR] + [HR'] + [R"] = c and [HR'] + 2[R"] = a - h. By 
eliminating the unknowns from these four equations, it is found 


that 

K x = h\a + h)J{K t (2c - a - h) - (ah + h* - he)} . ( 1 ) 

K 2 = {h*(a + h) + Kj(ah + W - hc)}!K x (2c -a-h) . (2) 


Putting aj*n+ hff — h n c n .= A m 2c n — a n — h n = B, ti and 

( a n + ^») == &n> 

then 

K 1 = D n j(K^Bn A w ) and ii 2 — (B n + *®-r4-») 

Hence, by taking any two points on the titration curve whose 
parameters are respectively A 1? B v D v and A 2 , B 2 , D 2 , the values 


of K-, and K 9 can be found. 

Thus 

= (BiD^ — B 2 Z) 1 )/(4 i R 2 * * ..(3) 

^2 “ (-4-1^2 — A^fi^/(B X D 2 .(4) 


Many of the values of A 2 for dibasic acids have hitherto been 
obtained from determinations of the hydrogen-ion concentrations 
of solutions of the acid salts and calculated by means of a formula, 
worked out by Noyes ( Z . physikal. Chem., 1893, 11, 495), identical 
with (2), for when a = c, as is the case with an acid salt, NaHR, 
the equation becomes 

K 2 = W(c + - A) . .... . /. . .-(5) 

A disadvantage of using the acid salt only is that the dissociation 
of the acid to the second stage in such a solution is often very small 
and consequently necessitates an accuracy in the measurements of 
the hydrion concentration which is rarely obtained. Another draw¬ 
back is that the formula involves K v 
Auerbach and Smolczyk used the supposed identity K X K 2 = 
as a criterion of the accuracy of the values of K x and K 2 calculated 
from their formulae. It seems hardly necessary to state that the 
hydrogen-ion concentrations of dilute solutions of acid salts, or of 
solutions undergoing titration when half the total amount of alkali 
ha»s been added, are functions of the concentrations of the salts. 
The measurements of Brucker (Z. physikal. Chem., 1921, 96, 419) 
show that at 20° the p K of solutions of potassium hydrogen tartrate 
varies from 3-47 in 0-025.M-solution to 3-55 in 0-01 M -solution and 
to 3-93 in 0-001 Af-solution. Such variations render the above 
relationship useless, especially when applied to Auerbach and 
Smolczyk’s titrations in which the concentration of acid salt was 
0-036Jf-NaHC 4 H 4 0 6 at the mid-point of the tartaric acid titration. 
It follows also from equation (5) that K X K 2 can be equal to A 2 only 
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when the expression (c + K x + h)[(c ~ h) is equal to unity, i. e., 
when K x = -2ft. This condition can never be obtained, and, as 
the data given in this paper show, the expression rarely even 
approximates to 1, except where K x is negligibly small compared 
with c, as in the case of succinic acid.* 


Table VI. 

Calculation of the Dissociation Constants of Oxalic Acid. 


C.c. of 
NaOH. 

5*01 
45-0 / 
10*01 
40-0/ 
15*0} 
35*0/ 
20*01 
30-0/ 

°l 

25*5/ 




K 2 X 

10*. 

K 

C.c. of \ 

1* 

K 2 x 

10*. 

Form. Table Form. Table' 

3. I. 4. I. 

NaOH. Form. 
3. 

Table Fornf. 
I. 4. 

Table 

I. 

0-20 

0*17 

1*31 

1*29 

01 
30*0 j 

\ 0-17 

0*19 

1-26 

1*05 

0-14 

0*16 

152 

1*48 

01 

40-01 

\ 0-17 

0*19 

1-52 

1*48 

0*15 

0*22 

1*45 

1*36 

0) 

45*01 

j- 0-18 

0-19 

1-31 

1*29 

016 

— 

1*26 

1*05 

Mean 0*17 

0-18 

1-34 

1*38 

0*17 

0*19 

1*05 

_ 







Table VII. 

Dissociation Constants of Tartaric Acid. 




K x X 10 s . 



IC 2 X 10 5 . 


C.c. of 
NaOH. 





_ 


Form. 3. 

A. & S. 

Table i}. 

Form. 4. 

A. & Sr 

Table II? 

• 

45/ 

1*22 

0*66 

1*33 

9*56 

9*77 

9*08 

101 

40 ( 

1*24 

1*23 

1*45 

9*30 

7*25 

8*19 

151 

35/ 

1-30 

M0 

1*75 

8*56 

9*03 

6*62 

201 

30/ 

1*22 

1*08 

2*76 

10*61 

10*84 

5*08 

01 

25/ 

1*28 

— 

1*34 

9*68 

— 

— 

30 } 

1*21 

0*03 

1*33 

10*65 

14*87 

5*08 

is} 

1*29 

— 

f 1*34 

11*75 

9*16 


— 

20\. 

30/ 

1*29 

— 


9*64 

— 

— 

S} 

1*35 

: — ■ 

/1*33 
\1*27 

[—1*24] 

— • 

— , 

OtlJ*. 

oo 

[0-911 

— 

— 

9*65 

— 

(8*19 
i 9*08 . 

Mean 1*27 

0*94 

. 

9*65 

10*35 


* The 

author’s 

attention has been directed to 

the following. If the 


supposed identity, K X K % = h 2 , be substituted in Noyes’s equation* it 
follows that ICj must be equal to 4JST,* As a rule, K x is greater than 
but it will be observed from the following tables that in the oases of succinic 
and tartaric acids, where the ratio K x : K 2 is not considerable, the product 
K X K % is only a little greater than h 2 . ' V 'iv .- 
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Table VIII. 

Dissociation Constants of Succinic Acid. 


C.c. of 
NaOH. 


K x X 10 s . 



K 2 X 10«. 


Form. 3. 

A. & S. 

Table III. 

/ - 

Form. 4. 

A. & S. 

Table III. 

n 

45 j 

10*20 

9*31 

10*51 

5*40 

4*82 

4*74 

107 

40/ 

8*33 

8*14 

9*23 

5*00 

5*00 

4*67 

15 7 
35/ 

8*70 

8*61 

11*29 

5*23 

5*23 

4*39 

201 * 
30 i 

8*20 

10*10 

17*84 

5*85 

5*84 

3*54 

01 

24/ 

9*90 

— 

9*95 

3*50 

— 

—' 

°1 

15/ 

9*91 

— 

f 9*95 
(11*29 

[2*44] 

— , 

— 

257 

36/ 

[7-65] 

— 

— 

5*32 

— 

4*39 

Mean 9-21 

9*04 

— 

5*30 

5*22 

— 




Table IX. 




Dissociation Constants of Malonie Acid. 


C.c. of 
NaOH. 


K % X 1G 3 . 



K % X 10*. 


Form. 3. 

A. & S. 

Table IV. 

r 

Form. 4. 

A. & S. 

Table IV\ 

07 

45/ 

1*96 

— 

2*16 

3*83 

— 

3*83 

5) 

40 / 

1*81 

0*89 

1*82 

.4*82 

4*80 

4*80 

107 

35/ 

2*10 

1*45 

2*12 

5*46 

5*49 

5*43 

150) 

30*1/ 

2*10 

1*70 

2*15 

4*67 

4*67 

4*56 

20> 

25 f 

1*99 

1*81 

2*24 

4*51 

4*70 

3*63 

°7 

23 / 

2*16 

— 

2*16 

3*19 

— 

— 

Mean 

2*02 

1*46 

2*11 

4*41 

4*92 

4*46 


Table VI gives the values of the dissociation constants of oxalic 
acid calculated from the data of pairs of typical.points on the 
titration curve from equations (3) and (4). The values recorded 
in Table I for the appropriate stages of the titration are also given 
for comparison. Auerbach and Smolczyk did not use their formula 
for oxalic acid, as they considered it to be too strong an acid. In 
Tables VII* VJUI, and IX, the values of K x and JT 2 are given for 
tartaric, succinic, and malonie acids respectively, as calculated 
from formulae (3) and (4), also from those of Auerbach and Smolczyk, 
tdgetii^ with the comparable values already given in Tables II 
to TV* 
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Discussion. 

It will be seen from Tables I and VI that the first stage of dis¬ 
sociation of oxalic acid is that of a strong acid and consequently 
does not rigidly obey the mass law. Chandler (J. Amer. Chem . 
$oe., 1908, 30, 705), however, found by the conductivity method 
that K t at 25° was equal to 3*8 X 10~ 2 , and Drucker (Z. 'physikal. 
Chem ., 1920, 96, 381) obtained a mean value 5*7 X 10~ 2 at 18°, 
the actual values varying from 5*2 to 8-3 X 10" 2 . The values of 
K x given in Table IV are much higher than these and, as Table I 
shows, correspond to a degree of dissociation of 0*89. For the 
value of K x to have been that obtained by Drucker, the P.D. for 
the free acid should have been 4 millivolts greater. The E.M.F. 
here recorded has, however, been obtained repeatedly. The values 
of K x given in Tables I and VI are fairly concordant over the first 
part of the titration, but, as Table I shows, oc began to increase 
after 10 c.c of alkali had been added, due to the appearance of 
hydrions from the second stage of ionisation. The values of K v 
0* 15 and 0* 16, calculated by means of equation (3) from the respective 
pairs of points, 15, 35 and 20, 30, show that a part only of the change 
in hydrion concentration thereafter was due to dissociation in the 
first stage. 

The values of K 2 for oxalic acid calculated by the two methods at 
the different stages of the titration are in good agreement, although 
the value 1*05 X 10~ 4 obtained at 30 c.c. (Table I) is somewhat low. 
The value of K 2 obtained from the points 0 and 25*5 is also low, and 
it is at this point that equation (4) becomes, in effect, the well-known 
Noyes equation. The values of K 2 found in the later stages of the 
titration show a tendency to increase, which is no doubt largely due 
to the neglected ionisation of the acid and normal salts formed. 
The first four low values of K 2 given in Table I for the first part of 
the second half of the titration appear to be due to the fact that all 
the ions arising from the first stage of dissociation had not been 
neutralised. The last two values of K 2 in Table I are merely 
approximate, for, as the curve shows, they refer to a stage in the 
titration during which an exceedingly rapid change in hydrogen-ion 
concentration was taking place. From the values of the constants 
K x and K 2 given in Tables I and VI it will be seen that at the 
beginning of the titration the first dissociation only came into play, 
in the middle portion, represented in the diagram by the inflexion, 
both stages of dissociation were affected, and in the last third of the 
titration the second stage of dissociation alone functioned* 

The average value dl K x for oxalic acid is 0*17 and ol j£ 2 ,1*34 X 
1(K and therefore K x « 1269 K 2 . Chandler obtained valued bfr 
K x ranging from 840iT 2 to 1087 K % \ and DruckerVvalues of ^ 
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ranged from 1*5 to 9 X 10~ 5 , the average value being 6*9 X 10~ 5 , 
and thus K x = 82 SK 2 , the actual values ranging from 3800Jf 2 to 
650 K 2 . The value now found for K 2 is thus somewhat higher than 
the value obtained hitherto, but it does account for the changes in 
hydrion concentration which take place during the process of 
neutralisation within narrow limits. The great difference in the 
two dissociation constants explains why they may be calculated in 
the manner adopted in Table I from the data given in the first and 
the last stage of the titration. 

The data given in Table VII for the dissociation constants of 
tartaric acid calculated from formula (3) and (4), and from those 
of Auerbach and Smolczyk, show that more consistent values are 
obtainable from the former equations. Several values have been 
calculated by means of the equations given in this paper for which 
no corresponding values from Auerbach and SmolczykVformuke 
have been given, their formulae having been designed for pairs of 
points, one on each side of the mid-point. The values of K t give 
a mean of 1-27 X 1(T 3 when calculated from equation (3) and 
0*94 X 10~ 3 by Auerbach and Smolczyk’s formula, and K 2 = 
9*65 X 10~ 6 and 10*35 X 10 -5 by the respective methods. Taking 
K x and K 2 as 1*27 X 10~ 3 and 9*65 X 10' 5 respectively, K x = 13if 2 , 
and thus it becomes clear why the points 0 and 15 could be employed 
to calculate the value of as an appreciable quantity of the 
normal salt must have then been formed. The last two sets of data 
show that the extent to which the change in p# between the points 
0 and 5 was governed by K 2 , and between the points 40 and 45 by 
was so small that satisfactory values of the respective constants 
could not be calculated. 

Auerbach and Smolczyk found from their curve, K x = 8*96 X 10' 4 
and 7*46 X 10~ 5 at 20°, and therefore K x = 12A 2 . Other 
workers have found for K v 9*7 X 10~ 4 at 25° (Ostwald, Z. physikal. 
Chem .» 1889, 3, 369; Walden, ibid., 1891, 8, 483) and 1*17 X 10~ 3 
(3>rucker, ibid., 1920, 96, 382), and the values of Jf 2 range from 
2*9 to 6*9 X IQ' 5 (Smith, ibid., 1898, 25, 260; Wegscheider, 
Moncttsh., 1902, 23, 635; McCoy, J, Amer. Chem . Soc., 1908, 30, 
694; Datta and Dhar, J., 1915, 107, 824; Paul, Z. Mektrochem., 
1915* 21, 552; 1917, 23, 70; Z , physikal. Chem., 1924, 110, 417; 
Drueker, loc. dt.; Larsson, Z . morg . Chem,, 1922, 125, 281). The 
values of K x given in Table II are approximately true for the first 
three readings, and the highest values of K 2 are a little lower than 
the actual value. 

Inhere seems to be little difference between the respective values 
q| K % for succinic acid (Table VIII) as calculated by the two 

methods, : The values based on the assumptions made in Table III 
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for the first part of the titration, even in the initial stages, appear 
to be somewhat too high, and those for the main portion of the 
second stage of the titration to be a little too low. The values 
obtained for the middle part of the titration are erratic. Excluding 
the values of K x and K 2 given in brackets in Table VII, which were 
obtained from pairs of points each lying in the extreme halves of 
the curves, K 1 = 9*21 X 10" 5 and K 2 = 5:30 X 1CT 6 and therefore 
K x — YlK 2 ; and it happens that the mean values given by Auer¬ 
bach and Smolczyk’s formulae give the same relationship. Auer¬ 
bach and Smolczyk obtained from their titration data at 20° K x = 
6*86 x IQ” 5 and K % = 3*97 X 10" 6 , whereas previous workers have 
found K x = 6*55 X 10~ 5 at 25° (Ostwald, Z. physikal. Chem 1889, 
3, 272; White and Jones, Amer. Chem. J., 1910, 44, 197) and values 
for K 2 ranging from 2*2 to 4*3 X 10“ 6 (Noyes, Z. physikaL Chem., 
1893,11, 495; Smith, loc . cit. ; Datta and Dhar, loc. cit. ; Chandler, 
loc. cit. ; Larsson, loc. cit.). The data of Chandler show a variation 
in the ratio of K x to K 2 from 15*5 to 26*6. 

Contrary to the good agreement between the values for K x for 
succinic acid obtained by the two methods of calculation, Table IX, 
referring to malonic acid, shows that whereas concordant values are 
given by equation (3) and Table IV, the values calculated from 
Auerbach and Smolczyk’s formula are low and increase as the 
points from which they were calculated approach the mid-point of 
the curve. The values of K 2 , however, found by each of the three 
methods are in good agreement. Taking K x = 2*02 x 10” 3 and 
K 2 = 4*41 X 10“ 6 , it follows that K x = 476jBT 2 > as compared with 
Chandler’s results at 25°, which show a variation of K x from 357JST 2 
to 493 K 2 when the latter constant was determined by McCoy’s 
partition method, whereas K x is given as 1*58 X 10" 3 , which was 
also obtained by Ostwald (loc. cit.), and K 2 as 2*1 x KT 6 , from 
conductivities, and thus K x = 752if a . Other values are: K v 
1*61 x 10" 3 at 25° (White and Jones, loc. cit.) and K % , 1*41 X 10' 6 
at 25° (Datta and Dhar, he. cit.). 

It was mentioned on p. 1904 that Auerbach and Smolczyk used 
the expression K X K % == A 2 , where h was the hydrogen-ion concen¬ 
tration at the point of half neutralisation, and this could only be 
trueif (c + £ x + h)j(c ■— h) in the expression JT 2 = A 2 (c + K x +A)/ 
K x (c — h) was equal to unity. Putting X « (c + K x + A)/ 
(c — h), then K X K 2 = Xh 2 . 

Table X gives the values of X as calculated from (a) the data 
obtained at the mid-points of the titrations, the mean values of K x 
obtained from formula (3) being used, (6) the products K X K % divided 
by A 2 , the constants having been calculated from equations (3) and 
(4), X B , and (c) the products K X K 2 divided by A 2 , the constantfiQsed 
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being those found by Auerbach and Smolczyk’s formulae, A a . The 
numbers given in brackets show the variations in the products and 
the corresponding changes produced in the values of A. 


Table X. 

Form. 3 and 4. A. & S.’s form. 


Acid. 

hK 

X. 

K,K t . 


x A . 

Oxalic 

1*76 X 10" 6 

10*1 

2-28 X10- 4 

13*0 — 

— 




(1*83—2*62) (10*4—14*3) 


Tartaric 

1*13 X I0~ 7 

1*10 

1*23 X 10~ 7 

1*09 0*97x10-7 

0*86 




(Ml—1*29) 

(0*98—1*14) (0*64—1*17) (0*57-1* 

Succinic 3*44 X 10~ 10 

1*01 

4*88 Xl0- 10 

1-42 4-72 X 10~ 10 

1*37 




(3*46—5*50) 

(1*01-1*60) (4*07—6*91) (1*18—1* 

Malonic 

6*11 x 10“ 9 

M2 

8*90 X 10~ 8 

1*45 7*18 X 10~* 

1*17 


(6*89—11*46) (1-13—1*87) (4-27—8-51) (0-70—-1*39) 

It is evident from the table that only in the case of succinic acid 
does A ===== 1 ; the expression (c + K x + h)j(c + shows that this 
can be so only when K x is exceedingly small and % has become 
correspondingly small, such as happens to be the case with succinic 
acid. For the other acids, both K x and h are sufficiently large 
compared with c to render A appreciably greater than 1, the extreme 
case being that of oxalic acid, for which X = 10. The values of 
A b , whilst being of the same order as A, show some variations which 
are due largely to the neglect of the ionisation of the salts formed 
during the titrations. The values of A a show similar, although 
somewhat greater variations, and these are caused by errors due 
both to dissociation and to the fact that the Auerbach-Smolczyk 
formula do not yield satisfactory results for K x when it happens 
to be fairly large, e. < 7 ., of the order of 10 “ 3 . 

By an approximate mathematical analysis Auerbach and 
Smolczyk have shown how the character of the titration curves is 
determined by the ratio of their dissociation constants. Thus when 
K x is greater than 16X 2 the curve will have an inflexion in the 
middle, whereas when the curve will be a straight line, 

and when K x is less than 16A^ 2 the curve will be similar to that of a 
monobasic acid. The curves of oxalic and malonic acids, the second 
dissociation constants of which are considerably less than I/16K X , 
viz*, 1/1269 and 1/476 respectively, have each large inflexions 
(Fig. 1 ), whereas in that of succinic acid an exceedingly small 
inflexion is perhaps just discernible, and the curve for tartaric acid 
{K x = lZE z ) is straighten 

It is stri king that the first two members—oxalic acid and 
malonic acid—of the saturated dibasic acid series, 
H0 2 C-[CH 2 VC0 2 H, 

should exhibit such a great difference in their two dissociation 
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constants, in each case the first constant being several hundred 
times the second, as compared with the next member, succinic acid, 
the first constant of which is only seventeen times the second. The 
dissociation constants found by Chandler (J. Amer . Chem. Soc 
1908,30,713) for the remaining members of the series up to sebacic 
acid, n = 8, reveal the remarkable fact that the values of E 2 from 
malonic acid upwards are all approximately equal and of the order 
10 " 6 , and that there is only a small diminution in K x of the ascending 
acids of the series, but they are all of the order given by succinic 
acid, viz., 10" 5 . Hence the titration curves of these acids will be 
similar to that of succinic acid and, in fact, almost coincident with it. 

The views relating to the acidity of dibasic acids held at the 
present time appear to be those which were first enunciated by 
Ostwald ( Z. physikal. Chem., 1892, 9, 553) and are based on the 
electrostatic charges carried by the various ions and the influence 
that may be exerted by virtue of the proximity of the carboxyl 
groups. He considered that in the ionisation of a dicarboxylic 
acid the negative charge carried by the anion, arising from the first 
dissociation, exerted a force of repulsion on the negative charge 
carried by the other carboxyl group and that the nearer one carboxyl 
group was to the other the greater would be this repulsive force, 
which would therefore tend to prevent the ionisation proceeding to 
the second stage. 

The examples which Ostwald gave were those of fumarie and 
maleic acids and thus the hypothesis gave excellent support to the 
van J t Hoff theory accounting for their structure. The hypothesis 
does not, however, obtain such a marked success when applied to 
the series in question. It does seem to hold when applied to the 
first two acids—oxalic and malonic—but it is difficult to see why the 
interposition of a further methylene group in the case of succinic 
acid should have such a considerable effect in making K x approach 
K 2 in magnitude. It would have been expected, moreover, that as 
the chain of methylene groups became longer and longer and the 
repulsive force between the negative charges held by the carboxyl 
groups grew less and less, the second stage of dissociation would 
have become greater and greater, gradually becoming equal to the 
very slowly decreasing K Xi instead of remaining unchanged. 

Part II. Oxygen Electrode Titrations , 

For the purpose of examining more closely the behaviour of the 
oxygen electrodes during titrations, three of the acid solutions 
titrated with the hydrogen electrode were chosen, for their titrations 
involved changes in hydrogen-ion concentrations which extended 
over the whole acid zone. 100 O.c. each of 0*0230if-malonic acid* 
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00250.M-tartaric acid, and 0-0255if-oxalic acid were titrated at 
18° with N /10-sodium hydroxide, the oxygen electrode being used 
in the way outlined in an earlier paper (Britton, J., 1924,125,1572). 
Observations were made similar to those in the titrations of chromic 
acid ( loc . cit.) regarding the initial E.M.FJs, which were again 
independent of the nature of the acid, and to some extent inde¬ 
pendent of the initial hydrogen-ion concentration of the solution. 
As a rule, no two oxygen electrodes ever gave the same E.M.F .’s 


Rig. 2. 



0 tO 20 50 40 50 60 


C.c,Nl 10-NaOH. 

when immersed in the same solution. Typical titration curves are 
given in Fig, 2, the ordinates being the observed P.D.’s between the 
oxygen electrode and the normal calomel electrode, and the abscissae 
the amount of alkali added. The three titrations were made on 
successive days with the same electrode, of the Hildebrand type 
but having a platinised platinum wire instead of foil, and were 
carried out in the order malonic, tartaric, and finally oxalic acid. 
As the electrode became more and more aged, the E.M.F, readings 
became less positive. The electrodes also’ tended to become more 
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and more erratic after having been subjected to rapid changes in 
hydrion concentration. 

Comparison of Oxygen and Hydrogen Electrode Curves . 

In the previous paper it was pointed out that, if the oxygen 
electrode behaved ideally, the algebraic differences between the 
E.M.F.’s given by the oxygen electrode and by the hydrogen 
electrode at comparable stages of a titration should remain constant, 
these differences being the P.DJ s of the oxygen-hydrogen cell in 
the various solutions. These differences have been ascertained 
for each of the three titrations and are plotted in Fig, 3. 


Fig. 3. 



The E.M.F.’s of the oxygen-hydrogen cell extrapolated from the 
titration curves of the three organic acids show that in the case of 
malonic acid there was a gradual but small diminution until the first 
equivalent had been neutralised, after which the P.D. remained 
constant until the end-point had been reached; it then suddenly 
increased, but afterwards fell to a value somewhat higher than the 
initial E.M.F The oxalic and tartaric acid titrations, which were 
performed with electrodes which had become a little aged, produced 
small and gradual increases in P.D. apart from the slight inflexion 
which occurred at the mid-point of the oxalic acid curve due to a 
lag in the E.M.F. of the oxygen electrode, until the neutralisation 
was complete; the EM*F. of the oxygen-hydrogen cell then sud* 
denly increased and thereafter remained constant in the case of the 
oxalic acid curve but fell somewhat for the tartaric curve. Thus 
in these three titrations the extrapolated E.M.FS& of the oxygen^ 
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hydrogen cell were greater at the end of the titration than at the 
beginning; the actual values are given in Table XI. 

Table XI. 


F.M.F. of oxygen-hydrogen, 
cell at 

Acid. Beginning. End. Difference. 

Malonic . 1*195 1*228 +0*033 

Tartaric . 0*828 1*034 +0*206 

Oxalic. 0*830 0*950 +0*120 

Chromic .. 1*162 1*027 —0*135 


The curves in Fig. 3 show that the differences were not propor¬ 
tionally incorporated in the oxygen electrode voltages, but were 
included mainly in the end-point readings. It was thought that 
these differences were due simply to a lag in the E.M.F.’a of the 
oxygen electrodes caused by the considerable change in hydrion 
concentration, which could be overcome by allowing time before 
taking further readings. When the change was considerable, it 
was sometimes found that time produced some little effect, but in 
general, the extrapolated E.M.FJ s never fell to the initial values. 
This change which takes place as the titrated solution attains 
alkalinity seems to be connected both with the age of the electrodes 
and with the oxidising nature of the acids. The curve showing 
the change which took place in the titration of chromic acid is also 
given in Fig. 3, the actual titration curve being No. 1, Fig. 2, in the 
previous paper. Although there was no change in the P.D, during 
the first half of the neutralisation, there was a somewhat irregular 
falling off during the second stage and when the solution had become 
alkaline it was found that the extrapolated E.M.F. was less than 
the initial value. This occurred in every one of the many titrations 
undertaken. The hydrogen-ion concentration prevailing during 
the second half of the titration lay between 10~ 6 and 1Q“ 7 and it 
seems that it was here and later in the alkaline solution that the 
oxidising nature of the chromic acid came into play. No irregulari¬ 
ties occurred with the non-oxidising acids dealt with in this paper 
and especially with malonie acid, the second part of the neutralisa¬ 
tion of winch was not far removed from the neutral point. 

Calibration of ike Oxygen Electrode in Titrations. 

The erratic behaviour of the oxygen electrode whilst being sub¬ 
jected to rapid changes in hydrion concentration, such as shown in 
Fig. 3 to take place at the end-points of titrations, renders it almost 
impossible to affix a satisfactory hydrogen-ion concentration scale 
to the measured voltages. It is possible, however, to get an 
approximate idea of the changes in over the greater range of the 
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titration, for which purpose the following two schemes of calibration 
have been examined. 

First, knowing the Ph’s of solutions at two remote stages of a 
titration and the corresponding voltages given by the oxygen elec¬ 
trode, one assumes that the intermediate Ph’ s are proportional to 
the observed s. In Fig. 4, the ps curves of the three organic 

acids obtained with the hydrogen electrode are given as heavy lines 
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0 to SO 30 40 50 60 

C.c. tf/lO-NaOH. 

and the thin line lying near to each one of them is the curve calcu¬ 
lated from the oxygen electrode titration voltages. It will be seen 
that the ps’s given by the malonic acid curve are higher by about 
0*5 unit, due to a lag of 0-033 volt being divided proportionally over 
the pa range of the titration, whereas the lag of 0*206 volt shown by 
the tartaric acid curve causes the oxygen curve to lie higher on the 
diagram, in some places nearly a whole Ph unit, and yet in the 
case of oxalic acid, with its lag of 0-120 volt, the oxygen curve is 
almost coincident with the hydrogen curve, save for a small deviation 
in the middle section. This is due to the gradual increase in tiie 


Fig. 4. 
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extrapolated E.M.F. which took place throughout the acid zone 
of the oxalic acid titration. 

The second method of calibration was based on the fact, illus¬ 
trated by Fig. 3, that the oxygen electrode voltages are more 
positive than the corresponding hydrogen electrode voltages by 
approximately a fixed amount, when working over a range of hydrion 
concentration which does not involve sudden changes, and that 
the appreciable variations occur only when a very sharp change in 
hydrion is encountered. Thus in any one of the present titrations, 
if the £> h ? s at the beginning and at the end are known, the E.M.F.’a 
given by the hydrogen electrode as compared with the normal 
calomel can be calculated, and thus the P.D. of the corresponding 
oxygen-hydrogen cells can be extrapolated. The difference between 
the initial and the final values may then be assumed to have been 
introduced at that stage of the titration where the addition of a few 
drops of alkali caused a considerable change in the observed E.M.F, 
This difference is then added to or subtracted from, as the case may 
be, those readings which were taken after the marked .change had 
taken place. To the titration readings which have thus been adjusted, 
the hydrogen-ion concentration scale may be found by proportion, 
or by what amounts to the same thing, from the formula: Observed 
E.M.F. = Initial extrapolated P.D . of the oxygen-hydrogen cell 
+ 0-283 + 0-0577 log 1/[H‘]. 

For example, suppose that all that was known of the tartaric acid 
titration was the initial pn* 2-29, and the Ph when 60 c.c. of alkali 
had been added, viz., 11-75. The oxygen electrode compared with 
the normal calomel gave + 0-413 and + 0-073 volt respectively, 
and from the known Ph’s it is calculated that the E.M.F. of the 
hydrogen electrode against the normal calomel would have been 
— 0*415 volt at the beginning and — 0-961 volt at the end. Hence 
the extrapolated P.D. of the oxygen-hydrogen cell increased from 
+ 0-413 -(-0-415) = 0-828 volt to + 0-073 - (- 0*961) = 1-034 
volt in the course of the titration, a difference of 0-206 volt. This 
is a considerable quantity to be divided proportionally over the 
whole titration as was done in the first method of calibration, and 
consequently would produce a very unsatisfactory hydrion scale. 
But, as Fig. 3 shows, the greater part of this difference was intro¬ 
duced at the end-point. Therefore, if the difference 0*206 volt be 
added to each of the voltages observed after the end-point had been 
passed and then either a proportional scale be affixed or calculated 
from E =*■ 0*828 + 0*283 + 0*0577 log 1/[H # ], a more satisfactory 
caiibmtion is obtained, save for that part of the curve corresponding 
to the initial alkaline solutions. The curves obtained by this 
proeedure are given by dotted lines in Fig. 4. The tartaric acid 
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curve is nearly coincident with, the one obtained by the hydrogen 
electrode, and the malonic acid curve lies closer to the true curve. 
The oxalic curve, however, is less satisfactory. 

In conclusion, it seems that, provided the substances being 
titrated are not oxidising agents, the second method of calibration 
leads to the more satisfactory results; when oxidising agents are 
involved, as, for example, chromic acid, the first method is probably 
more satisfactory. 

Summary . 

( 1 ) Oxalic, malonic, succinic, and tartaric acids and dextrose 
have been titrated electrometrically at 18°. The four acids produce 
in the course of their neutralisation hydrogen-ion concentrations 
which extend over the whole acid zone, and therefore partly neutral¬ 
ised solutions may be used for reference purposes in colorimetric 
determinations of pn* 

(2) The dissociation constant of dextrose as a monobasic acid 
has been found. 

(3) Formulae have been derived for the calculation of the dissoci¬ 
ation constants of dibasic acids from the hydrogen electrode titration 
curves. 

(4) The formulae derived by Auerbach and Smolczyk have been 
shown to give less accurate results. 

(5) Auerbach and Smolczyk 9 s identity, K X K % = k 2 , where A is 
the hydrion concentration at the mid-point of the titration curve 
of a diba’sic acid, has been shown to be erroneous. 

(6) Attempts have been made to use the oxygen electrode for the 
purpose of indicating hydrion concentrations in titrations. 

The author desires to take this opportunity to thank the Depart¬ 
ment of Scientific and Industrial Research for a personal grant, 
and also Prof. J. 0. Philip, F.R.S., for facilities for carrying out 
this work* 
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CCLVII .—Researches on Residual Affinity and Co- 
ordination. Part XXIV. Heats of Chelation of 
Dithiolated Metallic Halides. 

By Gilbert T. Morgan, Sydney Raymond Carter, and 
William Finnemore Harrison. 

When present in organic thioethers, bivalent sulphur exhibits 
residual affinity to a remarkable extent so that dialkyl sulphide* 
vol. cxxvn. 3t 
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combine additively with, many metallic halides, giving rise to 
thiolated co-ordination compounds such as 2Me 2 S,SnCI 4 (Werner 
and Pfeiffer, Z. anorg. Chem., 1898, 17, 101), MegSjCdlg (Werner, 
ibid., 1897, 15, 14), [2Me 2 S,Pt01 2 ] and [Pt,4Me 2 S]PtCl 4 (Tschugaev 
and Subbotin, Ber., 1910, 43,1200). Increased stability is acquired 
by these thiolated metallic halides "when the sulphur is present in a 
chelate group as in dimethyldithiolethylene, CH 3 *S*CH 2 *CH 2 *S*CH 3 , 
a substance which functions as two associating units giving rise by 
implication of the metallic atom to co-ordination complexes con¬ 
taining one or more five-membered rings (formulae I, H, and HI). 

In a previous communication (J., 1922, 121, 2882) attention was 
directed to the coincidence that metallic radicals yielding the 
characteristic insoluble sulphides of analytical practice also give rise 
to well-defined co-ordination compounds with thioethers. The 
selective affinity between metal and sulphur is manifested in a 
similar manner whether in sulphide formation or in the production 
of thiolated metallic salts. 

Moreover, in the case of metals of variable valency, both these 
modes of combination between metallic radical and sulphur afford 
an insight into the relative stabilities of the electronic structures of 
the metallic atoms corresponding with these valency changes. 

Copper and gold, which fall into a natural family of univalent 
metals, have the fundamental electronic structures of Cu* = 
2,224,22446,1 and Au* = 2,8,18,32,18,1 with single valency 
electrons. But in their cupric and auric salts the two metals 
exhibit alternative electronic structures, Cu 11 = 2,224,22445,2 and 
Au™c = 2,8,18,32,16,3 with two and three valency electrons 
respectively as displayed in cupric and auric salts. In their com¬ 
binations with sulphur, there is a marked tendency to revert to the 
lower state of valency, that is, to change from the alternative to the 
fundamental electronic structure. When cupric halides combine 
with dimethyldithiolethylene or with other thioethers the resulting 
thiolated cupric halides change readily to cuprous derivatives. 
Similarly, the thiolated auric compounds are unstable and especially 
sensitive to moisture, which promotes a spontaneous change to 
thiolated aurous derivatives (ibid., p. 2883). 

In the ease of mercury, thiolation promotes an exaltation of val¬ 
ency (ibid., p. 2884) corresponding with a change from the less stable 
dectaronio structure of univalent mercury, Hg 1 = 2,8,18,32,18,1,1, 
to the more stable electronic structure of the bivalent metal, Hg* 1 = 
2,8,18,32,18,2, which is characteristic of its natural position among 
thechemical, elements. c 

^ earlier investigations it was noticed that the form¬ 

ation of certain dithiolated metallic halides was accompanied by 
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a very appreciable rise of temperature and we have now determined 
the heats of chelation of fifteen of these co-ordination compounds. 

With the same metallic radical it was found that the heat of 
combination of dithiol and metallic halides varied with the nature 
of the halogen, and missing members of the series were prepared in 
order to obtain comparative measurements. 

Dimethyldithiolethylene cuprous iodide * (I), is a pale yellow sub¬ 
stance stable in air and only slowly attacked by boiling water. 

The zinc series was completed by the production of dimethyldi- 
thiolethylene zinc chloride and iodide (II), the bromide having been 
already described, and dimethyldithiolethylene cadmium chloride and 
bromide (III) were also prepared. 



X s=s a halogen atom. 


The thermal measurements described in this paper show how 
very vague is the former division of chemical substances into atomic 
and molecular compounds. 

Heats of reaction do not represent exactly the free energy of 
change involved in building up a substance from its simpler com¬ 
ponents, and cannot, therefore, in the case of these thiolated deriv¬ 
atives, represent the work actually done by residual affinity, but since 
in many cases the free energy changes are not very different from 
total energy changes, a certain degree of approximation may be 
expected. Thus not only the free energy but also the bound energy 
may be assumed to have some relation to chemical structure. 

The heat of chelation of cupric chloride by dimethyldithiolethylene 
is -f 14*85 Cals., whereas the heat of formation of cupric sulphide is 
+9*93 Cals. On the other hand, the more stable cuprous sulphide 
is formed with the generation of 18*26 Cals., whereas the dithiolated 
cuprous iodide has a heat of chelation of +5*9 Cals. 

The influence of the halogen on the heat of chelation of the 
dithiolated metallic halides is demonstrated by a study of the 
complete series of mercury, compounds ,* the data for the chloride, 
bromide, and iodide are in the descending order of +13*23, +11*33, 
and +4-83 Cals. In the case of the most exothermic of these three 

* Erratum .—In the copper compounds each copper atom becomes associated 
with one molecular proportion of dithiol. The name of the cupric derivative 
(J., 1922, 121, 2887) should be dimethyldithiolethylene cupric chloride; the 
prefix bis refers to a double molecule as in the preceding dithiolated cuprous 
bromide. 

3t2 



1920 MORGAN, CARTER, AND HARRISON : RESEARCHES ON 

changes, the value exceeds appreciably that of the heat of formation 
of mercuric sulphide (10*75 Cals.). The three dithiolated cadmium 
halides give the series : chloride +12*16 Cals., bromide +11*27 
Cals., and iodide +9*96 Cals., these values being all lower than the 
heat of formation of cadmium sulphide (34*36 Cals). It is of interest 
to compare the heats of chelation of this dithiolated series with the 
heats of co-ordination of the cadmium halides with ammonia; the 
latter values are as follow : CdC+SNB^, 37*24 Cals.; CdBr 2 ,2NH 3 , 
35*2 Cals.; CdI 2 ,2NH 3 , 29*6 Cals. (Tassily, Ann . Ghim. Phys ., 1899, 
17, 38). 

A discrepancy was observed in the case of the dimethyldithiol- 
ethylene zinc halides, where the values were chloride, 13*21 Cals. 
(87°); bromide, 15*35 Cals. (79°); and iodide, 14*23 Cals. (71°), the 
value obtained for the bromide derivative being the highest of the 
three (heat of formation of zinc sulphide+41*3 Cals.). 

The zinc halides also combine with methylamine to give co-ordin¬ 
ation compounds having the general formula ZnX 2 ,5NH 2 *CH 3 
(Ephraim and Linn, Ber., 1913, 46, 3742), and for these the heats 
of co-ordination are chloride, 12*79, bromide, 12*48, and iodide, 
12*17 Cals., a diminishing series resembling the values obtained with 
the dithiolated cadmium and mercuric halides. However, in their 
combinations with ammonia (Isambert, Compt. rend., 1878, 86, 968; 
Andr6, Ann. Ghim. Phys., 1884, 3, 66; Tassily, be. cit.) the zinc 
halides give the following heats of co-ordination : ZnCI^NHg, 
68*0 Cals.; ZnI 2 ,4lSna[3, 73*95 Cals.; ZnBr 2 ,5NH 3 , 82*2 Cals. The 
ammoniated zinc bromide is anomalous both in composition and in 
its heat of co-ordination. 

The maximum heat of chelation was observed in the case of 
dithiolated stannic chloride and the next highest value was noted 
with the corresponding bromide, the values for these two co-ordin¬ 
ation compounds, CB^S-C 2 H 4 *S*CH 3 ,SnX 2 , being 28*06 and 19*40 
Cals., respectively. Stannic iodide does not yield a chelated com¬ 
pound, for in this combination two molecular proportions of the 
iodide combine with one of the dithiol, CH 3 *S*C 2 H 4 *S*CH 3 ,2SnI 4 . 
Nevertheless even in this case the heat of co-ordination is very con¬ 
siderable, being 16*58 Cals. 

A heat of co-ordination of +12*0 Cals, was observed in the com¬ 
bination of 3 mols. of dimethyldithiolethylene with 2 mols. of 
bismuth iodide to form the bright scarlet complex, 
3CH 3 *S*C 2 H 4 *S*CH 3 ,2BiI 3 . 

The following table summarises the calorimetric results obtained 
for the heats of chelation or co-ordination, in large calories, of the 
fifteen dithiolated metallic halides; the heats of formation of the 
corresponding metallic sulphides recorded in Landolt-Bornstein 
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<c Physikalisch-Chemische Tabellen,” 1912, based on the work of 
Berthelot (B) and Thomsen (T), are also included. 

Dithiolated. 


Metal. Chloride. Bromide. Iodide. Sulphide. 

Copper (ic) . -f 14-85 — — +9*93 (Mean B and T) 

Copper (ous) . — — +5*88 18*26 (T) 

Zmc . 13*21 +15-35 14-23 41*28 (Mean B and T) 

Cadmium. 12*16 11*27 9*96 34*35 (T) 

Mercury . 13-23 11*33 4-83 10-6 (B) 

Tin . 28*06 19-40 16-58 — 

Bismuth . — — 12*0 — 


Experimental. 

I. Preparation* and Purification of Bimethyldithiolethylene. 

Bimethyldithiolethylene, prepared by the action of sodium 
mercaptide on ethylene dibromide (Morgan and Ledbury, J. s 1922, 
421, 2882), was purified through the characteristic dithiolated nickel 
thiocyanate, Ni(CNS) 2 ,2CH3-S*C 2 H 4 *S , CH 3 (Tschugaev and Kobl- 
jamski, Ber., 1908, 41, 2222). This compound crystallised from 
85% alcohol in blue needles which were dried and distilled in steam. 
The colourless disulphide which separated from the distillate then 
boiled at 182*5°/750 mm. 

II. Preparation of Dithiolated Metallic Halides . 

Bimethyldithiolethylene Zinc Chloride .—Dry chlorine was passed 
into a suspension of zinc dust in anhydrous ether and the disulphide 
was added to the filtered ethereal solution; the white dithiolated 
compound then separated in crystalline form, melting at 131— 
132° to a clear liquid. It was very unstable in a moist atmosphere 
and was immediately decomposed by cold water with liberation of 
the disulphide (Found : Zn, 25*1; Cl, 27-3; S, 244. C 4 H 10 Cl a S 2 Zn 
requires Zn, 25*3; 01, 2745; S, 24*8%. This zinc compound was only 
slightly soluble in ether but very soluble in acetone; it dissolved in 
alcohol with decomposition. 

Bimethyldithiolethylene zinc iodide was distinctly less affected by 
moisture than the corresponding chloride or bromide {ibid., p. 2888). 
Zinc dust (2 g.) and iodine (6 g.) were combined in dry ether and 
1 g. of the disulphide was added to the filtered solution; small, white 
crystals then separated, melting at 169—170° to a clear liquid 
(Found : Zn, 14*6; 1,57*3; S, 144. C 4 H 10 I 2 S 2 Zn requires Zn, 14*8 ; 
I, 57*5; S, 14*5%). The compound was very soluble in acetone and 
slightly soluble in ether; it dissolved readily in methyl and ethyl 
alcohols with slight decomposition on boiling, but was only sparingly 
soluble in other solvents. 

DimethylditMolethylene Cadmium Chloride .—On addition of the 
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disulphide to a solution of anhydrous cadmium chloride in dry 
alcohol, a white, crystalline compound separated, which was very 
soluble in warm alcohol and crystallised from this solvent in colour¬ 
less needles; it did not melt below 285° (Found: Cd, 36*95; 01, 
23*2; S, 20*85. C 4 H 10 Cl2S 2 Cd requires Cd, 36*8; Cl, 23*2; S, 
21*0%). The thiolated compound was readily soluble in methyl 
alcohol but almost insoluble in acetone; it was slowly decomposed 
by cold water. 

Dimeihyldithiolethylene cadmium bromide , prepared in a similar 
manner to the preceding compound, had similar properties but 
did not melt below 285° (Found: Cd, 28*3; Br, 40*7; S, 16*4. 
C 4 H 10 Br 2 S 2 Cd requires Cd, 28*5; Br, 40*5; S, 16*2%). The 
dithiolated cadmium bromide was readily soluble in acetone, ether, 
or methyl alcohol. 

Dimethyldithiolethylene Cuprous Iodide .—A solution of copper 
sulphate in water was saturated with sulphur dioxide and on the 
addition of the organic disulphide and potassium iodide, a pale 
yellow substance was precipitated which was extracted with a strong 
solution of potassium iodide to remove any unchanged cuprous 
iodide. The additive compound was then washed with alcohol and 
dried in a vacuum desiccator. Insoluble in the ordinary organic 
media, it was unchanged by cold water but slowly decomposed on 
boiling, leaving cuprous iodide. It was very stable in air, melting 
and decomposing at 156°, leaving a black residue (Found: Cu, 
20*1; I, 40*3; S, 20*8. CgH^^Cu,* requires Cu, 20*3; I, 40*6; 
8,20*5%). 

III. Thermal Measurements. 

Description of Apparatus .—In the following calorimetric measure¬ 
ments the two reacting liquids were placed in separate vessels and 
their temperatures recorded at intervals of a minute; the one 
reagent was then added to the other, the temperature change being 
observed. A silver calorimeter of half a litre capacity was used in 
those cases where the metal was unattacked by the reagents. In 
the experiments with mercury salts a thin-walled glass calorimeter 
was employed. The stirrer, which consisted of two rings of sheet 
nickel, each perforated with eight holes and connected by nickel 
rods, was raised and lowered about sixty times a minute. The 
second liquid, contained in a tap funnel, was stirred with a small 
glass propeUerstirrer. 

The experimental methods based on the former work (Morgan 
and Ledbury, Joe. cit.) were frequently modified in order to obtain 
of a speed suitable for thermal measurements* In the case 
of the more stable additive compounds, the thermal data were 
obtained in the formation of the co-ordination compounds. For 
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the less stable dithiolated derivatives it was more convenient to 
prepare the compounds first and subsequently to determine their 
heats of dissociation. 

Dimethyldithiolethylene cupric chloride. This compound is imme¬ 
diately decomposed by a large excess of water. About 2 g. of the 
substance were decomposed in a calorimeter and the fall in temper¬ 
ature was measured. The heat of dissociation was -3-77 Cals. 
The heat of solution of cupric chloride in water (1 : 600 water, which 
was the concentration employed) is given as +11*08 Cals. (Thomsen, 
J . pr. Ghem 1875,12, 276). The heat of reaction of cupric chloride 
and. the disulphide is +14*85 Cals. 

Dimethyldithiolethylene cuprous iodide. Potassium iodide 
solution was added to a solution of copper sulphate (2*2%) and 
the d is ulphide and the resulting temperature change compared with 
a blank experiment in which the disulphide was absent. The 
difference, which gives the heat of reaction of cuprous iodide and the 
disulphide, was +5*88 Cals. 

Dimethyldithiolethylene zinc chloride. This dithiolated chloride 
was decomposed with water and the heat of dissociation found to be 
+2*44 Cals. The heat of solution of zinc chloride (1: 300) is given 
by Thomsen as +15*63 Cals. ( J. pr. Ghem., 1875, 11, 410). This 
gives the heat of reaction of zinc chloride and disulphide as +13*19 
Cals. 

Dimethyldithiolethylene zinc bromide ( loo. cit ., p, 2888) was treated 
as in the preceding case. The heat of dissociation was —0*324 Cal. 
The heat of solution of zinc bromide in water is given by Thomsen 
as+15*03 Cals, (J.pr. Ghem., 1877, 16, 328); hence the heat of 
reaction is+15*35 Cals, 

Dimethyldithiolethylene zinc iodide . The heat of dissociation 
with water was —2*87 Cals., the heat of solution of zinc iodide in 
water (1:400) is +11*31 Cals. (Thomsen, ibid., 1877) and hence 
the heat of reaction of zinc iodide and the disulphide is +14*18 
Cals. 

DiTmthyldithiolethylene cadmium chloride . The cadmium com¬ 
pounds were all decomposed with 2% hydrochloric acid. The 
specific heat of such a solutionis 0*9650 (Marignac, Ann. Ghim. Phys., 
1876, 8, 410). The heat of dissociation was —9*15 Cals. The heat 
of solution of cadmium chloride in water (1:400) is +3*01 Cals, 
(Thomsen, ibid., 1875). Hence the heat of reaction of the dithiol 
with cadmium chloride is +12*16 Cals. 

DimethyUithiolefhylene cadmium bromide , The heat of dissoci¬ 
ation was —10*83 Cals.; the heat of solution of cadmium bromide in 
water {1:400) (Thomsen, ibid., 1877) is +0*44 Cal., and hence the 
heat of reaction is +11*27 Cals. 
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Dimethyldithiolethylene cadmium iodide. The heat of dissociation 
was —10*92 Cals. The heat of solution of cadmium iodide in water 
(1:400) is —0*96 Cal. (Thomsen, ibid., 1877). Accordingly, the 
heat of reaction of cadmium iodide and the disulphide is +9*96 
Cals. 

Dimethyldithiolethylene mercuric chloride. The heat of reaction 
was directly measured by the addition of the disulphide to a 3% 
solution of mercuric chloride in water. The specific heat of such a 
solution is given by Blumcke as 0*96 (Ber., 1884,17, 655). The heat 
of reaction was +13*23 Cals. 

j Dimethyldithiolethylene mercuric bromide . A weighed amount of the 
disulphide was added to an alcoholic solution of mercuric bromide. 
The heat of solution of mercuric bromide in alcohol was ascertained 
to be negligible. The heat of reaction was thus found to be +11*33 
Cals. 

Dimethyldithiolethylene mercuric iodide. Excess of the disulphide 
was added to a solution of mercuric iodide in alcohol. The heat of 
reaction was +6*93 Cals. The heat of solution of mercuric iodide in 
alcohol, which was difficult to determine owing, to very sparing 
solubility, was found to be about —2*1 Cals. Thus the heat of 
reaction of mercuric iodide and the disulphide is +4*83 Cals. 

Trisdimethyldithiolethylene dibimiuthotri-iodide. Into a solution of 
bismuth oxychloride in dilute hydrochloric acid about 1 g. of the 
disulphide was introduced. Then a solution of about one-third of 
the theoretical quantity of potassium iodide was added, when the 
characteristic red compound was formed. The heat of reaction was 
+35*6 Cals, and correcting for the side reactions this gives a result 
of +12*0 Cals, for the heat of reaction of bismuth iodide and the 
disulphide. 

Dimethyldithiolethylene stannichloride. For the thermal measure¬ 
ments of the dithiolated tin compounds the copper calorimeter 
employed was tinned internally. A solution of the disulphide in 
carbon tetrachloride was run into a solution of stannic chloride 
in the same solvent, the co-ordination compound being insoluble in 
this medium. The heat of reaction was +26*98 Cals. The heat of 
solution of stannic chloride in the solvent was difficult to determine 
owing to the very hygroscopic nature of the chloride and the result¬ 
ing rise in temperature. The hydration effects were minimised by 
leading dry carbon dioxide above the calorimeter liquid and placing 
fused calcium chloride between the ebonite lids; readings were 
taken every 15 seconds. The heat of solution (1 g. of stannic 
chloride to 300 g. of carbon tetrachloride) was +0*870 Cal. The 
heat of solution of the disulphide in the solvent was +0*232 Cal. 
The specific heat of carbon tetrachloride was taken as 0*2014 
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(Mills and MacRae, J. physical Chem., 1895, 9, 360). Correcting 
for the heats of solution of the reacting substances, a value of 
+28-06 Cals, is obtained for the heat of reaction of stannic chloride 
and the disulphide. 

Dimethyldithioletkylene stannibromide. The heat of reaction of 
the bromide and disulphide, both in carbon tetrachloride solution, 
was +22*32 Cals. The heat of solution of stannic bromide in carbon 
tetrachloride was found to be —3-15 Cals. (1 g. of stannic bromide to 
100 g. of carbon tetrachloride). The heat of solution of disulphide 
in carbon tetrachloride is +0-232 Cal. 

C 4 Hi 0 S 2 + SnBr 4 —> C 4 H 10 S 2 ,SnBr 4 + 19-40 Cals. 

Dimethyldithioletkylene stanni-iodide. By adopting the foregoing 
method the reaction was not complete using the common organic 
solvents. Finally a solution of stannic chloride in carbon tetra¬ 
chloride was added to a solution of dimethyldithiolethylene stanni- 
iodide in carbon tetrachloride; dimethyldithiolethylene stanni- 
chloride and free stannic iodide were then produced. Nearly twice 
the theoretical quantity of stannic chloride was necessary to complete 
the chemical change. 

C 4 H 10 S 2 ,2SnI 4 + SnCl 4 —> C 4 H 10 S 2 ,SnCl 4 + 2SnI 4 + 30-30 Cals. 

soln. soln, soln. 

C 4 H 10 S 2 + SnCl 4 C 4 H 10 S 2 ,SnCl 4 + 26-98 Cals, 
soln. soln. 

Hence, 2SnI 4 + C 4 H 10 S 2 —> C 4 H 10 S 2 ,2SnI 4 — 3*3 Cals, 
soln, soln. soln. 

The heat of solution of stannic iodide in carbon tetrachloride 
(1 :200) was found to be —3-81 Cals. The heat of solution of 
dimethyldithiolethylene stanni-iodide in carbon tetrachloride 
(1 : 200) was —27-27 Cals. The heat of solution of the disulphide 
in carbon tetrachloride (1 :200) was +0*232 Cal. Hence the heat 
of reaction of the disulphide and stannic iodide is +16*58 Cals. 

The authors desire to express their thanks to the Advisory 
Council of the Department of Scientific and Industrial Research 
and to Messrs. Brunner Mond and Company, Limited, for grants 
which have helped to defray the expense of this investigation. 
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CCLVIIL —The Rotatory Dispersion of Derivatives of 
Tartaric Acid . Part II. Acetyl Derivatives. 

By Percy Corlett Austin and James Ritchie Park. 

The effect produced on the character of the rotatory dispersion of 
tartaric acid by bridging across various hydroxyl groups with 
methylene (Austin and Carpenter, J., 1924, 125, 1939) was so 
remarkable that an investigation of other types of bridging became 
desirable. Condensation of the carboxyl groups with production 
of an anhydride ring is readily effected if the alcoholic groups are 
acetylated at the same time (Chattaway and Parkes, J., 1923, 
123, 663). Diacetyltartaric anhydride is dextrorotatory in solution 
in acetone or benzene and lsevorotatory in alcohol or water 
(Anschutz and Pictet, Ber., 1880, 13, 1178; Pictet, Arch. Sci . 
phys. nat 1882, 7, 82; Freundler, Ann. Chim. Phys., 1895, 4, 242), 
but the data recorded show considerable variations. Freundler 
states that whereas the rotations of dibenzoyltartaric anhydride in 
solution in acetone are practically independent of concentration, 
this is not the case with the diacetyl compound. He points out, 
however, that some of the solutions examined show mutarotation.* 
It seemed desirable, therefore, to study the compound in detail. 

The Cause of the Mutarotation of Diacetyltartaric Anhydride , 

We have found that if special care is taken to eliminate moisture, 
solutions of diacetyltartaric anhydride in acetone or ethyl acetate 
do not exhibit mutarotation and the strong dextrorotations are 
permanent. The rotations conform to the requirements of the law 
of “ simple ” rotatory dispersion (compare Austin and Carpenter, 
be. cit .; Lowry and Cutter, this vol., p. 604). This led us to 
surmise that the variations in the values of the specific rotation with 
changes of concentration which were recorded by Freundler might 
also be due to the presence of moisture in the solvent. This we 
have verified experimentally. It is therefore clear that when a dry 
solvent is used the two principal anomalies which are characteristic 
of tartaric acid and of many of its derivatives, viz., anomalous 
.rotatory dispersion and sensitiveness of rotatory power to changes 
of concentration, disappear simultaneously. 

On adding water to the dry solutions, a change of rotation soon 
became apparent, the rate of change increasing with the amount 
of water present; with one and with four molecular proportions 
of water, final steady values were reached after about 1J days 

* The values given by Freundler for specific rotations are obviously intended 
to represent molecular rotations. 
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and 16 days, respectively. The fact that this nmtarotation is due 
to the hydrolysis of the anhydride ring and not to an isomeric 
change catalysed by the water (compare Lowry, this vol., p. 1376) 
was proved by isolating pure diacetyltartaric acid from solutions in 
which mutarotation was complete. The final readings were 
strongly laevorotatory, but the values depended on the amount of 
water used, as is shown in Table I. 

Table I. 

Influence of Water upon the Rotatory Power of Diacetyltartaric Acid 

in Acetone at 20°. 



Ten g. of C 8 H 8 0 7 (anhydride) in 100 c.c. 

1 = 4. 


Mols. of 


Mols. of 




Ho 0. 

a 5780* a 5461* 

a 4ns9* H 2 0. 

a 5780* 

a 5461- 

a 4350» 

i 

-11-23° -13-12° 

-26*43° 4 

-13*10° 

-15*26° 

-30*31° 

o 

-12-18 -14-10 

-28*27 5 

-13-56 

-15-68 

-31*13 

3 

-12-91 -14-93 

— 29*29 12 

-14-61 

-17-00 

-33*20 


The cause of this increase of laevorotation with increasing amounts 
of water has not yet been determined. It may be due (i) to 
association with water molecules or (ii) to ionic dissociation of the 
diacetyltartaric acid. That some such influence is involved can be 
inferred from a study of the velocity coefficients (Table V). 

The Formation of Diacetyltartaric Acid. 

The results shown in Table I left us in doubt as to the true value 
of the rotatory power of diacetyltartaric acid until the latter 
substance had been isolated and identified. The purification of 
the acid was a somewhat troublesome process, since we were long 
unable to obtain any definite crystals from the solutions. More¬ 
over, the data in reference to the properties of this acid were very 
meagre. Rochleder, who appears to have been the first to obtain 
crystals of the acid (Sitz. Ber . AJcad. Wise. Wien, 1859, 29, 26), 
merely states that it is deliquescent; he gives neither analysis nor 
melting-point. W. H. Perkin, sen. (J., 1867,20, 138), describes the 
acid as a transparent, gum-like substance, whilst Colson {Compt. 
rend 1892, 114, 177) obtained deliquescent crystals of a laevo¬ 
rotatory compound, melting at 58° and corresponding with the 
formula C 8 H 10 O 8 ,3H 2 O. This substance we have been unable to 
obtain; but we have separated from solutions in benzene large, 
soft crystals, containing benzene of crystallisation (1| mols.). 
The benzene was easily driven off by heat; the residual white 
powder melted at 118° and was the anhydrous acid, C e H 10 O 8 . A 
solution of this in dry acetone was strongly laevorotatory and 
rotatory dispersion was also simple. Moreover, its molecular 

' 3t*■£ -\:m 
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rotatory power was identical with that calculated from the final 
readings after mutarotation, when one molecular proportion of 
water was used. Thus, when the anhydride and water are 
mixed in equimoleeular proportion in the presence of acetone, 
hydrolysis of the anhydride is complete in about 16 days and the 
exaltation of the laevorotation in the presence of more water must 
be due to some other cause. 

Since the simple salts of tartaric acid have been proved to exhibit 
complex rotatory dispersion (Lowry and Austin, Bakerian Lecture, 
Phil. Trans., 1922, A, 222, 249), this is the first instance of simple 
rotatory dispersion in the tartaric acid series, which is independent 
of any ring formation. Even more important, however, is the fact 
that the anomalies have been eliminated by replacing the hydroxylic 
hydrogen atoms by acyl groups -without bridging, whereas the 
substitution of alkyl groups for the carboxylic hydrogen atoms is 
known to be without effect. 

We may therefore conclude that the alcoholic hydroxyl groups 
are important, though possibly not essential factors , in the development 
of anomalous rotatory dispersion in tartaric acid (compare Lowry 
and Austin, Nature, 1924, 114, 431). 

Anomalous Rotatory Dispersion caused by the Superposition of 
Opposite Partial Rotations. 

(a) An interesting feature of the mutarotation of diaeetyltartarie 
anhydride is the development of anomalous rotatory dispersion 
during the transition from the simple dispersion of the dextro¬ 
rotatory anhydride to the simple dispersion of the lsevorotatory 
acid. This is clearly shown in Pig. 1 and is a striking vindication 
Of Amdtsen’s hypothesis in reference to the origin of the anomalous 
rotatory dispersion of tartaric acid (Ann. Chim. Phys ., 1858,54,421; 
Lowry and Austin, Phil . Trans., loo. cit. ; Lowry and Cutter, this 
voL, p. 607). 

It is an essential feature of this hypothesis that the two com¬ 
pounds the partial rotations of which are superposed, in order to 
produce an anomalous dispersion, must not only be opposite in 
sign but of unequal dispersion. This condition is fulfilled in the 
present instance, since, whilst the anhydride has a dispersion- 
constant X 2 ■= 0*0507, the acid has a dispersion-constant X 2 = 0*0833, 
the laevo-component being the more dispersive (see Table V) just 
as in the case of tartaric acid and its esters (Lowry and Austin, 
loc* cit.) and of the two methylene derivatives (Austin and Carpenter, 

■ IpC. <?&.}. - /-v ' 

The figure shows the curves of simple dispersion representing the 
anhydride (I) and the. acid (VIII) respectively together with six 
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intermediate curves, which are plotted on a larger vertical scale in 
order to show the anomalies.* 

During the course of the mutarotation only the three mercury 
lines were read, but the form of the dispersion curves can be accur¬ 
ately determined by extrapolation beyond these points, since we 
know that we are dealing with mixtures of two known components. 

Fig. 1. 


A 2 =0*10 0*15 0*20 0*25 0*30 0*35 0*40 0*45 



Blue Green Yellow Bed 

It will be seen that five of the curves (II—VI) are not only com¬ 
plex but also anomalous, the positions of the characteristic anomalies 
being indicated in Table V. No, VII, although still obviously 
complex (since mutarotation is incomplete), is nomaZ, as are also all 

* The characteristic anomalies are (i) reversal of sign, Xp; (ii) maximum 
point at Xp,; and (iii) point of inflexion at A* (Table V). In several instances 
the actual reversals were observed experimentally for the mercury violet, 
green and yellow lines in succession. 
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the curves (not shown in the diagram) which lie between Nos. VII 
and VTIL This follows necessarily from the fact that k 2 has 
become greater than h v whilst is also greater than X x 2 . Simi¬ 
larly, all curves which lie between I and II must be complex and 
anomalous. 

(b) A change of a very similar character was observed when a 
solution of the anhydride in warm water was cooled to 20°. Hydro¬ 
lysis of the anhydride was so rapid that the first readings which could 
be obtained were lsevorotatory, but instead of remaining constant 
they soon began to dim inish and a very slow mutarotation in the 
opposite direction to that shown in Fig. 1 took place until eventually 
only dextrorotations were observed. Thus the simple lsevorotatory 
dispersion gave place to complex and later to anomalous dispersion, 
the rotation for the yellow mercury line showing reversal of sign 
after 19 days. This was followed by a reversal in the green after 
20 days and in the violet after 32 days (Table VI). This change 
is obviously due to slow hydrolysis of the acetyl groups with the 
liberation of dextrorotatory tartaric acid. A similar hydrolysis, 
which was slower still, was also noticed in the case of the muta- 
rotation of the anhydride in acetone, with twelve molecular pro¬ 
portions of water (p. 1927), after the attainment of the maximum 
lsevorotations. 

Experimental. 

Diacetyltartaric anhydride was prepared by Ghattaway and 
Parkes’s method (loc. cit.). Owing to its deliquescent nature, 
recrystallisation from benzene did not suffice to purify it; eventually 
very pure specimens were obtained by allowing hot solutions of 
the compound in acetic anhydride to cool in a desiccator. Traces 
of the solvent were eliminated by washing with dry ether. The 
rotations were measured at 20° in solutions in acetone and in ethyl 
acetate. Both solvents were carefully dried shortly before use by 
the addition of phosphorus pentoxide, followed by refractionation. 
The specific rotations in ethyl acetate were considerably lower 
than those in acetone. Results are set forth in Tables II and III, 
photographic readings being given in italics. 

The Midaroiaiicm of Diacetyltartaric Anhydride in Wet Acetone .— 
A solution of diacetyltartaric anhydride (10 g.) in dry acetone 
(nearly 100 c.c.) at 20° was, after the addition of water (0*85 c.c. = 
1 mol.), made up to 100 c.c. with dry solvent. The solution was 
transferred as rapidly as possible into a 4-dcm. tube and readings 
Wes?e* taken at intervals measured from the moment when the 
wafer was added. Comparison of the final constant readings with 
those obtained from a solution of an equivalent quantity of the 
pure acid in dry acetone showed that the reaction was complete 
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Table II. 

The Rotatory Dispersion of Diacetyltartaric Anhydride in Acetone 

at 20°, 


(a) First Series . 25 G. of C 8 H 8 0 7 in 100 c.c. of solution* 


Length of tube = 

4 dcm. a 

= [<*]. 
[M i] = 

Simple formula [oj 
2-16a. 

+ 18-354 
“ A 3 - 0*0507’ 

A. 

a — 

[a] obs. 

[aj calc. 

[a]- 

M* 


a — 

[a] obs. 

[aj calc. 

M- 

[aj. 

Li 6708 

4-45*94° 

445*97° 

-0*03° 

Cu 5105 

487*45° 

467*44° 

40*01* 

Cd 6438 

50*49 

50*45 

40*04 

Cd 5086 

88*17 

88*25 

-0*08 

Zn 6364 

51*92 

51*80 

40*12 

Zn 4811 

101*50 

101*54 

-0*04 

Li 6104 

57*00 

57*02 

-0*02 

Cd 4800 

102*00 

102*13 

-0*13 

Na 5893 

61*90 

61*88 

40*02 

Zn 4722 

106*49 

106*54 

-0*05 

Cu 5782 

64*74 

64*71 

40*03 

Cd 4678 

108*93 

109*16 

-0*23 

Hg 5780 

* 64*75 

64*76 

-0*01 

Li 4602 

113*97 

113*93 

40*04 

Cu 5700 

67*05 

66*93 

40*12 

Hg 4359 

131*73 

131*75 

-0*02 

Ag 5469 

73*85 

73*88 

-0*03 

Fe 4157 

150 

150-3 

- 0-3 

Hg 5461 

74*15 

74*15 


Fe 4064 

160 

160-3 

-0*3 

Cu 5219 

82*83 

82*79 

40*04 

Fe 4046 

162 

162-4 

- 0-4 

Ag 5209 

83*15 

83*18 

-0*03 

Fe 3978 

171 

170-6 

4 0-4 

Cu 5154 

85*38 

85*39 

-0*01 






(b) Second Series. 10 G. of C 8 H 8 0 7 in 100 c.c. of solution. 

> x8*354 

Length of tube = 4 dcm. a = 04[a], Simple formula [a x ] = ^a ~o T fig07 



A. 

a. 

[a] obs. [aj calc. 

[«]- 

l>i}- 

A. 

a. 

[a] obs. 

Oil 

calc. 

M- 

C“J- 

Cd 

6438 4 20*20° 

450*50° 

4 50*45° 

40*05° 

Cd 5086 

35*29° 

88*23° 

88*25° 

—0-02' 

Zn 

6364 

20*72 

51*80 

51*80 

4 

Zn 4811 

40*61 

101*52 

101*54 

-0-02 

Na 

5893 

24*79 

61*97 

61*88 

40*09 

Cd 4800 

40*82 

102*05 

102*13 

-0-08 

Cu 

5782 

25*88 

64*70 

64*71 

-0*01 

Zn 4722 

42*62 

106*55 

106*64 

+0-01 

Hg 

5780 

25*92 

64*80 

64*76 

40*04 

Cd 4678 

43*60 

109*00 

109*16 

-0-16 

Cu 

6700 

26*77 

66*93 

66*93 

± 

Hg 4359 

52*70 

131*75 

131*75 

4 

Ag 

5469 

29*52 

73*80 

73-88 

— 0*08 

Fe 4072 

64 

160 

159-4 

4 0-6 

Hg 

5461 

29-66 

74*15 

74*15 

4 

Fe 4046 

65 

162-5 

162-4 

4 0-1 

Cu 

5219 

33*12 

82*80 

82*79 

40*01 

Fe 3978 

68-2 

170-5 

170-6 

- 0-1 

Ag 

5209 

33*25 

83*13 

83*18 

— 0*05 

Fe 3879 

73-5 

183-7 

183-9 

-0-2 

Cu 

5154 

34*16 

85*40 

85*39 

40*01 

Fe 3860 

74-8 

187 

186-7 

4 0-3 

Cu 

5105 

34*97 

87*43 

87*44 

-0*01 







Table III. 

The Rotatory Dispersion of Diacetyltartaric Anhydride in Ethyl 

Acetate at 20°. 


8-260 G. of C 8 H s O, in 100 c.c. of solution. 

I 12*177 

Length of tube = 4 dcm. a — 0*33[a]. Simple Dispersion [aj — __ q.qsYo 



A* 

a. 

[a] obs. 

[aj calc. 

M- 

K3* 

A. 

cu 

[a] obs. 

0,1 

calc. 

[«]- 

M* 

Cd 

6438 411*26° 

434*12° 4 34*06° 

40*06° 

Cu 5105 

19*79° 

59*97° 

59*81° 

40*16° 

Zn 

6364 

11*64 

35*27 

34*99 

40*28 

Cd 5086 

19*98 

60*54 

60*38 

40*1® 

Na 

5893 

13*80 

41*82 

41*95 

-0*13 

Zn 4811 

23*20 

70*30 

69*80 

40-50 

Cu 

5782 

14*55 

44*09 

43*91 

40*13 

Cd 4800 

23*11 

70*03 

70*22 

-0*19 

Hg 

5780 

14*58 

44*18 

43*95 

40*23 

Zn 4722 

24*30 

73*63 

73*37 

40*26 

Cu 

5700 

14*95 

45*30 

45*45 

-0*15 

Hg4359 

30*23 

91-61 

91-55 

40*06 


5469 

16-54 

50*12 

60*30 

-0*18 

Fe 3978 

40-0 

Z21-2 

no-s 

40*? 

5461 

16*66 

50*48 

50*48 

db ' 

Fe 3720 

50-0 

152-5 

149-6 

4£# 

Cu 

5219 

18*66 

56*54 

56*54 

rh 

Fe 3609 

55-0 

166-7 

266-2 

40-5 

Ag 

5209 

18*77 

56*88 

56*81 

40*07 
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in about 16 days. Thus, since the proportion of acid to anhydride 
could be readily calculated at any moment, attempts were made to 
measure the reaction velocity coefficient. The results (Table IV) 
show that after a short period of induction (about 10—12 minutes) 
the reaction approximates more closely to the unimolecular than 
to the bimolecular type, but the agreement is not wholly satis¬ 
factory, since after 2 or 3 days the values of 7c' fall ofl rapidly. 
This fact, taken in conjunction with the gradual increase of lsevo- 
rotation with increasing amounts of water (Table I), leads us to 
conjecture that there are probably two reactions taking place 
simultaneously or consecutively, viz. (1) opening of the anhydride 
ring and (2) association of anhydride or of acid with water. Previous 
attempts to measure the reaction velocity (Deakin and Rivett, J., 
1912, 101, 127) of this compound by conductivity measurements 
in aqueous solutions failed on account of the rapidity of hydration 
of the anhydride. We also made observations of mutarotation 
with larger amounts of water, but these are reserved for further 
investigation. 

Table IV. 

The Mutarotation of Diacetyltartaric Anhydride in Wet Acetone at 20°. 

10 G- of C 8 H a 0 7 -f- 0*85 g. (1 mol.) of H 2 0 in 100 c.c. of solution. 


Length of tube 4 dem. Values of the velocity coefficients, k' (unimolecular) 
and k” (bimolecular), are calculated for [ikT] 5d61 . 

Intervals 


(mins,). 

a 5JS0* 

a 5461* 

a 435fl* 


h' X 10 6 . 

k" x 10°. 

. — 

4-25-92° 

-{-29*66° 

4-52-70° 

4-160-16° 

— 


5 

25-81 

29-50 

— 

159*30 

746 

747 

9 

25-81 

29-50 

52*35 

159-30 

414 

415 

12 

25-75 

29-47 

— 

159*14 

369 

370 

27 

25-75 

29-22 

— 

157-79 

382 

384 

60 

25-15 

28-75 

— 

155-25 

358 

362 

120 

24-40 

27-87 

49*10 

150-50 

366 

364 

180 

23*56 

26*84 

47*65 

144-94 

378 

392 

260 

22-55 

25-55 

45*43 

137-97 

388 

409 

750 

17-10 

19-52 

33*55 

105-41 

361 

414 

990 

14*69 

16*58 

28*88 

89-53 

369 

445 

1590 

9-13 

10-42 

16-75 

56-27 

376 

514 

2310 

4-21 

4-75 

6*75 

25*65 

378 

603 

2700 

2-38 

2*50 

2*50 

13*50 

373 

644 

2940 

4~ 1*41 

4- 1*45 

4- 0*45 

7-83 

366 

658 

3060 

4- 0-82 

4- 0*75 

- 0*75 

4-05 

368 

681 

3180 

4- 0*29 

-f 0-23 

— 1*70 

4- 1*19 

363 

682 

3690 

- 1*35 

- 1-64 

- 5*22 

- 8-86 

356 

739 

4320 

- 2-87 

- 3-44 

- 8*69 

— 18*58 

344 

792 

5640 

- 5-38 

- 6*44 

-13-75 

- 34-78 

329 

958 

7200 

- 7-10 

- 8*38 

-17*25 

- 45-25 

305 

1114 

13 days 

-10-91 

-12*87 

-25*75 

- 69*50 

274 

9081 

oo 

-11-23 

-13-12 

-26*43 

- 70*85 

— ' 



The Slow Mutarotation of Diacetyltartaric Acid in Aqueous Solu¬ 
tion .—A solution of diacetyltartaric anhydride (10 g.) in warm water 
was cooled and made up to 100 c.c, at 20°, The anhydride was hydro- 
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Table V. 


Molecular Rotation Constants and Anomalies during the Muta- 
rotation of Diacetyltartaric Anhydride . 




[■M ] = 

_ h _ 


k t 





- 0-0507 A 2 

- 0-0833 * 



Curve Intervals 



Xp. 

\ 

Xcr • 

Dispersion. 

No. 

in hours. 



Reversal. Maximum. Inflexion. 

Simple 

I 

— 

39-645 

0 

— 

— 

— 

r n 

38* 

16-560 

8-868 

0*3476 

0*4151 

0*4733 

Complex | 

HI 

45 

14-475 

9-669 

0*3858 

0*4786 

0*5565 

and i 

IV 

49 

13-502 

10-043 

0-4218 

0*5363 

0*6305 

anomalous 

v 

51 

12-854 

10*292 

0*4628 

0*6159 

0*7118 

1 

l VI 

53 

12-372 

10*477 

0*5134 

0*6783 

0*8096 

Complex 
and normal 

VII 

61£ 

10-639 

11*143 

— 

— 

— 

Simple 

VIII 

00 

0 

15-230 

— 

— 

— 


lysed almost immediately to diacetyltartaric acid, the first reading 
(after an interval of 45 minutes) giving a value — 13*36° for Hg 5461 
in a 4-dcm. tube. On standing, slow mutarotation took place, 
the readings for the mercury yellow, green, and violet lines becom¬ 
ing positive after 19, 20, and 33 days respectively. Thus the 
rotatory dispersion became anomalous owing to the slow liberation 
of tartaric acid. Results are set forth in Table VI. 


Table VI. 

„ The Slow Mutarotation of Diacetyltartaric Acid in Aqueous 

Solution at 20°. 


10 G. of C 8 H 8 0 7 (anhydride) in 100 

c.c. of solution. 

i - 4. 


Intervals. 

a 5780* 

a B4Gl* 

a 4359* 

Intervals. 

a 5780* 

a 54Bl* 

a 43 55). 

45 mins. 

-11-43° 

-13-36° 

-25*79° 

31 days 

+ 1*31° 

+ 1*38° 

—0*27 c 

15 hrs. 

-10*29 

-11-77 

-23*32 

33 


4*1*78 

+ 1*66 

+ 0*36 

17* „ 

- 9*97 

-11-57 

-22*79 

38 


4-1*90 

+ 1*92 

+ 1*07 

21i „ 

- 9*74 

— 11*18 

-22-02 

42 


4*2*24 

+ 2*34 

+ 1*43 

38£ „ 

- 8*88 

-10-03 

-19-92 

45 

tr 

+ 2*48 

+ 2*59 

+ 1*64 

62J .. 

- 7*00 

- 8-29 

-17*22 

48 


+ 2*54 

+ 2*69 

+ 1*88 

116 „ 

- 5*07 

- 5-96 

-11*75 

56 

»» 

+ 2*91 

+ 3*13 

+ 2*90 

184 „ 

- 3*32 

- 3*96 

- 9*68 

59 


+ 3*13 

+ 3*34 

+ 3*05 

15 days 

- 0*69 

- 1-00 

- 4*79 

62 


+ 3*17 

+ 3*37 

+ 3*37 

20 „ 

+ 0* 18 

- 0-04 

- 3*03 

71 


+ 3*48 

+ 3*62 

+3*46 

26 „ 

+ 0-83 

+ 0-81 

- 1*37 







The Preparatim of Diacetyltartaric Acid , 

OMg'OO’U’OJtl’OOgli 

A solution in which mutarotation of the anhydride was complete 
was allowed to evaporate in a vacuum desiccator. The colourless 
syrup obtained (in one case only this crystallised on long standing) 
was dissolved in hot benzene, in which it was only slightly soluble, 
and the solution was allowed to remain in the desiccator. The 
soft, large, transparent crystals that formed slowly smelled of 
benzene and soon became opaque when the solvent was decanted; 
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(Found by titration with KOH : equiv., 174*3. C 8 H 10 O 8 + 1|C 6 H 6 
requires equiv., 175*5). When the crystals were heated at 85° for 
15—20 minutes and crushed, the smell of benzene was removed 
(Found : equiv., 116*8. C 8 H 10 O 8 requires equiv., 117*0). The sub¬ 
stance, m. p. 118°, was therefore pure. A solution in dry acetone 
containing 10*8336 g. (equivalent to 10 g. of anhydride) in 100 c.e. 
was lsevorotatory and the dispersion simple. The readings corre¬ 
sponded exactly with the final readings obtained in the mutarotation 
of an equivalent quantity of the anhydride in acetone containing 
water (1 mol.). The results are set forth in Table VII. 


Table VII. 

Rotatory Dispersion of Diacetyltariaric Acid in Acetone at 20°. 

10*8336 G. of C 8 H 10 O 8 (equiv. to 10 g. of C 8 H s O ? ) in 100 c.c. of 
solution. I — 4. 

Simple formula [ej = = 5 ' 4a ‘ 

A. a. [a] obS. [aj] calc, [a]—[a,]. A. a. [a] obs. [a,] calc, [a]—[a,J. 

LI 6708 — 7-72° —17*81° -17-75° —0-06° Cu 5105 -15-89°-36-67°—36-70° +0-03° 
Cd 6438 — 8-52 -19-66 -19-65 —0-01 Cd 5086 -16-07 -37-08 —37-11 +0-03 

Zn 6364 — 8*74 —20*17 -20-23 +0-06 Zn 4811 —19-00 -43-84 —43*92 +0-08 

Li 6104 — 9*75 —22*50 -22-50 ± Cd 4800 -19*18 -44-26 —44*24 —0*02 

Na 5893 —10*65 —24*57 -24-65 4-0-08 Zn 4722 -20-15 —46*50 -46-59 4-0*09 

Cu 5782 —11*21 —25*87 —25*92 4-0-05 Cd 4678 -20-84 -48-09 —48*02 —0*07 

Hg 5780 —11*23 —25*91 -25-95 4-0-04 Li 4602 -22-07 -50-93 —50*65 —0*28 

Cu 5700 —11*64 —26*86 -26-93 4-0*07 Hg 4359 —26*43 —60*99 —60*99 ± 

Ag 5469 —13-08 -30-18 -30-15 —0 03 Fe 4132 -32-5 —75 0 —74*4 —0*6 

Hg 5461 —13*12 —30*28 —30*28 ± Fe 4046 —36 —80*8 —80-9 +0-1 

Cu 5219 —14*89 —34*36 —34*42 4-0-06 Fe 3978 -37-5 —86*5 —86*8 + 0*3 v 

Ag 5209 —14*98 —34*57 —34*61 +0*04 Fe 3879 —42 —96*9 —96*9 ± 

Cu 5154 -15-48 —35*72 —35*69 —0*03 

We are indebted to the Government Grant Committee of the 
Royal Society for a substantial grant for the purchase of the 
necessary apparatus. We are also indebted to Prof. T. M. Lowry, 
C.R.E., F.R.S., for his criticism of this paper. 

Westminster. Training College, 

130 Horseferry Road, S.W. I. [Received, April 30 th, 1925,] 


CCLIX .—The Chemistry of Petroleum. Part II. The 
Action of Sodium Hypochlorite on Sulphur Com¬ 
pounds of the Types found in Petroleum 
Distillates. 

By Stanley Francis Birch and Woodeord Stanley Gowan 
Plucknett Norris. 

Tbg& of petroleum distillates by the “ hypochlorite process ” 

asBrooks {Ind. Eng . Chem., 1922, 14,. 
1112), which involves the oxidation of the offensive sulphur com- 
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pounds by means of an alkali hypochlorite, has not only been adopted 
as a standard method of treating the light distillates from Persian 
petroleum, but is rapidly becoming more generally used throughout 
the petroleum industry. For this reason, and more particularly 
because misleading statements reflecting unfavourably upon the 
efficiency of this process have appeared in the technical literature, 
it was of obvious importance to investigate the mechanism of the 
oxidation. In the present paper we describe the action of sodium 
hypochlorite solution on petroleum solutions of representative 
members of the types of sulphur compounds which occur in the 
soda-washed distillate (see Part I, this vol., p. 898). 

Observations relevant to this subject have been made by Water¬ 
man and Heimal (J. Inst. Pet . Tech., 1924, 46, 812). Under the 
conditions they employed, diphenyl sulphide, ethyl mercaptan, 
carbon disulphide, diphenylsulphone, diethylsulphone, and ethyl 
thiocyanate were “ completely removed ” from petroleum solution, 
whilst phenyl mercaptan, diethyl sulphide, phenylthiocarbimide, 
phenylthiocyanate, and diphenyl sulphoxide were “ substantially 
removed.” Organic disulphides were not examined, nor were any 
of the oxidation products investigated. Wood, Lowy, and Faragher 
% (Ind. Eng. Chem., 1924, 16, 1116) state quite definitely that alkyl 
sulphides, alkyl disulphides, and thiophen are not attacked by sodium 
hypochlorite solution. They also state that mercaptans are simply 
converted into the disulphides, which remain dissolved in the solvent 
employed; that they obtained no evidence of chemical action 
between the aqueous reagent and free sulphur, sulphoxides, or 
sulphones; and that hydrogen sulphide is oxidised to free sulphur 
and water, whilst carbon disulphide is converted into sodium 
carbonate and sodium sulphate. 

The discrepancies between the two sets of results have made it 
necessary to investigate the subject anew. 

It may be stated at once that all the mercaptans, organic sulphides, 
and organic disulphides which we have examined are quantitatively 
oxidised by sodium hypochlorite, the reaction proceeding quite 
readily provided a suitably active solution is employed, whilst 
thiophen and elementary sulphur remain unattacked. 

The greater the tendency of a solution of sodium hypochlorite 
to decompose spontaneously the greater, naturally, will be its 
reactivity towards oxidisable compounds. Kaufmann (Z. cmgew. 
Chem., 1924, 37, 364), who considers the active agent in hypo¬ 
chlorite solutions to be free hypochlorous acid, OCT + H 2 0 
HOC1 + OH', has shown that the velocity of spontaneous decom¬ 
position of aqueous sodium hypochlorite is inversely proportional 
to the concentration of hydroxyl ions, and that the fraction of the 
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total hypochlorite ions destroyed in unit time is independent of the 
actual concentration of hypochlorite. Thus the reactivity of a 
solution of sodium hypochlorite should he increased by dilution 
and decreased by the addition of free alkali, conclusions which have 
been independently reached in studying the interaction of this 
reagent and various compounds of sulphur. It is for this reason 
that, in stating certain derivatives of sulphur to be readily oxidised 
by hypocblorite, we have also stated that the latter must be 
“ suitably active.” 

The organic solvent used was a special fraction of petroleum, 
b. p. 100—175°, which had been freed from aromatic compounds by 
shaking with a large excess of concentrated sulphuric acid, and 
afterwards thoroughly washed with a solution of sodium hypo¬ 
chlorite ; the sulphur content was thereby reduced below 0*005%.* 
To the petroleum thus purified, the various sulphur compounds 
were added in amounts sufficient to give solutions containing from 
0*6% to 0*9% S. The solutions of sodium hypochlorite were 
prepared by leading chlorine into an aqueous solution of pure 
sodium hydroxide until the free alkali had been reduced to a 
predetermined amount; greater alkali content could then be 
obtained by adding solid sodium hydroxide, without appreciably 
altering the amount of available chlorine. The latter was deter¬ 
mined by adding acetic acid and potassium iodide and titrating the 
liberated iodine. For the estimation of free alkali, the hypochlorite 
was first decomposed by boiling with hydrogen peroxide; the 
cooled liquid was then titrated with hydrochloric acid, with methyl- 
orange as indicator, and, the quantity of sodium carbonate being 
quite small, the result calculated as sodium hydroxide (vide infra , 
p. 1942). 

It was usual to shake 25 c.c. of the analysed reagent with 25 c.e. 
of the standard solution of sulphur compound in a bottle closed by 
means of a cork covered with tin-foil. A mechanical shaker was 
used, the speed being maintained constant throughout this research. 
After a period of shaki n g previously decided upon, the petroleum 
layer and the aqueous liquid were separated, and analysed. 

Organic Sulphides. 

Since no complication arises from the formation of acidic oxidation 
products, it i$ convenient to consider first the interaction of aqueous 

* All es tim a t ions of sulphur in petroleum were carried out by means of the 
lamp method. 

We wish here to thank MissG. E. Hickes and Mr. D. Carter, of the Analytical 
Department, for carrying out the numerous estimations which this research 
has entailed. 
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sodium hypochlorite and a petroleum solution of an organic sulphide. 
The latter is converted quantitatively into the corresponding 
sulphone. Not even traces of any intermediate compound (i.e., 
a sulplioxide) could be isolated, nor does hypochlorite appear to 
exert any further action on sulphones; in fact, the available chlorine 
used up generally corresponds very closely with four atoms per 
atom of sulphur oxidised. The reagent does not become appreciably 
less alkaline during this reaction. 

Kahlbaum’s diethyl, di-n-propyl, diisobutyl, and diisoamyl 
sulphides were employed without further purification. In the case 
of diethyl sulphide, at the conclusion of the reaction, the aqueous 
liquid was evaporated and the residue extracted with chloroform; 
the diethylsulphone, m. p. 70°, obtained from the extract in 75% 
yield, was identified by comparison with a genuine specimen. The 
higher sulphones, which are more soluble in petroleum than in 
water, were prepared in yields of over 70% by shaking the corre¬ 
sponding sulphides with aqueous sodium hypochlorite alone; the 
resulting oils were taken up in chloroform, and after drying over 
calcium chloride, the solvent was removed, and the residue distilled. 
Dmobutylsulphone and dhsoamylsulphone have b. p. 263° and 296° 
respectively (both with slight decomposition) (Beckmann, J. pr. 
Ghem 1878,17, 448, gives b. p. 265° and 295° respectively.) 

The effect of alkalinity upon the rate of oxidation of the sulphides 
was tested by means of eight solutions of sodium hypochlorite which 
contained 8*42% of available chlorine, but in which the alkalinity 
(calculated as sodium hydroxide) varied from 0*22% to 6*64%. 
Solutions of diethyl, di-n-propyl, dhsobutyl, and diisoamyl sulphides 
were employed, having sulphur contents of, respectively, 0*736, 
0*864, 0*912 and 0*875%. Preliminary experiments led us to adopt, 
for the times of shaking, 15, 30, 120, and 240 minutes, respectively. 
The results are summarised in Table L 

Table L 

Available chlorine in reagent = 8*42%. 



Diethyl 

Di*n- 

•propyl 

Ditsobutyl 

Dmoamyl 

Free 

sulphide. 

sulphide. 

sulphide. 

sulphide. 

alkali 

<-*• 

-- 

✓- 

-", 

■ /■ -. 

— 

r -. 1 

1 *> 

%* 

«. 

X . 

n. 

X . 

n , 

X. 

n. 

x . 

0-22 

4*08 

Nil 

4*17 

0*04 

3*81 

0*58 

3*94 

0*86 

0*37 

4*26 


4*28 

0*04 

3*64 

0*56 

3*53 

0*82 

0*54 

4*18 


4*27 

— : 

3*37 

0*78 

2*68 

0*81 

0*91 

4*24 

if 

4*16 

0*05 

2*33 

0*62 

1*87 

0*83 

1*48 

4*14 

M 

3*91 

0*09 

1*68 

0*56 

1*28 

6*78 

2*87 

4*15 

$9 

3*05 

0*25 

0*87 

0*74 

0*88 

0*82 

4*14 

4*14 


2*00 

0*43 

0*62 

0*86 

0*74 

0*84 

6*64 

4*02 


1*08 

0*72 

0*45 

0*85 

0*84 

0*84 


n — atoms o£ available chlorine absorbed, per atom of sulphur present* ; 
x = % sulphur in residual petroleum. : V v ; 



1938 


BIRCH AND NOEKIS *. 


Diethyl sulphide was always completely oxidised after 15 minutes; 
since diethylsnlphone is much more soluble in water than in 
petroleum, the latter was invariably free from sulphur. It was, 
however, possible to demonstrate the retarding effect of sodium 
hydroxide on the oxidation of diethyl sulphide by using a solution 
of hypochlorite which contained 204% of sodium hydroxide and 
7*89% of available chlorine; after 15 minutes, only 21*1% of the 
sulphide had been oxidised, and even after 60 mi nutes 9 shaking 
still only 53-4% had been removed. The inhibiting influence of the 
free alkali is more noticeable in the oxidation of the higher sulphides. 
Thus, with di-w-propyl sulphide there is a gradual diminution in 
the extent of oxidation, a correspondingly increasing quantity of 
sulphur remaining in the petroleum. In the case of diisobutyl 
and diisoamyl sulphides, the figures for the residual sulphur in 
the petroleum are irregular; this has been traced to the existence 
of a partition of the resulting sulphones between the aqueous 
reagent and the organic solvent. It was usual, before proceeding 
to the analysis of the petroleum layer, to wash it once or twice with 
a small quantity of sodium hydroxide solution to remove any free 
hypochlorous acid; in consequence, varying quantities of the 
higher sulphones were dissolved from the petroleum. This has been 
confirmed, for by washing petroleum solutions of dhsobutyl- and 
diisoamy 1- sulphones several times with water the sulphur content 
of the petroleum was reduced. Any of the sulphides dealt with was 
rapidly oxidised by a dilute, faintly alkaline, solution of sodium 
hypochlorite. It is evident that even using so strongly alkaline a 
solution as one containing 6*64% of free alkali, the reaction between 
aqueous sodium hypochlorite and a dialkyl sulphide may be said to 
proceed quite readily by comparison with the prolonged reactions 
which are so common in synthetic organic chemistry; and even with 
a reagent containing 20% of free alkali the reaction with diethyl 
sulphide is still obvious and could scarcely fail to be detected. In 
fact (vide supra), this reaction offers a very convenient method for 
the preparation of sulphones. 

; ' Organic Disulphides . 

Diethyl and diisopropyl disulphides were quite readily freed from 
traces of the mercaptan or sulphide by fractional distillation. Their 
behwiour towards aqueous sodium hypochlorite is evidently typical 
of' foe disulphides, since parallel results were obtained in the two 
cases. 

The primary oxidation products from diethyl disulphide, unlike 
the product from a sulphide, are acidic, i.e., ethanesulphonic acid 
together with a smaller quantity of sulphuric acid; these appear as 
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sodium salts, and therefore the alkalinity of the aqueous phase is 
gradually reduced. Since the sulphonic acid (as its sodium salt) is 
not attacked by hypochlorite, the sulphuric acid is formed directly 
from the disulphide: 

Na 2 S0 4 H 2 S0 4 R 2 S 2 -> R-S0 3 H R-S0 3 Na. 

The gradual removal of the alkali hydroxide makes it necessary, 
in describing the effect of alkalinity on the reaction, to distinguish 
two somewhat different cases. (1) The free alkali present is more 
than equivalent to the total possible acid products; the reagent will 
always remain alkaline. (2) The free alkali is less than equivalent 



to the total possible acid products; if the reaction is continued long 
enough, the reagent will become acidic. The reaction in the first 
case may be described as the normal one; plotting the atoms of 
available chlorine absorbed, per atom of sulphur, against time, 
curves are obtained, of which (i), for a strongly alkaline, and (ii), 
for a weakly alkaline reagent, are typical. The influence of the added 
alkali hydroxide is very marked. If? however, the alkalinity of the 
reagent is so chosen that it falls into the second class, the additional 
complication causes the curve to assume quite a different form (iii). 
The initial part of the reaction takes the normal course until the 
acidic primary products have completely neutralised the free alkali 
present; at that point (*) there occurs a very rapid absorption of 
available chlorine until the sulphur compound is entirely removed 
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from the petroleum solution; the reaction then tails off and only a 
slow spontaneous decomposition of the residual dilute acid hypo¬ 
chlorite continues to take place. 

Table II. 


Diethyl disulphide. S = 0*63%. 25 C.c. 



Sodium hypochlorite solution A 

Sodium hypochlorite solution B 


(Cl = 

5*43 %; “NaOH” = 

* (Cl = 5*33%; “ NaOH 

' '? _ 

Time of 


0*38%). 25 c.c. 

0-73%). 25 c.c. 


shaking. 

/ — 


■ 

- ^ 

Mins. 

d. 

n. x. t 

d. 7i. 

x. 

15 

0-32 

0-78 0*57 

— — 

— 

30 

0-26 

1-59 0-48 

0-66 0*93 

0*95 

45 

0*09 

2-76 0-35 

— — 

— 

60 

Nil 

5*88 Nil 

0-57 2*10 

0*47 

75 

. >» 

5*90 

— — 

— 

90 


5-91 

0*50 3*07 

0*37 

105 

»» 

5*98 

— — ■ 

— 

120 

»!* 

6-15 

0*47 3*76 

0*29 

150 



0*45 4*17 

0*26 

ISO 

— 

— , — 

0*41 4*62 

0*20 


d =s % ei free alkali ** in residual aqueous reagent*, n — atoms of available 
chlorine absorbed per atom of sulphur present, x — % sulphur in residual 
petroleum. 


A considerable evolution of heat occurred at and immediately 
after the point in the reaction marked with an asterisk; the oxidation 
at this stage was so rapid that a sample of the reagent corresponding 
with the points intermediate between this and the completion of the 
reaction could not be isolated. 

It must be noted that even 20% of sodium hydroxide does not 
completely inhibit the oxidation of a disulphide by means of aqueous 
sodium hypochlorite. 

Sodium ethanesulphonate was identified as a product of the 
oxidation of diethyl disulphide as follows. The disulphide, dissolved 
in petroleum, was shaken with a faintly alkaline solution of sodium 
hypochlorite in slight excess, until the mixture had become warm 
and had commenced to cool again. The aqueous liquid was warmed 
and treated with sulphur dioxide to decompose any residual hypo¬ 
chlorite and any sodium chlorate present. After adding an excess 
of hydrochloric acid, the excess of sulphur dioxide was expelled by 
boiling, and the solution neutralised, and evaporated to dryness. 
Sodium ethanesulphonate, mixed with sodium chloride, was 
extracted by means of absolute alcohol from the residue, dried at 
110°. The pure salt was obtained after repeated crystallisation 
from absolute alcohol until it no longer contained chlorine (Found : 

Calc.Na, 17-5%). 

A portion of the aqueous layer from the oxidation was boiled 
, with ammonia, and hydrochloric acid and barium chloride were 
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added; on boiling, a white precipitate of barium sulphate was 
obtained. 

Mercaptans. 

Ethyl mercaptan was used for these experiments; results obtained 
with isopropyl and isobutyl mercaptans indicated that the reactions 
followed the same course. 

The mercaptans, before being fractionally redistilled, were washed 
with a small quantity of sodium hydroxide solution to remove any 
hydrogen sulphide. 

The apparent course of the reaction between sodium hypochlorite 
and ethyl mercaptan depends greatly upon the alkalinity of the 
reagent. The first action leads simultaneously to the formation 
of ethanesulphonic acid, sulphuric acid, and diethyl disulphide; 
the last, if the reagent is sufficiently reactive, is destroyed as it is 
formed, the acids (as their sodium salts) being the only products. 
But with a more stable solution of hypochlorite a much slower 
decomposition of the disulphide occurs, and this substance then 
appears as the chief product, accompanied by smaller quantities 
of the acids, which have been formed, for the most part, by direct 
oxidation of the mercaptan. The first part of the reaction, in which 
the mercaptan itself takes part, does not appear to be affected by 
the alkalinity of the reagent, whilst the factors which influence the 
destruction of the resulting disulphide are those which govern the 
normal interaction of this type of compound with sodium hypo¬ 
chlorite (vide supra). ' . 

x H 2 S0 4 \ 

R-SH—-— ^RoS, 

\ / 

^r-so 3 h^ 

The proof that ethanesulphonic and sulphuric acids are formed 
concurrently with the disulphide is as follows : A solution of ethyl 
mercaptan containing 0*715% of sulphur and a solution of sodium 
hypochlorite containing 5*3% of available chlorine and 27*7% of 
sodium hydroxide being used, after 15 minutes 4*8 atoms of chlorine 
per atom of sulphur had been taken up, simple conversion to the 
disulphide requiring only one, and this figure did not appreciably 
increase after a further 45 minutes 5 agitation. This shows quite 
clearly that diethyl disulphide, once it is formed, is not appreciably 
attacked by hypochlorite having the alkalinity mentioned ; this was 
confirmed by treating a solution of diethyl disulphide with the same 
reagent, when, even after 2 hours, only 0*4 atom of chlorine per atom 
of sulphur had been absorbed. 

The influence of alkali hydroxide upon the extent of oxidation of 
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ethyl mercaptan during a fixed time of shaking is exhibited in 
Table III. 

Table III. 

Ethyl mercaptan solution : S = 0*715%. 

Available chlorine = 8*42%. Time of shaking : 15 mins. 


Free alkali % .. 0-22 0*37 0*54 0-91 1*48 2*86 4*14 6*64 

Atoms Cl absorbed/ 

atom S. 7*34 7*13 6-58 6*19 5*89 5*43 5*17 5*14 

% S in residual 

petroleum . Nil Nil 0*03 0*11 0*12 0*14 0*15 0*19 


Ethanesulphonic acid was identified in the manner described 
above; the sodium salt was analysed (Found : Na, 174%). Sul¬ 
phuric acid was identified as before. Diethyl disulphide was isolated 
from the petroleum at the conclusion of the reaction; the yield, 
however, never exceeded approximately 50%. 

The Influence of Sodium Carbonate and the Effect of Dilution . 

Solutions of sodium hypochlorite invariably contain sodium 
carbonate in addition to sodium hydroxide, sodium chloride, and 
sodium chlorate. 

During the earlier experiments, estimations were made of the 
actual sodium hydroxide, as well as of sodium carbonate, in the 
aqueous reagent. The experimental procedure thereby involved 
made it, however, very inconvenient to carry out a sufficient number 
of experiments during many of the more rapid oxidations. In 
seeking a more simple method for determining the alkalinity of the 
hypochlorite, it was therefore necessary to ascertain whether sodium 
carbonate has any appreciable effect upon the reactivity of the 
reagent. For this purpose, the reaction with diethyl disulphide was 
chosen, as being the most sensitive towards the influence of added 
alkali. The results are summarised in Table IV, in which a compari¬ 
son is drawn between the course of the reaction between a standard 
solution of diethyl disulphide and (i) a weakly alkaline solution of 
sodium hypochlorite, (ii) the same solution after the addition of solid 
sodium carbonate. 

These figures do not show any detectable increase in stability 
brought about by the addition of sodium carbonate. This is scarcely 
surprising, since no appreciable alteration is produced in the con- 
eentration of hydroxyl ions by adding sodium carbonate to a solution 
already containing a comparatively large quantity of sodium 
Iiydrapdo, 

li was, in consequence, possible to adopt quite a simple method 
for defeermining the alkalinities of a series of reagents. The object 
of these analyses was twofold; the decrease in the alkali present 
before tod after a reaction gave a measure of the acid products, 
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Table IV. 


Diethyl disulphide solution : S = 0*631%. 25 C.c. taken. 


Time of 
shaking. 

Sodium hypochlorite 
solution “ A ” (Cl = 
5-43%; “NaOH” = 
0-38%). 25 c.c. 


Solution “ A ” plus solid sodium 
carbonate (Cl = 5*33%; “ NaOH 
= 0*38%; *Na 2 CO a = 0-37%). 

1 — 1 ^ 


/ 



Mins. 

d. ft. x. 


d. 

ft. as. 

0. 

15 

0-32 0*78 0-57 


0*71 

0*67 0*57 

2*59 

30 

0-26 1*59 0-48 


0*64 

1*49 0*51 

3*24 

45 

0-09 2*76 0*35 


0*59 

2*20 0*42 

7*09 

60 

Nil 5*88 Nil 


— 

— — 

— 

75 

„ 5*90 


0*20 

5*71 Nil 

6*88 

90 



0*20 

5*73 

6*62 

105 

„ 5*98 


— 


— 

120 

„ 6*15 


— 

— — 

— 

Time of 
shaking. 

Solution “ A.” 25 c.c., 

25 c.c. of water. 

, plus 

Solution “ A.” 25 c.c., plus 

100 c.c. of water. 

/ 


r 


-N 

Mins. 

d. ft. 

X. 

d. 

ft. 

3J» 

15 

0*13 2*95 

0-35 

Nil 

5*45 

0*02 

30 

Nil 5-78 

Nil 

»» 

5*53 

Nil 

45 

„ 5-80 

»> 


— 

— 

60 

„ 5*88 

** 

— 

— 

— 

75 

„ 5*90 

*» 

— 

— 

— 


d — % “ free alkali ” in residual aqueous reagent. 
n — atoms of available chlorine absorbed per atom of sulphur present. 
x =* % sulphur in residual petroleum. 

J3 = % of total sulphur which appears as sulphuric acid. 

* Calculated as sodium hydroxide. 


whilst the alkalinities of a series of reagents formed an indication of 
their reactivities. The solutions all contained approximately the 
same concentration of sodium carbonate, present as impurity in the 
weakly alkaline solution of sodium hypochlorite to which varying 
quantities of solid sodium hydroxide had been added. Since 
differences in alkalinity were to be compared, as distinct from the 
actual hydroxyl-ion concentrations, the alkalinity was estimated, 
after destroying the hypochlorite by means of hydrogen peroxide, 
by titration against hydrochloric acid with methyl-orange as 
indicator . Hence curves in which alkalinity is plotted as one of the 
co-ordinates are slightly displaced in a direction parallel to the axis 
of alkalinity; for the present purpose this is immaterial. 

The increase in reactivity brought about by diluting a solution 
of sodium hypochlorite (compare p. 1936) was demonstrated by 
means of the reaction with diethyl disulphide. The reagent used was 
the same solution which had been employed for the experiments with 
sodium carbonate; in one series the solution was diluted to one-half, 
in the second to one-fifth of its original concentration. The results, 
which clearly indicate an increase in the velocity of reaction with 
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decrease in concentration of the sodium hypochlorite, are included 
in Table IV. 

Elementary Sulphur and Hydrogen Sulphides ; Thiophen. 

The observation of Wood, Lowy, and Faragher (loc. cit.) that free 
sulphur is precipitated when hydrogen sulphide reacts with sodium 
hypochlorite, has been confirmed, but evidence of the simultaneous 
production of sulphuric acid has been obtained. This is not formed 
by further oxidation of the elementary sulphur, since the latter has 
been shown to be quite inert towards sodium hypochlorite. 

Thiophen does not react with sodium hypochlorite. 

Our thanks are due to Professor J. F. Thorpe, C.B.E., F.R.S., for 
his kind help and encouragement and to Dr. A. E. Dunstan and Dr. 
F. B. Thole for their interest in the present work, 

Anglo-Persiast Oil Co., Ltd., 

Suottoy-on-Thames. [Received, June 13 th, 1925.] 


CCLX .—The Action of Formic Acid on certain 
Sesquiterpenes. 

By John Monteath Robertson, Carl Aloysitjs Kerr, and 
George Gerald Henderson. 

The experiments described below were undertaken last year as 
part of a larger investigation which is not yet complete, but it 
appears desirable to communicate the results now, in view of the 
interesting work carried out recently by Ruzicka and Capato 
( Relv . Chim. Acta , 1925, 8, 259). 

The action of anhydrous formic acid as a means of effecting 
ring closure in the sesquiterpenes is now well established. Semmler 
and Spornitz {Ber., 1913, 46, 4025) ascertained the transition of the 
aliphatic sesquiterpene from Java-citronella oil into a monocyclic 
isomeride by the action of concentrated formic acid. Ruzicka and 
Capato {loc. cit.) in their synthesis of bisabolene from nerolidol 
have now shown that the action of formic acid in the cold closes 
one ring id the nerolidol structure, whereas, by more prolonged 
action with the same reagent at a higher temperature, the closure 
cl two rings is effected, a hexahydrocadalene being thus produced. 
They also observed the production of alcohols as intermediate 

This reagent may also act in another way, as was shown by 
Waliach iAnmlen % 1896, 289, 337), who found that on refluxing 
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pulegone with anhydrous formic acid for several days, acetone and 
1-methyl-3-cyclohexanone resulted. 

We have investigated the action of anhydrous formic acid on 
the dicyclic sesquiterpenes (•J-caryophyllene and cadinene and on 
the tricyclic sesquiterpene cedrene, and our results support the 
above conclusions with regard to the efficacy of this reagent in 
producing isomeric hydrocarbons and in effecting ring closure. 

From p-caryophyllene we obtained the formic ester, C^HggOg, 
of caryophyllene alcohol, together with a mixture of hydrocarbons, 
probably consisting of clovene and unattacked caryophyllene. 
Since caryophyllene alcohol is a saturated substance and on 
dehydration yields clovene, it is presumably tricyclic. Hence in 
this case the action of formic acid has effected ring closure, the 
sesquiterpene passing from the dicyclic caryophyllene structure to 
the tricyclic clovene structure. 

The chief product from cadinene consisted of a hydrocarbon, 
or a mixture of hydrocarbons, C 15 H 24 , b. p. 118—124°/9 mm ., 
which did not form a stable hydrochloride, together with some 
unchanged cadinene. On heating cadinene in an autoclave, 
Semmler and Jakubowicz ( Ber 1914, 47, 2252) obtained a sub¬ 
stance, b. p. 120—130°, d 0-9025, %> 1-50829, which they considered 
to be a monocyclic sesquiterpene mixed with cadinene. The product 
we obtained agrees closely with the above in its physical properties. 

Cedrene yielded as chief product an isomeric unsaturated hydro¬ 
carbon, b. p. 114—118°/9 mm., some unchanged cedrene, and a 
small fraction of higher boiling point in which the presence of 
alcoholic compounds is suspected. 

Experimental 

Action of Formic Acid on ^-Caryophyllene, —(3-Caryophyllene was 
prepared by fractional distillation under diminished pressure of the 
commercial hydrocarbon which had stood for some time in contact 
with solid potassium hydroxide. The main product had b. p. 
118—119°/9-7 mm., riff 1-5009, dff 0-9052, and gave a practically 
quantitative yield of the crystalline dihydrochloride of (3-caryo- 
phyllene, m. p. 69°; [a]}? 0 + 67*2° in 2-5% ethyl-alcoholic solution. 
Caryophyllene (25 c.c.) was heated under reflux with an equal 
amount of formic acid for several days. A reaction set in at once, 
and when completed the excess of acid was neutralised with sodium 
carbonate, and by extraction of the mixture with ether an oil was 
obtained which after several fractionations yielded a colourless 
liquid, b. p. 141—145°/10 mm., dff 1-22, nf 1-4967, [a]&i - 
Analysis indicated that this liquid was the formic ester of caryo¬ 
phyllene alcohol, C 16 H 25 0(CH0) (Found: C, 76*9; H, 
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C 16 H 26 O s requires C, 76-8; H, 10*4%), and this was confirmed by 
hydrolysis of the ester, when the alcohol was obtained in crystals, 
which, after recrystallisation from ether-light petroleum, melted 
at 96°. The yield of the ester was about 35% of the caryophyllene 
taken. The other fractions of the distillation, b. p. 115—130°/10 
mm., consisted of hydrocarbons. Heating caryophyllene in a 
sealed tube at 200° with anhydrous formic acid for 5 hours did not 
lead to an increased yield of the formic ester. 

Action of Formic Acid on Cadinene. —Cadinene was prepared from 
the dihydrochloride, m. p. 118°, by regeneration with anhydrous 
sodium acetate in glacial acetic acid solution. Equal quantities 
of cadinene, b. p. 134—136°/11 mm., df 0*9189, n 1*5079, 
Mmsi “ 125°, and 99% formic acid were heated together under 
reflux at 100° for 40 hours. The liquid slowly became red. After 
neutralisation, the products were extracted with ether and hydro¬ 
lysed. The final products were distilled under diminished pressure. 
After several distillations two main fractions were obtained: 

(a) *b. p. 118—124°/9 mm. and (b) b. p. 126—134°/9 mm., together 

with some brown resinous substances. The fraction (a) consisted 
of|an unsaturated hydrocarbon, 0*9086, 1*5010 (Found: 

C, 87*3; H, 12*1. C 15 E^ requires C, 88*2; H, 11*85%). The 
fraction (b) consisted chiefly of unchanged cadinene. 

Action of Formic Acid on Cedrene. —Cedrene, purified by dis¬ 
tillation over sodium, b. p. 122—124°/9 mm., d?.' 0*9361, 1*5005, 

was treated with formic acid in the same way as cadinene, and 
the products were worked up as before. After a large number of 
distillations under reduced pressure, the following fractions were 
obtained: (a) b. p. 114—11879 mm., comprising about 50% of 
the product; (6) 118—13079 mm.; (c) 130—135°/9 mm., a small 
fraction. The fraction (a) consisted of an unsaturated hydrocarbon, 
<%' 0*9333, < 14988 (Found: 0, 87-9; H, 11-9. requires 

0, 88-2; H, 11*8%), from which no derivative could be obtained. 
It appears to be trieyhe from its physical constants. The fraction 

(b) consisted chiefly of unattacked cedrene The fraction (c) 
appears from its analysis to contain alcoholic substances as well 
as^hydrocarbons (Found: C, 84*8; H, 11*25%), but only a small 
quantify was available. 

We are indebted to the Carnegie Trust for grants which enabled 
us to cany out this work. 

URivmsrre or Glasgow, {Received, June l&ft, 1925.] 
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CCLXI.— Gryoscofic Measurements with Benzene . 

By Edward Richard Jones and Charles R. Bury. 

The object of the work described in this paper was to see how far 
certain conclusions, reached in the study of nitrobenzene as a solvent 
for cryoscopy, could be applied to benzene, a far more important 
solvent from the point of view of ordinary laboratory practice. 

First, the most important source of error is the change in water 
content of the solvent: this is usually overlooked with benzene, 
but is by no means negligible in accurate work (Sidgwick, J., 1920, 
117, 1340). The difference between the freezing point of dry and 
of wet benzene is 0-097° (Sidgwick, be. cit .; Richards, Carver, and 
Schumb, J. Amer. Chem. Soc 1919, 41, 2024). This error can be 
easily avoided by keeping the solvent in contact with a substance 
the aqueous vapour pressure of which is constant (Roberts and 
Bury, J., 1923, 123, 2037). 

Secondly, the usual van 5 t Hoff formula is strictly true only at 
infinite dilution; with depressions up to about 0-5° the error due 
to the use of this formula is less than the experimental error. At 
greater concentrations, however, far more accurate results may 
be obtained from the formula discussed by Brown and Bury (J., 
1924, 125, 2219): 

At u + At w = h[n u + Cn^l[n u + (1 + C)n v ], 
where A t u is the observed depression, n u and n v are the number of 
mols. of solute and solvent respectively, M w and C are constants 
depending on the degree of moisture of the solvent, i.e., on the 
vapour pressure of the substance with which it is in contact. These 
have been calculated by the method described by Brown and Bury, 
assuming that the freezing point of benzene is a linear function of 
the aqueous vapour pressure (Crowther and Puri, Proc . Boy. Soc., 
1924, A. } 106, 232). For the substances used in this research the 


values are: 

Aq. vap, 
pressure. 

Atu,. 

O. 

Phosphorus pent oxide, alumina... 

0*0 mm. 

0 

0 

Ka 2 S0 4 ,0—XOHgO ... 

4*40 

0*063° 

0*00094 

Water........ 

6*76 

0*097 

0*00145 


With this formula it should be possible to detect combination 
between solute and solvent, or solvation (Washburn, “ Principles of 
Physical Chemistry,” 1915, p. 174). If every molecule of solute 
combines with N of solvent, the number of mols. of solute is 
unaltered, but the number of mols. of solvent is reduced by Nn u • 
when N is 1, and the solvent is dry, the formula given reduces to 
that of van ? t Hoff. Azobenzene, triphenylmethane. picric acid, 
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and trinitrotoluene, all of which separate from benzene with 1 mol. 
of benzene of crystallisation, have been studied to see if solvation 
can he detected. The existence of solid compounds is, of course, 
no proof that these substances form compounds with benzene in 
solution. It is, however, probable that the compounds of picric 
acid and trinitrotoluene with benzene exist in solution, since 
simil ar compounds, such as naphthalene picrate, are not entirely 
dissociated in inert solvents (Brown, this vol., p. 345). 

Experimental. 

The benzene used was a pure thiophen-free sample supplied by 
Robinson, Nelson and Co., and was further purified by the method 
described by Roberts and Bury (loc. cit.). The substances used as 
solutes were chosen with the idea of covering as wide a range of 
types of compounds as possible, and were all purified by repeated 
crystallisation. 

The usual Beckmann method was employed. All depressions 
recorded are the mean of at least three closely agreeing deter¬ 
minations. ■ After a number of preliminary experiments, it was 
decided that the loss of solvent by evaporation could not be avoided 
without seriously complicating the apparatus, but was negligible 
provided the experiment did not last more than 2| hours. 

The degree of supercooling attainable varies rather remarkably 
with conditions : with very pure and dry benzene it is difficult to 
get that small amount of supercooling which is essential to the 
Beckmann method; with the wet solvent, however, it is difficult 
to avoid a supercooling of 2°. 

The freezing point of benzene has been found to be much more 
susceptible than that of nitrobenzene to errors due to friction and 
radiation, depending on the rates of stirring and the temperature 
of the bath. These were minimised as far as possible by maintaining 
a standard rate of stirring and by keeping the bath temperature 
1—1*5° below the freezing point. In working with the dry solvent 
in the presence of phosphorus pentoxide, the usual precaution of 
passing dry air through the apparatus could not be used on account 
of the volatility of the solvent; consequently the phosphorus 
pentoxide soon became sticky, and the frictional effects generated 
by stirring made the determination of the freezing points difficult. 
Alumina was found to be nearly as efficient as a drying agent, and 
free from lids disadvantage. 

) • Conclusions. . 

A typical selection of the results obtained with normal solutes is 
given in Table I* the first column gives the weight of solute per 
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100 g. of solvent ( W ), the second the observed depression, and the 
third the molecular weights (M) calculated from the above formula. 
The solute, its molecular weight, and the degree of moisture of the 
solvent are given at the head. (Na 2 S0 4 signifies that the solvent 
was partially saturated, in contact with the salt hydrate pair 
Na 2 S0 4 ,0—10H 2 O.) It is obvious that the calculated molecular 
weights are more consistent and accurate than are obtained by the 
usual Beckmann method, i.e ., by using the van 5 t Hoff formula, and 
neglecting the changing water content of the solvent. 


Table I. 


Naphthalene (128-1), dry 


p-Dibromobenzene (235*9), 

dry (A1 2 0 3 ). 

W. (g.). 

At u . 


W (g.)* 

At„. 

2*504 

1*005° 

128*3 

5*147 

1*119° 

236*4 

3-204 

1*283 

128-1 

9-933 

2*130 

236*0 

5*009 

1*984 

128-1 

11-811 

2-519 

235*9 

5*935 

2*338 

128-1 

13-963 

2-949 

236*6 

6*345 

2*491 

128-2 

16-573 

3*479 

236*1 

7*706 

3*001 

128-2 

19-473 

4*060 

235*5 

10*725 

4*112 

128-0 

21-965 

4-547 

235*4 

Naphthalene, Na 2 S0 4 . 

p-Dibromobenzene, Na 2 S0 4 . 

1*855 

0*745 

128-4 

5-645 

1*223 

236*5 

3*802 

1*515 

128-0 

8-309 

1*790 

235*7 

7*510 

2*930 

127*9 

9*682 

2*073 

236*1 

9*150 

3*529 

128-1 

12*317 

2-621 

235*6 

12*117 

4*603 

127-9 

14*977 

3*158 

235*7 

Naphthalene, saturated. 

Camphor (152*2), Na 2 S0 4 . 

1*911 

0*770 

127-9 

2-901 

0*984 

151*6 

3*106 

1*243 

127*8 

4*488 

1*505 

152*1 

6*324 

2*476 

128-1 

5*733 

1*912 

152*0 

9*028 

3*486 

127*9 

8*641 

2*834 

152*3 

11*701 

4*451 

127*9 

10*605 

3-461 

151*6 

Anisole (108*1), Na 2 S0 4 . 

Azobenzene (182*2), Na 2 S0 4 - 

2*515 

1*192 

108-1 

3*806 

1*071 

182*5 

4*060 

1*907 

107*9 

5*702 

1-594 

182*2 

7*976 

3*649 

107*8 

6*865 

1-907 

182*5 

9*171 

4*161 

107*9 

8*432 

2*331 

182*2 

10*257 

4*629 

107*6 

10*473 

2*866 

182*5 


The results obtained with the dry solvent, and quoted in this 
table, were used to calculate k. Assuming the theoretical molecular 
weights, the mean value found was 66-95, and this has been used in 
calculating the figures in the third column. This value corresponds 
to a value of 52*27 for the van ? t Hoff constant, and 29*53 cals, for 
the latent heat of fusion of benzene. The published values for 
the latent heat are somewhat conflicting, and vary from 29-1 to 
30*7 cals.: most direct determinations of the van ? t Hoff constant 
are rather lower than 52*27, but it must be remembered that low 
values for this constant must always be obtained when working 
with solutions that are not infinitely dilute (Brown and Bury, loc r 
cit), - W.-:' ■ 

vol. cxxvn. 3# 
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With benzene, in which water is only very slightly soluble, little 
error is introduced by neglecting the water content of the solvent in 
calculating molecular weights, provided, of course, that it is kept 
constant during the experiments. If C and M w are put equal to 0, 
as when working with the dry solvents, the calculation is considerably 
simplified, and the error introduced is only about 0*2%. 

We have obtained no definite evidence of solvation. Azobenzene 
(Table I) is a perfectly normal solute. With picric acid and tri¬ 
nitrotoluene, the deviation that might be expected if solvation 
occurs is masked by a deviation in the opposite direction, possibly 
due to association. Triphenylmethane appears to be solvated but 
is, unfortunately, too insoluble for the evidence to be conclusive. 
The maximum depression obtainable is rather less than 0*8°, and such 
small depressions are liable to an experimental error of 0*5%, which 
is comparable with the theoretical deviation (1%) to be expected 
if solvation occurs. Values of h and of the van 5 t Hoff constant K, 
calculated from the experimental results with triphenylmethane, 
are shown in Table II. The van ’t Hoff law appears to fit the 


Table II. Table III. 


Triphenylmethane (242*2), Na 2 S0 4 . Tetrachloroethane (167*9), dry (AI 2 0 3 ). 


W. (g.). 

At u . 

k. 

K. 

W. (g.). 

A t u . 

M. 

k. 

2*434 

0*521° 

67*53 

52*27 

2*888 

0*888° 

167*7 

67*01 

2*567 

0*550 

67*63 

52*33 

4*314 

1*315 

168*1 

66*87 

2*617 

0*560 

67*56 

52*26 

5*561 

1*692 

167*5 

67*12 

2*934 

0*627 

67*54 

52*19 

8*117 

2*450 

166*9 

67*36 

3*212 

0*689 

67*84 

52*39 

12*587 

3*769 

164*7 

68*16 

3*356 

0*718 

67*71 

52*26 

14*691 

4*380 

163*9 

68*49 

3*526 

0*755 

67*78 

52*29 

17*304 

5*147 

162*2 

69*11 


Mean 

67*66 

52*28 






Theory 

66*95 

52*27 






results better, which indicates solvation, for the mean value 
of A is nearer than that of Jc to the values of these constants 
obtained with normal substances; h shows a distinct tendency 
to increase with the concentration whilst the variation of K is 
haphazard. 

Substances tend to be more abnormal in benzene than in nitro¬ 
benzene. No solute which has been found normal in benzene, and 
which has also been studied in nitrobenzene, has proved to be 
abnormal in the latter solvent, but many solutes, normal in nitro¬ 
benzene, are abnormal in benzene, e.g., picric acid, trinitrotoluene, 
methyl oxalate, a-nitronaphthalene, tetrachloroethane, and benzil. 
In the majority of cases these substances appear to be associated, 
and we hope to discuss this phenomenon fully in a later paper. 
Tetrachloroethane behaves in a somewhat unusual manner: it is 
normal in dilute solution, but the law for normal substances 
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breaks down at higher concentrations : as shown in Table III, 
the calculated molecular weights are too small at the higher 
concentrations. 

One of us (E. R. J.) desires to acknowledge his indebtedness for 
a Garrod Thomas research scholarship of this College. 

Edward Davies Chemical Laboratories, 

University College of Wales, 

Aberystwyth. [ Received , June 29th, 1925.] 


CCLXII ,—The Condensed Ternary System Phenol - 
Water-Salicylic Acid. 

By Charles Reynolds Bailey. 

Ternary systems containing water and two organic substances 
have attracted workers on phase rule questions because of the 
varied phenomena which are to be met with. In one or more of 
the binary systems concerned, an upper or lower critical solution 
temperature frequently occurs and two liquid layers are to be 
found; references to many systems will be seen in Vols. II, ii, 
and III, ii, of Roozeboonrs " Die Heterogenen Gleichgewichte ” 
and in Tamm arm’s work on the same subject. Difficulties in the 
quantitative analysis of such systems where mixtures of organic 
substances are involved have generally led to the restriction of 
their examination to the “synthetic” method; this method 
neglects the possible formation of mixed crystals; in the present 
research both analytic and synthetic methods have been applied. 

The system phenol-water-salicylic acid was chosen as it presents 
certain features of considerable interest and it was anticipated that 
by the interplay of these characteristics important solubility rela¬ 
tions would arise. Some of the chief points are: (i) the binary 
system water-salicylic acid gives two liquid layers in the meta¬ 
stable region; (ii) the system phenol-water has two liquid layers 
in the stable region and the phenomenon of “ melting under the 
liquid” occurs at an easily accessible temperature; (iii) salicylic 
acid has very slight solubility in water but a much higher solubility 
in phenol. 

By use of the synthetic method it has been possible to extend the 
research well into the metastable region. In applying the analytic 
method the mixtures were stirred in a thermostat, the one or two 
liquid layers sueked off and, together with the moist residue, 
analysed as indicated below. 

« ‘ ’ ' , 3u2 
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The Binary Systems. 

(1) Phenol-Water. —Temperature-concentration diagrams have 
been given by Smits and Maarse ( Proc . K. Akad. Wetensch. Amster¬ 
dam, 1911, 14,192) and by Bhodes and Markley (J. Physical Chem., 
1921, 25, 527). The former workers do not give the concentrations 
which correspond to many of the phase changes, although the 
temperatures are in general agreement with those obtained by the 
latter workers. No trace of the stable phenol hydrate was observed 
in the present research and the values for certain binary and ternary 
mixtures are strictly metastable. The two-liquid-layer area has 
been explored by a large number of workers and no two deter¬ 
minations seem to agree, the departure from the mean being 


Fig. 1. 



greatest at high temperatures. In many cases this is due to the 
use of impure materials and in others to inaccurate use of the 
synthetic method. Most workers have taken as the critical satur¬ 
ation temperature the mean between the temperatures of clouding 
and clearing. If, however, the very definite temperature of sudden 
thickening is taken, it is possible to get readings concordant to 
(hi 0 and agreeing with those of Timmermans (Z. 'physikal. Chem., 
1907, 58, 129) and with the values obtained by analysis of the two 
liquid layers after the mixture has completely cleared in a thermo¬ 
stat. The difficulty does not occur to the same marked extent at 
lower temperatures, and it is possible to correct the concentration 
\ given. by Bhodes' and Markley (loc. cit.) for the point D (Fig. 1) 
wiser© solid phenol is in equilibrium with a water-rich solution. 

given is 10*0% phenol at 1*7°, which is well 
Inside the two-liquid layer area: the true concentration at this 
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point is 7*6% and agrees with a redetermination made by the 
present author by thermal analysis. 

The important temperatures in the system are as follows, the 
letters referring to Tig. 1 :— 

Table I. 


Point. 

% Phenol. 

Temp. 


A 

100-0 

40-8° 

M. p. of pure phenol 

B 

75-0 

1-7 


C 

36-5 

65-3 

Crit. soln. temp. 

D 

7-6 

1-7 

E 

6-5 

-1-2 

Eutectic 

F 

0-0 

0-0 

M. p. of ice 


(2 ) Salicylic Acid-Water .—Here again many incomplete deter¬ 
minations are to be found in the literature; the values for the 
solubility of salicylic acid in water are extremely divergent: the 
most recent data, due to Savorro (Atti B. Accad. Sci. Torino , 1914, 
48, 948) are not only above the mean of the best data available, 
but exhibit several breaks in the curve which do not correspond 
to any accompanying phase change. The values obtained in the 
present research (Table H) coincide with those of Walker and 
Wood (J., 1898, 73, 620) up to 30°, but are slightly and uniformly 
larger at higher temperatures. A fresh determination of the meta¬ 
stable region has been made and the results differ slightly from 
those of Flaschner and Rankin (. Monatsh 1910, 31, 23). A careful 
determination of the eutectic ice-salicylic acid places this at — 0*07° 
and 0*103% salicylic acid. 

Table II. 

(The values are given in grams per 100 g. of solution.) 

Metastable. 


Stable. 


^ 


Water 

Salicylic 


% Sal. 

Temp. 

layer. 

layer. 

Temp. 

0*131 

10*0° 

4*4 

69*6 

60*0° 

0*184 

20-0 

6*5 

64*6 

70*0 

0*261 

30*0 

9*8 

55*9 

80*0 

0*395 

40-0 

15*0 

46*0 

85*0 

0*592 

50*0 

30*0 

30*0 

87*0 

0*864 

60*0 





(3) Phenol-Salicylic Acid.—This system does not appear to have 
been previously investigated. Walden (Z. physikal. Chem 1920, 
94, 331) found that the depression of freezing point of phenol by 
salicylic acid was normal. In the present case thermal analysis 
was resorted to; at the higher temperatures near the melting point 
of the acid, mixtures were sealed in glass tubes, and the tem¬ 
peratures of appearance and disappearance of the solid phase 
noted. At the lower temperatures the eutectic halts were measured 
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and it was found that their prolongation met the composition 
axis at 100% salicylic acid. Hence the system offers a simple 
eutectic at 5*0% salicylic acid and 38*16°. The results are given 
in Table HI. For the mixture containing 1*5% acid the lowering 
of the phenol freezing point is 0*8°; if the cryoscopic constant for 
phenol is taken as 72*7, the molecular weight of the acid is 138*7 


(calc. 

138*1). 

Wt. % of 
salicylic 

Table III. 

Temp, of 

Duration of 
halt in 

Mo. 

acid. 

Temp. 

eutectic. 

minutes. 

1 

00 

40*80° 

— 

— , 

2 

1-64 

39*95 

— 

— 

3 

3*17 

39*12 

38*10° 

18 

4 

4-39 

38*47 

38*16 

25 

5 

5-00 

38*16 

38*16 

28*5 

6 

7*38 

45*9 

38*18 

28 

7 

10*09 

55*6 

38*07 

27*5 

8 

14*2 

65*6 

37*9 

26 

9 

27*5 

89*2 

38*0 

23 

10 

40*0 

113*5 

— 

— 

11 

60*0 

128*7 

38*0 

— 

12 

81*8 

147*2 

— 

— 

13 

94*9 

157*0 

— 

— 

14 

100*0 

160*4 

— 

— 


Experimental. 

Materials. —(i) Phenol . The detached crystals marketed by the 
British Drug Houses seem to be a very satisfactory product, and 
preserve their whiteness unchanged even on long exposure to 
light. They were twice distilled and the end portions rejected in 
each case; the product obtained melted at 40*8°. 

(ii) Salicylic acid . Both the commercial variety and the physio¬ 
logically pure acid were used. The samples were recrystallised by 
dissolving in boiling water and pouring into cold : the process was 
carried out four times. This removes completely the sweet smell 
characterising the commercial acid, which is nevertheless of a high 
degree of purity nowadays. The brown colour found in specimens 
of the physiologically pure acid is not removed in this way. The 
older methods for effecting this involved distillation in steam or 
solution in glycerol, whereas it was found best to dissolve the acid 
in a hot mixture of phenol and water; on cooling, the colourless 
acid was precipitated and a further supply was obtained by adding 
water to the mixture. If the solution of the acid in hot water 
is allowed to cool slowly, the peculiar formation of crystalline 
threads may be observed (Nature, 1923, 112, 10). After the last 
two crystallisations the m. p. was constant at 158*7°; when allow¬ 
ance is made for stem exposure, this figure is increased to 160*4°, 
a result much higher than is usually found in the literature but 
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agreeing with that of W. J. Bush and Co., Ltd. {Perfumery and 
Essent . Oil Rec ., 1920, 11, 207). The value was checked by observ¬ 
ations both on a single crystal in a melting point tube and also 
by cooling curves on a large bulk of the acid. 

Analysis of Solutions .—Phenol was estimated by the bromide- 
bromate method (for details, see Redman, Weith, and Brock, 
Ind. Eng . Chem., 1913, 5, 389). 

Salicylic acid can be directly estimated with baryta; the indicator 
chosen was p-nitrophenol with titration to a colour match. Kolthoff 
(Pharm. Weekblad , 1921, 58, 699) has examined the bromometric 
method in use for phenol as applied to salicylic acid; by careful 
standardisation of conditions he obtained concordant results. The 
present author finds that with reasonable care reproducible results 
are obtained for one and the same concentration of acid, but if 
that concentration is varied the titre value does not change pro¬ 
portionally. Curves correlating concentration and bromide-bromate 
titre were constructed but found too complicated to be of use. 

Phenol and salicylic acid in mixture in aqueous solution were 
analysed by various methods, of which the most successful were 
the following: 

(i) By separation and subsequent determination: the phenol 
was extracted several times with small quantities of ether or chloro¬ 
form from a solution containing a slight excess of sodium bicarbonate 
and the extracts were added to caustic soda solution. It was found 
necessary to drive off all traces of the organic solvent before bromin- 
ation, as, peculiarly enough, much less bromine was taken up in 
its presence, 

(ii) The method finally adopted was to determine first the 
salicylic acid alone; this can be effected by titration with baryta and 
p-nitrophenol indicator, since by keeping the phenol in low con¬ 
centration it has no effect on the indicator. It was then ascer¬ 
tained by careful varying of the concentrations that the presence of 
the one substance does not affect the bromination of the other in 
mixtures of phenol and salicylic acid. The total bromide-bromate 
titre was accordingly determined for a given volume of the solution 
and the same volume of the solution was then evaporated to dryness 
with excess of sodium bicarbonate solution; this treatment was 
shown to be sufficient to drive off the phenol and leave the acid 
as the sodium salt, which was then brominated. The difference 
between the two titres gives the phenol in the mixture, since it 
has been shown above that with the same concentration of salicylic 
acid reproducible results can be obtained on bromination. 

Water was determined by difference. 

The mixtures were stirred in a thermostat for temperatures 
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between 20° and 70°. When equilibrium (which was approached 
from both sides) had been attained, the solution was sucked off 
through a side tube with filter into a stoppered flask and weighed, 
transferred to a measuring flask, and made up to a known volume. 
The conjugate solutions in the case of two liquid layers were 
allowed to settle out from the emulsion formed and sucked off; 
fortunately at the higher temperatures the clearing was only the 
matter of an hour or so; at the lower temperatures a longer period 
of standing was necessary. The moist residues were analysed 
similarly to give the solid phase. 

The ternary system was also explored by the synthetic method 
for control purposes and to investigate the metastable region. 
Varying amounts of salicylic acid were added to known mixtures 
of phenol and water and the temperature of sudden thickening was 
determined; separate determinations agreed to within 0*1°. The 
work was carried out in sealed tubes. At the same time the tem¬ 
perature of the'beginning of critical opalescence was determined; 
it was found possible to obtain reproducible readings within 0*5°. 
Curves were then constructed showing the relation between the 
above temperatures and the concentrations of salicylic acid in the 
particular mixture; from a given series of curves the percentages 
of salicylic acid present at constant temperature can be laid 
off: then on the usual triangular diagram the points on the 
phenol-water axis representing the different initial mixtures taken 
can be joined to the salicylic acid vertex; the percentages of acid 
obtained from the previous curves can be marked directly on to 
the triangular diagram and hence the isotherms are obtained 
(Figs. 2 and 3). It was found possible to complete the larger 
number of isotherms having metastable prolongations and so to 
explain the rather peculiar shape of the binodal curves. In this 
way two distinct series of isotherms are got and it is interesting 
to contrast one with the other (Figs. 2 and 3). Both temperatures 
from their reproducibility seem to be characteristic of the particular 
mixture under consideration, but it is difficult to trace any relation¬ 
ship between them; there are cases in which the addition of further 
quantities of the third component lowers the temperature of sudden 
thickening but actually raises the temperature of beginning of 
opalescence. There is apparently a “ knoll 75 on the contour system' 
for the critical opalescence which finds no corresponding feature 
on the system as determined by analysis or by the sudden thicken- 
mg fthe last two methods giving concordant results). Andant 
(J . Phys. Radium, 1924, 5, 193), in an examination of the opales¬ 
cence of a liquid and its vapour at the critical temperature, was 
able to show that the intensity and duration of the opalescence 
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varied with the ratio of the volume of liquid to that of vapour, 
passing through a maximum when the ratio was unity. In the 
case of binary and ternary mixtures where the upper liquid layer 
bears some rough analogy to the vapour phase in the unary 
equilibria, the correspondence would predict a condition of maxi¬ 
mum opalescence for mixtures which are in the neighbourhood of 
the critical point on the particular binodal curve under consideration. 
This is roughly borne out by the experimental results, as will be 
seen on reference to Table V; in mixtures containing a large pro¬ 
portion of any one constituent, and hence generally resolving into 


Fig. 2. 



two liquid layers with a large volume ratio, the temperatures of 
critical opalescence and critical thickening coincide almost exactly. 

At temperatures below 20°, the system was examined by thermal 
analysis in a vacuum vessel ; the curve which gives the displace¬ 
ment of the temperature at which solid phenol can exist in contact 
with two liquid layers* on addition of the third component was 
obtained in that way. 

No compounds or mixed crystals were observed during the in¬ 
vestigation. 

The Isotherms. 

A selection of the tabulated results will be found, at the end of 
the paper. The two series of isotherms illustrated in Pigs. ^ 

3u* H:* 
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contain only the binodal curves; the inclusion of the saturation 
curves for solid salicylic acid would have complicated them unduly. 

Fig. 3. 



Fig. 4. 



and, secondly, the individual isotherms in order to obtain a grasp 
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of the many phase changes which may take place within narrow 
temperature limits. 

The Polytherm (Fig. 4).—The actual conditions in the bottom 
right hand comer of the diagram have been exaggerated somewhat 
in order to render them apparent; the necessity for this will be 
readily seen on consideration of the values given below (Table IV). 
The arrows indicate the direction of rising temperature. To 
indicate the phases present the following symbols will be adopted: 
Solid salicylic acid S; solid phenol P; ice W; and where two 
coexistent liquid phases are possible: (low acid content) layer 
rich in phenol h v layer rich in water L 2 ; (low phenol content) 
layer rich in acid L 3 , layer rich in water L 4 . Metastable results 
throughout are enclosed in square brackets. 


Table IV. 

Percentage by weight. 




Temp. 

Phenol. 

Acid. 

Water. 

Binary equilibria :— 




A. 

S + Wl 

P -f W V Eutectics . 

(-0-07° 

-1-20 

1 38-16 

— 

0-103 

99-9 

B. 

6-5 

— 

93-5 

E. 

s + w) 

95-0 

5-0 

— 

C. 

P 4- L 2 \ P. in equil. with 

ri-7 

7-6 

— 

92-4 

D. 

P -j- two liq. layers . 

tl-7 

75-0 

— 

25-0 

F. 

M. 

[L 1 + L 2 ]} ( ^ ritical P°hits 

/ 65-3 
\ [87-0 

36-5 

30-0 

63-5 

70-0} 


Ternary equilibria :— 


K. 

S + P + W 

Eutectic ... 

-1-3 

6-5 

0-2 

93-3 

I. 

(See below) . 


61-2 

20-4 

7*6 

72-0 

H. 

h»3 + -b 4 ■+■ S. 


63-4 

21-7 

12-7 

65-6 

G. 

S + P + LA 

Two liquid 

f-0-6 

6-6 

0-2 

93-2 

J. 

S + P + L,j 

- layers, S 
and P. 

(-0-6 

69-9 

4-2 

25-9 


According to Schreinemakers's generalisation (Z. physikal . Chem 
1898, 25, 320) the temperature of melting under the liquid is 
depressed by the addition of a third substance when that substance 
is more soluble in the liquid layer which is rich in the “ melting 
constituent.” This is again confirmed: solid phenol is in equi¬ 
librium with two liquid layers at D and C; on addition of the 
acid the temperature and concentration of the ternary univariant 
phenomenon shift from B -> G and C J (from 1*7° to —0*6°). 
The points K (the ternary eutectic) and J are so near to each other 
that the equilibria J K are practically unrealisable. K, G, 
and J are system invariant points, since four phases and vapour 
are in equilibrium at constant pressure. F 1 shows the progress 
of the phenol-water critical point on the addition of salicylic acid; 
the latter is soluble to some extent in both liquids and consequently 
produces a slight lowering of temperature from 65*3° to 61*2°. 
At I (61'2°), this binodal surface touches another binodal surface 

3 it* 2 
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at a second critical point; the two critical points then disappear 
and with lowering of temperature two binodal curves are obtained 
for any one temperature which have their end points not on the 
same base of the triangle but on S—W and P—W. The appear¬ 
ance of the second binodal area is due to the fact that the meta- 
stable binodal surface cuts the saturation surface of salicylic acid 
and has thus a stable portion. G H and J H give the com- 


Fig. 5. Fig. 6. 




position and temperature of the univariant points where solid sali¬ 
cylic acid is in equilibrium with two liquid layers; again we have a 
curve showing the transition of the melting point under the liquid, 
but in this case the solid phase which melts is the third component. 
At H, the metastable binodal surface touches the saturation surface 
of salicylic acid internally at a critical point. 

The Isotherms .—Certain representative isotherms have been 
require little elaboration. The diagrams are to some 
extent schematic, for it has been necessary to enlarge the con- 



PHENOL-WATEB—SALICYLIC ACID. 


1961 


ditions in the water corner in order to render them visible; they 
represent accurately the nature of the phase changes which occur. 

Jt will be seen that the solubility of salicylic acid is much greater 
in the mixed solvents than in either alone : at 68*8° the solubility 
of the acid in water is 1*3 g. per 100 g. of solution, in phenol 154 g., 
and at the maximum on the ternary solubility curve, 30*1 g. 
Below 40*8° solid phenol makes its appearance (see Pig. 11); and 
below 38*2° (Fig. 12) we have a three-phase area where S and P 


Fig. 9. Fig. 10. 





are in equilibrium with solution. From 1*7° to — 0*6° P can be 
in equilibrium with two liquid layers; between these two tem¬ 
peratures at, say, 1*0°, there are three three-phase areas (Fig. 13), 
the area of two coexistent liquid phases being very small. Below 
— 0*6° no two liquid layers are observed (Fig. 14) and finally 
below — 1*3° the system “ dries up.” 

The binodal curve is a distribution curve and the distribution 
ratio has been determined at 25°, It has been possible to trace 
only one case where phenol and water have been used as the two 
immiscible liquids : in this case potassium iodide was found to have 





1962 BAXLEY : THE CONDENSED TERNARY SYSTEM 

more or less the same molecular weight in both solvents (Riesen- 
feld, Z. physikal. Chem 1902, 41, 347). Table VIII shows that, 
after correction for the ionisation of the acid in the water layer 
(a very small effect, since K = 0*001), the ratio C w jC p approaches 
constancy as the concentration of acid increases. 

Fig. 13. Fig. 14. 




Numerical Results . 

In the following tables a* selection of the more important data 
for some of the isotherms examined has been made; metastable 
results throughout are enclosed in square brackets. In order not 
to complicate the isotherms unduly and to help in the comparison 
of the temperatures of critical opalescence and solution, the results 
obtained by the synthetic method are recorded separately. The 

values given throughout are in weights %. 

* 

Table V. 

The Binodal Curves as obtained by the Synthetic Method . 

Under each mixture is given : first, the percentage of phenol in the original 
mixture, then the percentage additions of salicylic acid, and in the last two 
rows, the critical solution temperature (C. S. T.) and the temperature of the 
beginning of critical opalescence (C. Op,). 


Mixture B : 9*2% phenol. 


%S. ..... 

.... 0-0 

[5*8 

6*8 

7*7 

11*7 

35-4 

45*5 

58*5 

65*4] 

6. S. T.° . 

.... 32-9 

58*0 

61-0 

63*0 

68*8 

70-0 

79*0 

68 *8 

68*0' 

C.Op.° . 

.... 32*9 

58-0 

61*0 

63*0 

69*5 

83*5 

79*5 

68-8 

58*0 

Mixture C: 

14*6% phenol. 








%s. .... 

.... 0*0 

3*5 

5*9 

[6*5 

7*2 

9*0 

15*8 

53*4 

61*3] 

C. S. T.° . 


58*0 

61*0 

61*0 

61*0 

63*0 

68*8 

68*8 

58*0 

C. Op.o 

. 56*8 

59*0 

62*0 

62-5 

63*0 

65*0 

71*0 

69*0 

58*0 

Mixture K : 

17*0% phenol. 








%!• T . 

..... 0*0 

6*5 

8*8 

[21*5 

49*5 

57-0 

58*0] 



O. S. T.° . 

..... 59*7 

61*0 

63*0 

68*8 

68*0 

63*0 

58*0 



0. Op. 0 . 

..... 60*0 

64*0 

65*0 

73*0 

69*0 

63*0 

58-0 
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Table V {continued). 


Mixture D : 20*6% phenol. 

% S. .. 0-0 5-2 5-6 10*8 [28-0 45*3 53*3 54*7] 

C. S.T.° . 62*0 61-0 61*0 63*0 68*8 68*8 63*0 58*0 

C.Op. 0 . 63*2 63*5 64*0 68*0 72*0 68*8 63*0 58*0 

Mixture E : 25*0% phenol. 

%S. 0*0 1*3 12*6 [45*6 49*3] 

C. S. T.° . 63*4 63*0 63*0 63*0 58*0 

C.Op 0 . 65*8 65*0 71*5 63*0 58*0 

Mixture F : 29*9% phenol. 

%S. 0*0 2*2 8*3 11*2 21*0 [39*2 42*4] 

C.S.T.° ...... 64*6 63*0 61*0 61*0 63*5 61*0 58*0 

C. Op.° . 67*6 66*0 69*0 70*0 73*0 61*0 58*0 

Mixture G : 34*9% phenol. 

%S. 0*0 2*3 8*1 16*0 [22*5 32*6] 

C. S.T.° . 65*3 63*0 61*0 61*0 61*0 58*0 

C.Op. 0 . 67*3 68*0 64*5 62*0 61*0 58*0 

Mixture H : 41*7% phenol. 

% S. 0*0 2*3 4*8 13*3 

C. S. T,° . 65*0 63*0 61*0 58*0 

C. Op. 0 . 68*3 66*0 64*0 58*0 

Mixture 1: 50*8% phenol. ' 

% S. 0*0 1*6 4*1 

C. S. T.°. 62*2 61*0 58*0 

C. Op.° . 64*4 63*0 59*0 
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Table VII. 


Temp. 30-0°. 


Phases 
No. present. 

1 S -f soln. 

2 

3 

4 -f- L 2 + S / 

5 S -f soln. 


Solution. 

p* w..S. 

0*26 
0-40 
0-60 
9*8 
0-64 
9-8 
7*1 
5*9 
4*7 
4*7 


Moist solid residue. 


p. 

W. 

S. 

1*4 

18*2 

80*4 

— 

— 

— 

— 

— 

—. 

4*3 

1*3 

94*4 

— 

—— 

___ 

25*7 

1*6 

72*7 


— 99*7 

2*6 97*0 

7*5 91*9 

56*6 33*6 

8*0 91*4 

„ 71*6 18*4 

6 „ 84*9 8*0 

7 88*5 5*6 

S P -f S + soln. . 92*5 2*9 

9 P + soln. 94*5 2*9 

10 „ 97*2 2*8 


11 Lj -f* l 2 


1 

2 


S -(- spin. 

9 9 


3 Li ~f~ L 2 -{- S 


4 

5 

6 

7 

8 
9 

10 


S -f soln. 


» 


11 + La 


12 


» 


13 

14 

15 


99 


9t 


1 69-3 30-7 

l 9-1 90-9 


Temp. 44-0°. 


— 

99*5 

0*46 

7*8 

91*3 

1*2 

/47*8 

38*5 

13*6 

l 8*9 

89*7 

1*4 

49*6 

36*0 

14*4 

56*8 

27*8 

15*4 

61*9 

22*8 

15*3 

70*9 

14*8 

14*3 

87*8 

4*0 

8*2 

82*8 

7*1 

10*1 

92*5 

■ —, 

7*5 

/ 63*8 

35*5 

0*72 

\10*1 

89*8 

0*09 

/ 59*0 

36*7 

4*3 

110*4 

89*2 

0*44 

/ 52*6 

38*2 

9*2 

\ 9*7 

89*3 

1*0 

/ 50*3 

38*4 

11*3 

\ 9*6 

89*2 

1*2 

f 64*2 

35*8 


\10*2 

89*8 

•***- - 


2-8 17-3 


25-5 19-9 

120 6-0 

2-2 2-4 

27*0 4-3 

43-6 2-2 

48-6 4-3 




79-9 


64-6 

820 

95-4 

68-7 

54-2 

47-1 


1 

S 4* soln. 

. . 

2 

99 

7*7 

3 

Li + L s + S 

/33*2 

112*7 

4 

S + soln. 

48*0 

5 

99 

55*6 

6 

7"; 

99 

73*2 

99 - 

89*0 

s 

-l-^X “f" 

/44*2 
114*5 

9 

ki + l 8 

j 15*3 
155*6 

10 

-f 1^2 

ir- 



XLrr 


Temp. 58-0°. 


99*2 

0*80 


89*9 

2*3 

1*9 

49*4 

17*4 

83*9 

4*3 

— 

29*1 

22*9 

■ ■ 

22*0 

22*4 

21*1 

10*0 

16*8 


— . 

11*0 

— 

49*0 

6*8 


83*1 

2*4 

— 

84:7 



44*4 


; — 

96*0 

4*01 


29*4 

70*6J 



31-6 60S 

7-5 71-4 




Table VIII. 

The Distribution of Salicylic Acid between Phenol and Water at 25-0°. 

(The numbers refer to the corresponding points in Table VI.) 

' C* (after correction for ionisation) and C p , the concentrations in the respec¬ 
tive solvents, are given in grams per litre. 


No. 

o„. 

Op- 


No. 


C p . 

CJCp. 

n 

0-38 

5-36 

0-0709 

14 

4*57 

77*72 

0*0570 

12 

1-27 

19-07 

0-0068 

4 

6*28 

93*34 

0*0565 

13 

207 

32-93 

0-0629 
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for his kindly help and guidance; and to the Research Fund 
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the cost of materials used. 
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CCLXIII. — Carboxycamphoranilic A cids. 

By Mahan Singh and Ram Singh. 

Tingle and his co-workers ( Amer. Chem, J ., 1907, 37 , 596 ; 38 , 642; 
1908, 39, 1892), as a result of their researches on the intramolecular 
rearrangement of phthalamic acids, conclude that the change of 
these acids into phthalimides 

C 6 H 4 <£g‘^' C 6 H 4 R _> C 6 H 4 <qq>N*C 6 H 4 R+H 2 0 

is dependent on the following factors : (1) the nature of the group R, 
the stability of the acid increasing as R becomes more negative 
(stability: C0 2 H >N0 2 > OH > halogens); (2) the nature of the amine, 
the amine being more active, the more strongly positive it is; (3) the 
temperature; (4) the presence of a solvent such as ethyl alcohol. 

The reactions of camphoric anhydride with o-, ra-, and ^-amino- 
benzoic acids have now been investigated. They proceed thus : 

C 8 H u <°g>°+H 2 N-C 6 H 4 -C0 2 H = 

The carboxycamphoranilic acids produced are very stable and 
have not been converted into camphorimides at various tempera¬ 
tures, in various solvents, or by treatment with mild dehydrating 
agents such as fused sodium acetate and anhydrous sodium sulphate. 
Hence it appears that if the imide is formed at all, it is so unstable that 
it is immediately hydrolysed. This may be due to the extreme 
negativity of the carboxyl group. 

The condensation product consists of only one acid in each case; 
whether it is the a- or the p-camphoranilic acid (compare Singh 
and Biswas, J., 1924, 125, 1895) has not been determined. 

With regard to the optical rotations of the three carboxycamphor¬ 
anilic acids, (1) the o-carboxy-compound gives negative values; 
(2) a regularity can be observed between the molecular rotation 
and the position of the carboxyl group. In all solvents, the order 
is p>m>o ; (3) for a given acid in different solvents, the rotatory 
power diminishes in the order: methyl alcohol, ethyl alcohol, 
acetone* methyl ethyl ketone. The dielectric constants of these 
solvents are 35*4, 20*8, 21*5, and 17*8, respectively. The rotatory 
power, therefore, is lowest in the solvent which has the lowest 
dielectric constant. 

Experimental. 

Condensation of Camphoric Anhydride with Aminobenzoic Acids . 
General Method. —Camphoric anhydride and the aminobenzoic 
acid (equal inols.) are heated together with fused sodium acetate. 
The product is dissolved in 80% alcohol (alcohol in the case of the 
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ra-carboxy-compound) and precipitated by the addition of water 
and scratching, being decolorised by charcoal and by repetition of the 
process if necessary. 

2'~Carboxycamphoranilic acid, C0 2 H*C 8 H 14 *C0’NH-C 6 H 4 -C0 2 H 
(temperature of condensation, 125—130°; time, 3 hours. The 
yield is seriously affected by variation in temperature, being 
almost nil above 160°) separates in crystals containing SHgO. It 
melts at 75—80°, then shrinks, solidifies, and finally melts at 
199—200°. It is soluble in ethyl alcohol, methyl alcohol, or acetone, 
and sparingly soluble in benzene or chloroform (Found: 0, 55*0; 
H, 7*1; N, 3*65; equiv., by titration with NaOH, 187*5. Found, 
in material heated at 75—80° for 1 hour: C, 64*4; H, 6*8. 
C 17 H 21 0 6 N,3H 2 0 requires C, 54*7; H, 7*2; N, 3*75%; equiv., 
dibasic, 186*5. C 17 H 21 0 5 N requires 0, 63-95; H, 6*6%). 

3' - Carboxycamphor anilic acid (temperature of condensation, 
160°; time, 3 hours; yield nearly quantitative) is a white, amor¬ 
phous powder, m. p. 249°, which is soluble in ethyl alcohol, methyl 
alcohol, or acetone, but insoluble in benzene, chloroform, or ether 
(Found: C, 63*7; H, 6-9; N, 4*5; equiv., 161. C 17 H 21 0 5 N 
requires C, 63*95; H, 6*6; N, 4*4%; equiv., 159*5). 

4*-Carboxycamphoranilic acid (temperature of condensation, 
140—145°; time, 4 hours; yield 95%) separates as a white, 
amorphous mass which melts at 149—150°, shrinks, re-solidifies, 
and finally melts at 212°. It is slightly soluble in water, readily 
soluble in ethyl alcohol, methyl alcohol, or acetone, but only 
very sparingly so in benzene, ether, or chloroform (Found : C, 60*05; 
H, 7*4; 1ST, 4*2; equiv., 169*5. Found, in material heated for 1 hour 
at 135—145° : equiv., 160, C 17 H 21 0 5 N,H 2 0 requires C, 60*5; H, 
6-8; N, 4*15%; equiv. 168*5. C 17 H 21 0 5 N requires equiv., 159*5). 

Molecular Botations of the Carboxycamphoranilic Acids. 

Cone. 


Solvent. 

g./25 c.c. 

Temp. 

a »* 

[«].■ 



2'-Carboxycamphoranilic acid, C 17 H S1 0 6 N,3H 4 0. 


MeOH 

0-0798 

18° 

-1*00° 

— 157° 

-584° 

EtOH 

0-0974 

17 

-1-20 

— 154 

-574 

Me*CO 

0*1624 

17 

-1-92 

-148 

-551 

MeEtCO 

0-1294 

17 

-1*08 

-104*5 

-390 


3'-Carboxycamphoranilic acid, C 17 H 21 0 5 N. 


MeOH 

0*1309 

19 

+ 1*53 

+ 146 

+ 466 

EtOH 

0*0962 

17 

1*04 

135 

431 

Me a CO 

0*1084 

17 

1-12 

129 

412 

MeEtCO 

0-0714 

17 

0*56 

98 

313 


4'-Carboxycamphoranilic acid, C 17 H 2 i0 5 N,H 2 0. 


MeOH 

0*0744 

19 

+ 1*52 

+ 255, ■ 

+ 860 

EtOH 

0-1165 

17 

1*98 

214 

722 

Me s CO 

MeEtCO 

0*1046 

17 

1-76 

210 

709 

0*0820 

17 

1*08 

165 

.' . 555 



1968 KAIiFI? AND ROBINSON : A SYNTHESIS OE DATISCETIN. 

The readings were taken in a 2-dcm. tube within 30 minutes of 
making up the solution. There was no mutarotation. 

The authors desire to thank Dr. H. B. DunniclifE for guidance 
and practical help during this investigation. * 

Goveknment College, 

Lahobe, India. [Received, April 1 5th, 1925.] 


CCLXIV.— A Synthesis of Datiscetin * 

By Jan Kalff and Robert Robinson. 

Datiscin was isolated by Braconnot in 1816 {Ann. Ghim. Phys., 3 , 
277) from the leaves of the Bastard Hemp, Datisca cannabina, but 
his largely correct description was ignored and datiscin regarded as 
identical with inulin until the accurate work of Stenhouse (Ann. 
Ch. Pharrn 1855, 98,166; Chem. Gaz ., 1856, No. 318) re-established 
the individuality of the compound, which he isolated from the roots 
of the plant. Stenhouse showed that on hydrolysis with acids 
datiscin yields glucose and datiscetin, C 30 Hi 0 O 12 (C = 6; 0 = 8), 
which by fusion with potassium hydroxide gives salicylic acid or 
by boiling with dilute nitric acid is changed into nitrosalicylic acid. 
Roots of Datisca from Kew Gardens were examined by Schunck and 
Marchlewski ( Annalen , 1893, 277, 266), who concluded that datiscin 
is a rhamnoside. The datiscetin isolated in the course of that work 
had m. p. 237° and differed in some of its properties from the 
datiscetin of Stenhouse. Fortunately, a small specimen of the 
material has been preserved in the Schunck Collection housed in 
the Chemistry Department of this University, and we are of the 
opinion that it consists essentially of datiscetin mixed with galangin 
(see p. 1972). It seems possible that the datiscin from the Kew 
roots was a mixture of galangin rhamnoside and datiscetin 
glucoside. 

Korczynski and Marchlewski (Bull. Acad >. Sci. Cracovie, 1906, 
A, 95; 1907, A, 124) again isolated datiscin, from Datisca roots 
from the Punjab, and showed that it gives glucose on hydrolysis. 
Moreover, after removal of a methoxyl-containing substance, 
datiscetin, C 15 H 10 O 6 , m. p. 268—269°, was obtained and character¬ 
ised and this was clearly the true datiscetin of Stenhouse. From 
the reactions of datiscetin and the fact that it yields phlorpglucinol 
as well as salicylic acid on fusion with potassium hydroxide, 

1914, A, 218; Ber., 1914, 47, 
1599) drew the Conclusion that the substance is 3 : 5 :7 :2'-tetra~ 
hydroxyflavone (I). The 3:5: 7-trimethyl ether of this flavonol 
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has been synthesised by Bargellini and Peratoner (Gazzetta, 1919, 
49, ii, 64), who employed the methods of von Kostaneeki, but the 
derivative has not yet been related to natural datiscetin. 



0 MeO 



HO CO 


The synthesis now described is an application of the method of 
Allan and Robinson (J., 1924, 125, 2192) already used by the 
present authors (this voL, p. 181) for the syntheses of galangin 
monomethyl ether and myricetin. w-Methoxyphloracetophenone 
(Slater and Stephen, J., 1920, 117, 316) reacts at 180° with 
o-methoxybenzoic anhydride and sodium o-methoxybenzoate to 
give a product which yields datiscetin 3 :2 '-dimethyl ether (II) on 
hydrolysis. On demethylation with hydriodic acid, datiscetin (I) 
was obtained and we are greatly indebted to Professor Marchlewski 
for specimens of natural datiscetin and some of its derivatives 
which have enabled us to make the necessary direct comparisons. 


Q 



AcO 


O 


HO/V^flMa 
\/\/C-OMe 
HO CO 


(IV.) 


In some earlier experiments an attempt was made to apply the 
von Auwers flavonol synthesis (compare Ber. } 1915, 48, 85) to the 
case of datiscetin. The compound III was obtained without 
difficulty, but no trace of a flavonol could be isolated from the 
products of its decomposition with alkaline solutions. An attempt 
was also made to synthesise datiscetin 3-monomethyl ether and 
accordingly w-methoxyphloracetophenone was brought into reaction 
with o-acetoxybenzoic anhydride and sodium o-aeetoxybenzoate. 
Curiously enough, the acetoxy-groups alone function and we found 
that the product was 3-methoxy-5 :7 -dihydroxy-2-methyUhromone 

(IV). 

Experimental 


2-q-M ethoxybenzylidene-4:: 6-diacetoxycoumaranone, 



—A satisfactory yield of the methyl ether was obtained 



salicylaldehyde with methyl sulphate (5 mols.) and aqueoussodiwr 
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hydroxide at about 40°. A mixture of o-methoxybenzaldehyde 
(4-1 g.), 4:6-dihydroxyeoumaranone (5 g.) (Sonn, Ber ., 1917, 50, 
1265), and acetic anhydride (90 c.c.) was boiled for hours. The 
product was added to hot water (500 c.c.) and on stirring the oil 
solidified. The substance crystallised from acetic acid in yellow 
prisms, m. p. 174° (yield 55%) (Found : C, 65*3; H, 4*5. C 20 H 16 O 7 
requires C, 65*2; H, 4*4%). This substance is insoluble in dilute 
aqueous sodium hydroxide and gives no coloration with alcoholic 
ferric chloride. It is sparingly soluble in alcohol or benzene and 
readily soluble in chloroform. The dibromide (formula III) was 
obtained by the addition with cooling and stirring of bromine 
(2*4 g.) in chloroform (15 c.c.) to a solution of the methoxy- 
benzylidenediacetoxycoumaranone (5*5 g.) in chloroform (25 c.c.). 
Evolution of hydrogen bromide did not occur and, after 45 minutes, 
the substance was precipitated by light petroleum (80 c.c.) and 
rapidly crystallised from much hot alcohol, separating in small, 
colourless prisms, m. p. 163° (decomp.) (Found: Br, 31*2, 31*1. 
C 2G H 16 0 7 Br 2 requires Br, 30*3%). As frequently observed in 
similar cases, some nuclear bromination has clearly occurred.* 

3 : 2 r -Dimethoxy-5 : 1-dihydroxyflavone (II).—o-Methoxybenzoic 
acid of satisfactory purity being somewhat difficult to obtain, 
an aqueous alkaline solution of salicylic acid was shaken with methyl 
sulphate (2—3 mols.), the acids isolated, the mixture esterified, and 
washed with aqueous sodium hydroxide to remove ethyl salicylate. 
The neutral ester was then hydrolysed. 

Comparison of the different processes available for the preparation 
of o-methoxybenzoic anhydride (Rule and Paterson, J., 1924, 125, 
2161) showed that the following is the most convenient (compare 
DJEfc.-P. 201325), A 20% solution of carbonyl chloride (1 mol.) in 
benzene was gradually added with careful cooling to one of the 
acid (2 mols.) and pyridine (1 mol.) in the same solvent. After 2 
hours, the mixture was treated with crushed ice and very dilute 
sulphuric acid, when the precipitate dissolved. The benzene 
solution was then further agitated with ice and dilute aqueous 
sodium carbonate for \ hour, dried, and the solvent removed by 
distillation in a vacuum. The residue solidified and was sufficiently 
pure for most purposes (yield 85%). The product obtained by 
heating a mixture of <u-methoxyphloracetophenone (5 g.), sodium 
o-methoxybenzoate (7*5 g.), and o-methoxybenzoic anhydride (19 g.) 

♦ On prolonged contact with dry methyl alcohol the colourless dibromide 
changed to yellow prisms which fall to a yellow powder, m. p. 192-103°, at 
5O-60°£Found: OMe,7*3. 0 15 H 18 0 6 Br (OMe) requires OMe, 6*95 %]. Itappears, 
therefore, that the elements of hydrogen bromide are eliminated and that this 
process is not accompanied by the introduction of further methoxyl groups. 
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for 3 hours at 180° was hydrolysed with potassium hydroxide (8*5 g.) 
in aqueous or alcoholic solution. The phenol, precipitated as a 
viscous, brown mass by saturating the diluted solution with carbon 
dioxide, was again treated with aqueous potassium hydroxide on the 
steam-bath and after isolation as before could be crystallised from 
aqueous acetic acid (yield 6 g. or 75%). This product was 
acetylated by treatment with boiling acetic anhydride in presence 
of sodium acetate. The diacetyl derivative crystallised from 
methyl alcohol in colourless, flat, pointed needles, m. p. 141*5—142*5° 
(corr.) (Found: C, 63*1; H, 4*5. C 21 H 18 0 8 requires C, 63*3; 
H, 4*5%) and was hydrolysed by gently heating with aqueous 
potassium hydroxide. The datiscetin dimethyl ether, obtained by 
saturation of the solution with carbon dioxide, crystallised from 
alcohol in almost colourless, glistening needles, m. p. 218—219° 
(corr.) [Found: MeO by micro-Zeisel, 19*7. C 15 H 8 0 4 (0Me) 2 
requires MeO, 19*7%]. The yellow solution in sulphuric acid 
gradually acquires a weak green fluorescence and a yellow solution 
results when a few drops of a mineral acid are added to a suspension 
of the dimethyldatiscetin in acetic acid. An alcoholic solution 
gives a blackish-green coloration with ferric chloride. Mordant 
dyeing properties were not observed. 

Datiscetin (I).—A mixture of 5 : 7-diacetoxy-3 : 2'-dimethoxy- 
flavone (1 g.) and hydriodic acid (15 c.c.; d 1*7) was boiled for 30 
minutes, and the hot solution filtered (Jena sintered glass) and 
allowed to cool. The dark yellow crystals of the hydriodide were 
collected, decomposed by very dilute sulphurous acid, and crystal¬ 
lised from alcohol. The m. p. was at first 260°, but by continued 
recrystallisation a product, m. p. 276° (corr.), was ultimately 
obtained in long, pale yellow needles. The specimen of natural 
datiscetin which was available had m. p. 270*5—271*5° (corr.) and 
an intimate mixture of the two specimens melted at 273—274° 
(corr.). The reactions and dyeing properties of the two products 
were identical. The tetra-acetyl derivative, prepared in the usual 
manner, crystallised from alcohol in large, colourless, glistening 
prisms, m. p. 141°. (corr.) (Found : C, 60*8; H, 4*0. Calc, for 
C 23 H 18 O 10 , C, 60*8; H, 4*0%). Korczynski and Marchlewski (tor. 
cit.) give 138° (uncorr.) as the m. p. of datiscetin tetra-acetate. The 
synthetical specimen was also benzoylated by following the method 
of Korczynski and Marchlewski (loc. cit.) ; the product crystallised 
from 90% acetic acid in star-shaped aggregates of small needles,, 
m. p. 191—192° (corr.), and at the same temperature when mixed 
with a specimen prepared from natural datiscetin. 

3 : 7 : 2'-Trimethaxy-&-hydroxyflav(M^ .—Datiscetin dimethyl ether 
(1 mol.) was methylated by means of methyl iodide (4 mols.) and 
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potassium hydroxide (4 mols.) in boiling methyl-alcoholic solution 
for 12 hours. The product crystallised from methyl alcohol in 
long, colourless needles, m. p. Ill—112*5° [Found: MeO, 28*1. 
C 15 H 7 0 3 (0Me) 3 requires MeO, 28*3%]. This substance is sparingly 
soluble in cold methyl alcohol and gives a dull brownish-green 
coloration with ferric chloride. It is insoluble in cold aqueous 
sodium hydroxide and on boiling the material becomes yellow but 
does not dissolve. 

3 -Methexy-5 : l-dihydroxy-2-meihylchromone (IV).—A mixture of 
<u-methoxyphloracetophenone (5 g.), o-acetoxybenzoie anhydride 
(D.R.-P. 201325) (23 g.) and sodium o-aeetoxybenzoate (9 g.) was 
heated at 160° for 4*5 hours and then worked up as described in the 
case of datiscetin dimethyl ether. The phenolic product crystallised 
from aqueous alcohol in long, pale yellow, glistening needles, m. p. 
223—224° (corr.) [Found : MeO, 12*8; loss at 90°, 7*3 ; in material 
dried at 90°; MeO, 13*8; M by micro-Rast, 208, 228. 
C 10 H 7 O 4 (OMe),H 2 O requires MeO, 12*9; H 2 0, 7*3%. C 10 H 7 O 4 (OMe) 
requires MeO, 14*0%; M , 222]. The substance exhibited the 
properties of a hydroxylated chromone and we confirmed our view 
of its nature by the following more rational synthesis. A mixture 
of u-methoxyphloraeetophenone (3 g.), fused sodium acetate (6 g.), 
and acetic anhydride (12 e.c.) was heated (oil-bath at 170°) for 
4*5 hours, and the chromone isolated in good yield in the usual 
manner. After crystallisation from alcohol, the substance had 
m. p, 223—224° (corr.), alone or mixed with the specimen obtained 
from o-acetoxybenzoic acid. 


The Occurrence of Galangm in the Root of Datisca cannabina. 


The specimen labelled datiscetin in the Schunck Collection crystal¬ 
lised from aqueous alcohol in pale yellow needles, m. p. 235—240° 
with softening from 220°. Its behaviour with solvents, alkaline 
solutions, mineral acids, potassium acetate and ferric chloride in 
alcoholic solution closely resembled that of datiscetin and the 
dyeing properties of the two substances were also identical. There 
was, however, one striking difference in that the yellow solution in 
sulphuric acid, at first non-fluorescent, quickly acquired a striking 
violet fluorescence which was different in tone from the bluer 


fluorescence due to kaempferol and was entirely distinct from that 
due to datiscetin. The micro-analyses which we carried out led to 
no definite conclusion except that methoxyl groups are not present* 
The ^ibstaaoe is hydrated and contains relatively less oxygen than 
dati^etia. It was then shown by qualitative tests that fusion with 
potassium hydroxide yields phloroglucinol and that picric acid is 
produced when the substance is boiled with nitric acid. The clue to 
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the nature of the material was found in the observation that 
galangin gives a yellow solution in sulphuric acid which soon 
develops a brilliant violet fluorescence that is but slightly dulled 
by the addition of a relatively large amount of datiscetin. The 
appearance of the sulphuric acid solution of a mixture of synthetical 
galangin and datiscetin was identical with that of the Schunek 
specimen dissolved in the same solvent. The following observations 
were then made under similar conditions: Schunck-datiscetin, 
m. p. 220—240°; mixed with datiscetin, m. p. 225—245°; mixed 
with more datiscetin, m. p. 250—260°; mixture of galangin and 
datiscetin, m. p. 240—255°; the last with more galangin, m. p. 

223—240°; the last mixed with Schunck-datiscetin, m. p. 220—238°. 

A mixture of equal parts of galangin and datiscetin was crystallised 
from aqueous alcohol and prisms and needles were obtained. The 
solution was then gently heated to dissolve the needles, filtered, and 
allowed to cool. The apparently homogeneous needles, m. p. about 
240° with previous softening, contained both galangin and datis¬ 
cetin and closely resembled Schunck-datiscetin in appearance and 
in the fluorescence of a solution in sulphuric acid. 

The authors wish to thank the Royal Society for a grant which 
has defrayed a part of the expense of the investigation and they 
also express their gratitude to the Ramsay Memorial Fellowship 
Trust for a Fellowship (Netherlands) which has enabled one of them 
to take part in the research. 

The University, Manchester. [Received, June 18^,1925.] 

CCLXV .—The Synthesis of certain 2-Styrylchromonol 

Derivatives. 

By Robert Robinson and Jxrazo Shinoda. 

Just as the difference in composition between successive members 
of the series of naturally occurring fatty acids is C 2 H 4 , so it would 
seem that the increment most common among plant products of 
the aromatic groups is C 2 H 2 . Thus benzoic acid and cinnamic acid 
are associated in many cases and piperic acid represents the next 
member of the series. Moreover, whilst methyl and propenyl or 
allylbenzene derivatives are of frequent occurrence, it is less usual 
to encounter derivatives of ethylbenzene among the constituents ^ 
of plants.* For this reason we consider it probable that repre- 

* There are, of course, exceptions to this rule, but many of the natw^'^4c 
products with a side-chain comprising two carbon atoms have sm 
relation to more oomplex substances. Thus hordemne, adrenaline 
are probably derived by! decarboxylation of derivatives- ‘ 
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■sentatives of the styrylchromones occur in nature and it may be 
pointed out that fukugetin, C 17 H 12 0 6 (Perkin and Phipps, J., 1904, 
<85, 58), may be a tetrahydroxystyrylchromone related to luteolin, 
-whilst pratensol, C 17 H 9 0 2 (0H) 3 (Power and Salway, J. } 1910, 97, 
231), may be similarly related to apigenin. It is significant that 
pratensol was found among the constituents of Trifolium ypratense 
in company with undoubted fiavone derivatives such as quercetin 
and isorhamnetin, with pratol, probably a hydroxymethoxyflavone, 
and with a compound, C 15 H 7 0 3 (0H) 3; isomeric with kaempferol. 
In the hope of making a contribution to this subject we have 
synthesised some styrylehromone derivatives which are, however, 
related to flavonols rather than to flavones. The method adopted 
was that indicated by Allan and Robinson (J., 1924, 125, 2192) 
and utilised by Kalff and Robinson (preceding paper) in the synthesis 
of methylgalangin, datiscetin, and myricetin. In the simplest 
example a mixture of w-methoxyresacetophenone, cinnamic anhydr¬ 
ide, and sodium cinnamate is heated at about 180° and after 
hydrolysis of the product, 7 -hydroxy-3-methoxy-2-styrylchromone (I) 
can be isolated. On reduction with hydrogen in presence of pallad¬ 
ium a dihydro -derivative (II) is obtained, and the constitution of 
this substance is confirmed by its synthesis from o-methoxyresaceto- 
phenone, p-phenylpropionic anhydride, and sodium p-phenylpro- 
pionate. In a similar manner the compounds HE and IV were 
obtained from w-methoxyphloracetophenone and the appropriate 
cinnamic acid derivatives. 


O 

a) Ho/\/\q-CH:CHPh 
\/\/C-OMe 
CO 


0 



•CH 2 -CH 2 Ph 

•OMe 
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/^/^p-CHrCHPh 
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.'C-OMe X —' 


(HI.) HO 

OMe 

p-CH:OH<^2/OMe 



(IV.) 


0 


HO 


/C-OMe 
CO (V.) 


Ho/y^— 

^/X/C-OMe 
HO CO (VI.) 


The compounds I, II, and III could be demethylated in the 
ufeaai way by means of hydriodic acid and we have thus, in the 
last-inentiohed case, obtained the styryl analogue of galangin. 

# Uirfortunately no crystalline material could be isolated from the 
products of demethylation of IV and V, so that we have not been 
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able to examine the styryl analogues of kaempferol and quercetin. 
Should these substances be encountered in the examination of 
material of natural origin, they could be recognised by means of 
their products of methylation under specified conditions. Both 
IV and V yield monomethyl ethers when shaken in aqueous alkaline 
solution with methyl sulphate. There can be little doubt that, 
as in the case of quercetin, it is the hydroxyl in position 5 which 
is resistant to the methylating agent. Direct comparison shows 
that the styryl compounds are more intensely coloured than the 
corresponding flavones and as mordant dyestuffs they are character¬ 
ised by much greater tinctorial power. Before we were acquainted 
with the difficulty of demethylating the compound IV, it seemed 
desirable to acquire a specimen of kaempferol for purposes of 
comparison. The simplest plan was to adopt the new method of 
synthesis, and a kaempferol dimethyl ether (VI) was prepared from 
to - methoxyphlor acetophenone, anisic anhydride, and sodium anisate. 
On demethylation, kaempferol, identical with the natural product, 
was readily obtained. This flavonol has been previously synthesised 
by von Kostanecki and Tambor (Ber., 1904, 37, 792) and von 
Kostanecki, Lampe, and Tambor {ibid., p. 2096). 

Experimental. 

7-Hydroxy-3-methoxy-2-$tyrylchromone (I).—A mixture of w-meth- 
oxyresacetophenone (4 g.) (Slater and Stephen, J., 1920, 117, 313), 
sodium cinnamate (7*5 g.), and cinnamic anhydride (16 g.) was 
heated (oil-bath at 180—185°) for 3 hours. The product was 
hydrolysed by boiling with a mixture of potassium hydroxide 
(8*5 g.), alcohol (100 c.c.), and a little water for 30 minutes. The 
alcohol was removed by distillation from the steam-bath and 
sufficient water added to dissolve the residue, the solution being 
then saturated with carbon dioxide. The yellow precipitate was 
crystallised several times from acetic acid and dried (4*5 g.) 
(F&und: G, 73*4; H, 4*9. C 18 H 14 0 4 requires G, 73*5; H, 4*7%). 
This compound is sparingly soluble in alcohol and acetic acid and 
crystallises in long, pale yellow needles, m. p. 250°. It develops 
no coloration with alcoholic ferric chloride and its bright yellow 
solution in aqueous sodium hydroxide is not fluorescent. The 
intense yellow solution in sulphuric acid exhibits a vivid green 
fluorescence. 

3 : 7 -Dihydroxy-2-styrylchromone (corresponding with I).—The 
methyl ether just described was treated with an excess of boiling 
hydriodic acid (d 1*7) for 30 minutes in a stream of carbon dioxide, 
the mixture added to dilute sulphurous acid, and the bright yeftpw 
substance crystallised from methyl alcohol and acetic acid(Eormd* 
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C> 72*8; H, 4-5. C 17 H 12 0 4 requires 0, 72*8; H, 4*2%). The 

woolly needles separating from methyl alcohol have m. p. 257° and 
the yellow solutions in aqueous sodium hydroxide and in sulphuric 
acid exhibit green fluorescence. The coloration with alcoholic 
ferric chloride is dark brownish-green. On an aluminium mordant * 
a bright and full lemon-yellow colour was produced, whereas 3:7- 
dihydroxyflavone exhibits very poor affinity and the silk is just 
coloured a pale yellow. On a chromium mordant the styryl com¬ 
pound gives an intense golden-yellow colour, whilst the related 
flavonol gives a much paler greenish-yellow. On an iron mordant 
both substances give a deep cinnamon-brown shade. The differences 
observed are not merely of intensity but also of tone. In order to 
obtain 3 : 7-dihydroxyflavone for this comparison we demethylated 
7-hydroxy-3-methoxyflavone (Allan and Robinson, be. cit.) in the 
usual maimer by means of hydriodic acid; the product, after 
crystallisation from methyl alcohol, acetic acid, and finally from 
ethyl acetate, formed pale yellow, glistening, flat needles, m. p. 
258° (Found: G, 66*4; H, 4*7; loss at 100° in a high vacuum, 
6-9. C 15 H 10 0 4 ,H 2 0 requires C, 66*2; H, 4*4; H^O, 6*6%). 
von Kostanecki and Stoppani (Ber. } 1904, 37, 1180) have previously 
obtained this substance from its 7-methyl ether, but they do not 
state that it crystallises with 1H 2 0. 

$-Phenylpropionic Anhydride .—We have found the method 
adopted by Liebermann (Ber., 1883, 21, 3372) for the preparation 
of cinnamic anhydride to be expeditious and have employed it in 
other cases. A solution of p-phenylpropionic acid (15 g.) in acetic 
anhydride (30 g.) was boiled for 4 hours and then distilled; IQ g. 
of a viscous liquid, b. p. 216—217°/14 mm., were obtained (Found : 
C, 76*3; H, 6*7. C 18 H 18 0 3 requires C, 76*6; H, 6-4%). 

l-Hydroxy-3-methoxy-2‘$~phenylethylchromone (II).—(A) 7-Hydr- 
oxy-3-methoxy-2-styrylchromone (1 g.) dissolved in acetic acid 
(200 o.e.) was reduced by shaking with hydrogen, aqueous palladous 
chloride (10 c.c. of 1%) having been added to the mixture. Absdtp- 
tion ceased after about 2 hours. The product crystallised from 
aqueous acetic acid in colourless prisms, m. p. 186—187° (Found: 
C, 72-6; BE, 5*5, C 18 H 16 0 4 requires C, 72*9; H, 5*4%). The 
yellow solution in sulphuric acid exhibits a blue fluorescence. 

(B) co-Methoxjresacetophenone (2 g.) 5 sodium £-phenylpropionate, 
and p-phenylpropionic anhydride (8 g.) were mixed and heated 

* All the dye-trials were made on silk. The aluminium mordant was 
prepared from alum end soditup carbonate and fixed with sodium silicate 
and it was found to be essential to exclude even traces of iron. The chromium 
mordant was prepared from basic chrome alum, fixed with sodium silicate, 
and the fabric was iron-mordanted by successive treatment with a solution 
df fermc nitrate and a solution containing soap and sodium carbonate. 
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at about 180° for 3 hours. The product, isolated as in the case of 
the styryl analogue, crystallised from aqueous acetic acid in colour¬ 
less prisms, m. p. 186—187°, which was not depressed by admixture 
with the specimen prepared by the method (A). 

3 : 7 -Dihydroxy-2-^-phenylethylchrcmone, obtained by demethyl- 
ation of the 3-methyl ether by means of boiling hydriodic acid, 
crystallises from aqueous alcohol in almost colourless, prismatic 
needles, m. p. 169° (Found in material dried at 100° with change 
of appearance: C, 68-0; H, 54. C 17 H 14 0 4 requires C, 68*0; 
H, 5*3%). The substance is readily soluble in most organic solvents 
and its solution in aqueous sodium hydroxide is colourless. It is 
devoid of any trace of mordant dyeing properties. The yellow 
solution in sulphuric acid exhibits a blue fluorescence and the ferric 
chloride coloration in alcoholic solution is dark violet. 

3 - Methoxy-5 : 7 -dihydroxy-2-styrylchromone (III).—A good yield 
of this compound was obtained by following in every detail the 
method described for the preparation of 3-methoxy-7-kydroxy- 
2-styrylchromone. The yellow substance crystallises from acetic 
acid in microscopic needles, m. p. 241° (Found: C, 69*8; H, 4*6. 
C 18 H 14 0 5 requires C, 69*9; H, 4*5%). The orange-yellow alcoholic 
solution is coloured brown by the addition of a trace of ferric 
chloride, and the yellow solution in sulphuric acid shows a green 
fluorescence which becomes more intense on standing. 

3:5: 7 -Trihydroxy-2-styrylchromone (corresponding with III).— 
The product of demethylation of the foregoing ether crystallised 
from alcohol in stellar clusters of yellow needles, m. p. 249° (Found 
in material dried at 100° in a high vacuum: C, 68*7; H, 4*1. 
C 17 H 12 0 5 requires C, 68*9; H, 4*0%). The golden-yellow solution 
in aqueous sodium hydroxide does not fluoresce, but the sulphuric 
acid solution exhibits strong fluorescence. The shades yielded by 
galangin on mordanted silk are almost identical with those given 
by 3:7-dihydroxyflavone, and the styryl analogue of galangin 
now described yields, on an aluminium mordant and on an iron 
mordant, shades similar to those given by 3 : 7-dihydroxy-2-styryl- 
chromone. On a chromium mordant, however, it yields a bright 
orange dyeing. The tirictcetyl derivative was obtained by the action 
of boiling acetic anhydride in presence of fused sodium acetate on 
the trihydroxystyrylchromone. It crystallises from alcohol in 
nearly colourless, prismatic needles, m. p. 215—216°. 

4- Meihoxycinnamic Anhydride. —4-Methoxycinnamic acid was 
obtained in almost quantitative yield by acidification of a diluted 
mixture of anisaldehyde (1 mol.), malonie acid (2*5 mols.), pyridine 
(3 mols.), and a few drops of piperidine which-had.'beestt. 

the steam-bath during 1*5 hours and then boiled. The acM 
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lised from boiling water in colourless, prismatic needles, m. p. 173° 
(recorded in the literature, 171°), and was dehydrated by vigorously 
boiling with three times its weight of acetic anhydride for 15 hours. 
After the excess of acetic anhydride and the acetic acid formed 
had been removed by distillation, the cooled residue solidified and 
could be directly employed in the chromonol synthesis. The 
substance crystallises from ethyl acetate in large prisms, m. p. 
119—120° (Pound: C, 71-3; H, 5*5. C 20 H 18 O 5 requires C, 71*0; 
H, 5*3%). The substitution of methoxyl for hydrogen in the 
^-position in benzoic and also in cinnamic acid has the effect of 
making anhydride formation by this method very noticeably more 
difficult. It is possible that methoxyl in the m-position has an 
influence in the other direction, since it is more easy to dehydrate 
veratric acid and 3 :4-dimethoxycinnamic acid than anisic acid 
and 4-methoxyeinnamic acid. 

The following method has also been successfully employed for 
preparing the anhydride (compare Fischer and Freudenberg, Ber., 
1913, 46, 1124). 4-Methoxycinnamic acid (5 g.) was converted 
into the chloride by gentle heating during about 25 minutes with 
purified thionyl chloride (25 g.) and removal of excess of the reagent 
by distillation in a vacuum. The crystalline chloride together with 
4-methoxyeinnamic acid (4 g.) was dissolved in chloroform, and 
pyridine (9 c.c.) gradually introduced. The anhydride crystallised 
and could be isolated after 3 hours by the addition of alcohol and 
washing with very dilute aqueous ammonia. Recrystallised from 
ethyl acetate, it had m. p. 119—120° (yield 8 g.). 

3 : 4c r -Dimethoxy-5 : 7 -dihydroxy-2-styrylchromone, (IV).—An intim¬ 
ate mixture of cu-methoxyphloracetophenone (4*5 g.), 4-methoxy- 
cinnamie anhydride (18 g.), and sodium 4-methoxycinnamate 
(9 g.) was heated at 180° in a vacuum for 3 hours, and the product 
hydrolysed by treatment with potassium hydroxide (10 g.) and 
alcohol (100 c.c.) at the boiling point for | hour. The yellow pre¬ 
cipitate obtained by saturating the diluted mixture with carbon 
dioxide, after being washed and dried (yield 90%), crystallised from 
acetic acid in aggregates of intensely yellow needles, m. p. 228° 
(Found: C, 66*7; H, 4*2. C 19 Hi 6 0 6 requires G, 67*0; H, 4*2%). 
The orange solution in sulphuric acid exhibits greenish-yellow 
fluorescence and the yellow solution in alcohol develops a brown 
coloration with ferric chloride. 

3:7: 4z'-Trimethoxy-o-hydroxy-2-styrylchromone, the methyl ether 
of the substance described in the last section, was obtained by 
shaking the red solution of the phenol in aqueous sodium hydroxide 
with methyl sulphate until the yellow precipitate no longer dissolved 
on the addition of more sodium hydroxide. The product was 
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collected, washed with water, and crystallised from aqueous acetic- 
acid, separating in bright yellow prisms, m. p. 156° (Found : C, 
67-6; H, 5*0. C 20 H 18 O 6 requires C, 67*8; H, 5*1%). This substance 
is quite insoluble in aqueous sodium hydroxide, even when boiled*, 
but the intensification of the colour from yellow to orange in alcoholic 
solution on the addition of solid potassium hydroxide indicates the* 
weak phenolic function. It is curious that on diluting such an 
alcoholic solution with water a clear yellow liquid is obtained and 
the phenol actually separates completely on boiling, leaving a 
colourless solution. The alcoholic solution gives a yellowish-brown 
coloration on the addition of ferric chloride. 

3 : 4:-Dimethoxycinnamic Anhydride .—3 : 4-Dimethoxycinnamic- 
acid is obtained in almost quantitative yield from veratraldehyde 
by condensation with malonic acid in pyridine-piperidine solution 
at 100° and it may also be conveniently prepared by the methyl- 
ation of ferulic acid which is effected by shaking an aqueous alkaline- 
solution with methyl sulphate. Ferulic acid was produced in 
80% yield when a mixture of vanillin (50 g,), malonic acid (104 g.)* 
pyridine (140 c.c.), and piperidine (4 c.c.) was heated for 1*5 hours 
on the steam-bath. The acid, crystallised from hot water, had, 
m. p. 171° (recorded in the literature, 168—169°). A mixture of 
3 :4-dimethqxycinnamic acid (5 g.) and acetic anhydride (10 g.) 
was vigorously boiled for 5 hours and the acetic acid and excess 
of acetic anhydride removed by distillation in a vacuum. The- 
residue was dissolved in a little hot benzene and, on cooling, the 
new anhydride separated. It crystallised from ethyl acetate in 
colourless needles, m. p. 174—175° (Found : C, 66*4; H, 5*8. 
0 22 H 2 20 7 requires C, 66*3; H, 5*5%). 

3 : 3': 4' -Trimethoxy-5 : 7 -dihydroxy-2-sty rylchromone (V).—The 
method of preparation of this substance from w-methoxyphloraceto- 
phenone, 3 :4-dimethoxycinnamic anhydride, and sodium 3 : 4-di- 
methoxycinnamate followed exactly the lines of the similar cases* 
described above. The bright yellow substance is readily soluble 
in alcohol and acetic acid, but may be crystallised from methyl 
alcohol in fine orange needles (Found: C, 61*7; H, 5*2; loss at . 
100° in a high vacuum, 5*3. C 20 H 18 O 7 ,H 2 O requires C, 61-8; H,. 
5*3; H 2 0, 4*9%). The dried material is yellow and has m. p„. 
233—234°, The orange solution in sulphuric acid exhibits a weak 
green fluorescence; 'the ferric chloride reaction in alcoholic solution 
is brown; and the alkaline solutions are orange-yellow. 

3:7:3': 4' -Tetrametho%yS~hydro%y-2-styryfohromone .—The phenol 
last described was mixed with a little water and treated alternately 
with concentrated potassium hydroxide and methyl sulphate until 
the solution was no longer red when alkaline. The yellow precipitate - 
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crystallised from alcohol and from ethyl acetate in glistening, yellow 
leaflets, m. p. 203—204° (Found: C, 65*3; H, 5*2, C 2 iH 2 o0 7 
requires C, 65*6; H, 5*2%). The behaviour of this compound with 
aqueous and alcoholic solutions of alkali metal hydroxides and with 
ferric chloride closely resembled that of 3:7:4'4rimethoxy- 
5-hydroxy-2-styrylchromone. 

3 : 4t -Dimethoxy-5 : 7 -dihydroxyflavone (VI).—Anisic acid is not 
completely dehydrated by boiling acetic anhydride in 6 hours, 
but in 20 hours a good yield of the anhydride is obtained and the 
process is convenient. The substance isolated as in the example 
previously described, crystallised from ethyl acetate in needles, 
m. p. 98—99° (compare Pisani, Annalen , 1857, 102, 284). The 
preparation of a flavonol derivative from w-methoxyphloraceto- 
phenone (2-5 g.), anisic anhydride (10 g.), and sodium anisate 
.(5 g.) was carried out as in previous cases. The crude product 
crystallised from aqueous acetic acid in pale yellow platelets with 
rounded comers, m. p. 234°. The substance exhibits a bronze-like 
appearance (Found : C, 65*1; H, 4*6. C 17 H 14 0 6 requires C, 65*0; 
H, 4*4%). This kaempferol dimethyl ether is sparingly soluble 
in hot methyl alcohol and gives a violet ferric chloride reaction in 
alcoholic solution. Its yellow solution in concentrated sulphuric 
acid exhibits a bright bluish-green fluorescence the intensity of 
which increases on standing. On demethylation with hydriodic 
acid (d 1*7) in the usual manner, kaempferol was readily obtained. 
The pale yellow needles deposited from alcoholic solution had m. p. 
276—277° and this is the m. p. given by A. G. Perkin (J., 1902, 
SI, 585), whereas von Kostanecki and Gordin quote the value 
271° (Ber., 1901,34, 3723) and von Kostanecki, Lampe, and Tambor 
( loc . cit.) give the m. p. 275° for the synthetical material. The 
strong greenish-blue fluorescence of the yellow solution in sulphuric 
acid was observed and the dyeing and other properties were those 
of kaempferol. The tetra-acetyl derivative was prepared and after 
cryststllisation from ethyl alcohol had m. p. 181—182°, but, as 
stated by A. G. Perkin, when crystallised from methyl alcohol the 
substance sinters at 116—120° without completely melting, then 
hardens on further heating and melts at 181—182°. These observ¬ 
ations render it certain that the synthetical material is identical 
with the naturally occurring flavonol called kaempferol. 

We desire to thank the Royal Society for a grant which has 
defrayed a part of the cost of this investigation. 

, The University, Manchester* [Received, June 2Zrd, 1925.] 
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CCLXVI .—Synthetical Experiments in the isoFlavone 
Group . Part /. 

By Wilson Baker and Robert Robinson. 

Whilst derivatives of 2 -pheny lehr omone (fiavone) and related 
substances in various states of oxidation (catechins, cyanomaclurin, 
butein, hyssopinaglykone, the anthocyanins and anthoxanthins) 
are found widespread in nature, the occurrence of derivatives of 
3-phenyIchromone (isoflavone) has not yet been definitely proved 
in any single instance. Nevertheless Finnemore has suggested 
{Pharm. J., 1910, 31, 604) that prunetin, C 16 H 12 0 5 , obtained by 
hydrolysis of the glucoside prunetrin is the methyl ether of a 
trihydroxyisoflavone (I) and the isolation of p -hy dr oxyphenylacetic 
acid and phloroglucinol from the products of fusion with potassium 
hydroxide is strong evidence that this view is correct. On demethyl- 
ation prunetin yields prunetol, C 15 H 10 O 5 , and we are informed by 
Professor A. G. Perkin that there is a possibility that this substance 
is identical with genistein, the colouring matter of Dyer’s Broom 
{Genista tinctoria) (Perkin and Newbury, J., 1899, 75, 830; Perkin 
and Horsfall, J\, 1900, 77, 1310). The following comparison will 
serve to make clear the basis of this suggestion. Genistein; long, 
colourless needles from aqueous alcohol, m. p. 291—293° ; prunetol, 
colourless needles from aqueous alcohol, m. p. ca. 290° {decomp.) : 
triacetylgenistein, m. p. 197—201°; triacetylprunetol, m. p. 205° : 
genistein dimethyl ether, colourless leaflets from alcohol, m. p. 
137—139°; prunetin monomethyl ether, flat needles, m. p. 145° : 
acetyl derivative of genistein dimethyl ether, colourless needles, 
m. p. 202—204° ; acetyl derivative of prunetin monomethyl ether, 
colourless needles, m. p. 202°. In addition it was found that 
genistein dimethyl ether yields #-methoxyphenylacetic acid by 
hydrolysis with alcoholic potassium hydroxide. 

A synthesis of the compound (I) would clearly be of considerable 
interest and we have decided to attempt it* The present com¬ 
munication is a record of the necessary preliminary investigation 
of the methods available, and it has been found that though iso- 
flavones substituted in position 2 are easy to prepare, the contrary 
is the case when it is desired to leave this position unsubstituted. 


(i.) ho/Y x S h 

y 0H 

ho co x ~' ' 
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MeO 

CO 
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The problem is analogous to that presented by the synthesis of 
vol. oxxvxr. 3 x 
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anhydrobrazilic acid, which is also a 3-substituted chromone 
derivative, but the method which was successful in that case (Perkin 
and Robinson, J., 1908, 93, 503) was found to be inapplicable in 
the present instance. Ultimately 7-methoxy^oflavone (II) was 
synthesised by degradation of its 2-styryl derivative (X) by 
oxidation with potassium permanganate in pyridine solution and 
thermal decomposition of the resulting 7-methoxyisoflavone- 
2-carboxylic acid. A synthesis of (I) is thus rendered feasible. 
2-Substituted isoflavones are quite readily obtained by the inter¬ 
action of 2 : 4-dihydroxyphenyl benzyl ketone or the corresponding 
phloroglucinol derivative with a mixture of the anhydrides and 
sodium salts of carboxylic acids at 170—180° in accordance with a 
general method. For example, interaction of the former ketone and 
acetic anhydride and sodium acetate followed by hydrolysis of the 
product yields 1-hydroxy-2-methylisoflavone (III), 7 -hydroxy-3-phenyl- 
flavone (IV) is similarly obtained by means of benzoic anhydride and 
sodium benzoate, whilst 2:4; 6-trihydroxyphenyl benzyl ketone, 
acetic anhydride, and sodium acetate yield ultimately the isoflavone 



A substance which, it was claimed, had the formula (III) has 
been obtained by Ghosh (J., 1916, 109, 105) and formulas (IV) 
and (V) have been assigned by Jacobson and Ghosh (J., 1915, 107, 
1051) to compounds prepared by them, but the properties of the 
substances as recorded by these authors do not tally, even approxi¬ 
mately, with our observations and there appears to be no possibility 
that the specimens prepared by the two methods can be identical. 
Since the synthetical process employed by Ghosh and by Jacobson 
and Ghosh is essentially that due to von Pechmann and was 
originally devised for the synthesis of coumarins, it seems possible 
that all these compounds, including eleven alleged wflavones, are 
a-pyrones. In regard to the three substances already mentioned, 
tjais conclusion is inevitable unless it can be shown that we have 
taken a Wrong view of the course of the reactions described in this 
communication. No alternative, however, is possible in the case 
of the compound (IV) and in regard to (III) (with which V is 
doubtless strictly analogous) the relations included in the annexed 
scheme dqugtonstrate the correctness of our hypothesis. The 
dotted arrows show possible courses of the reactions and the full 
WfQWg fita potion in wfmk they actually proceed; 
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2 : 4-Dihydroxyphenyl benzyl ketone 4- 
Ac 2 0 + AcONa; hydrolysis 


The condensation of ethyl (3-keto-y-phenylbutyrate and resorcinol 
yields 7 -hydroxyA-benzylcoumarin (VII), because the product of the 
reaction is not identical with the 7-hydroxy-2-benzylchromone (VI) 
synthesised by Hannach and Kostanecki (Ber., 1902, 35, 867). The 
non-identity of (III) and (VII) disposes of the only alternative for 
(III) and therefore the compound obtained by Ghosh from acetyl- 
phenylacetonitrile and resorcinol must have the constitution (VIII). 
It is possible that the whole of the compounds described by Jacobson 
and Ghosh and by Ghosh in four papers (he. cit. and J., 1915,107, 
424, 959) as y-pyrones are in fact a-pyrones. A further critical 
examination of this subject is in progress. The question of the 
mechanism of the chromone synthesis is to some extent answered 
as the result of the observation that the di-oacetyl derivative of 
2:4-dihydxoxyphenyl benzyl ketone, which is stable to acetic 
anhydride alone, suffers ring closure under the influence of acetic 
anhydride and sodium acetate. 

The action of cinnamic anhydride and sodium cinnamate 
(compare the preceding paper) on 2 :4-dihydroxyphenyl benzyl 
ketone gave rise to l^cinmmoyhooy^styrylisoflavoTie (IX), from 
which (X) and then, as already stated, (II) were derived. The 

O 

MeO/N /N ^C-GH:CHPh. 
kA/OPh (xo 
QO 

3x2 


investigation is being extended. 

0 


CHPhlCH-CO-O] 

(IX.) 



CHICHPh 



1984. BAKER AND ROBINSON l SYNTHETICAL EXPERIMENTS 

The alkali-metal salts of (IV) exhibit phenomenal colloidal 
properties, a preliminary account of which is given in the experi¬ 
mental section. 


Experimental. 

l-Hydroxy-2~methylisoflavone (III).—The red solution exhibiting 
green Suorescence which is obtained after boiling the acetyl deriv¬ 
ative (see below) with an excess of dilute aqueous sodium carbon¬ 
ate for 2 hours was acidified and the crystalline precipitate collected 
(yield—over 90% from 2 : 4-dihydroxyphenyl benzyl ketone). The 
substance separates from methyl alcohol containing a few drops of 
water in very pale brownish-yellow needles melting at 240° when 
rapidly heated (Found : C, 76*3; H, 4*8. C 16 H 12 0 3 requires C, 76*2; 
H, 4*8%). The colourless solutions in aqueous sodium hydroxide 
and concentrated sulphuric acid exhibit weak blue and bluish- 
violet fluorescences respectively. The methyl ether obtained by 
interaction with methyl sulphate in aqueous potassium hydroxide 
solution at about 60° crystallised from aqueous alcohol in nearly 
colourless needles, m. p. 135*5° (Found : C, 76*7 ; H, 5*3. C 17 H 14 O s 
requires 0, 76*7; H, 5*3%). The acetyl derivative was prepared 
by heating (oil-bath at 170—180°) a mixture of 2 : 4-dihydroxy- 
phenyl benzyl ketone (10 g.) (Chapman and Stephen, J., 1923,123, 
404), acetic anhydride (40 c.c.), and anhydrous sodium acetate (10 g.) 
under reflux for 12 hours. The product was shaken with dilute 
hydrochloric acid, and the solid crystallised from alcohol in colour- 
jess prisms, m. p. 162° (Found : C, 73*6; H, 4*8. C 18 H 14 0 4 requires 
•C, 73*4; H, 4*8%). The same compound was obtained from 
*2 4-diacetoxyphenyl benzyl ketone (Chapman and Stephen, he . 
«cit) in a precisely similar manner. 

7 -Hydroxy-4:-benzylcoumarin (VII).—A solution of resorcinol 
v(2 g.) and ethyl p-keto-y-phenylbutyrate (2 g.) (Attwood, Stevenson, 
sand Thorpe, J., 1923, 123, 1762) in concentrated sulphuric acid 
410 c.p.) was heated on the steam-bath for 20 minutes. The solid 
isolated after the addition of water crystallised from alcohol in 
faintly brown prisms, m. p. 225—226° (Found: C, 76*2; H, 4*9. 
<c i«H w 03'-. re <ltiires' 0, 76*2; H, 4*8%). The yellow solution in 
.aqueous sodium hydroxide has a blue fluorescence and the colourless 
solution in sulphuric acid fluoresces bluish-violet. 

5 : 7 -Dihydroxy-2-metJiylisoflavone (V).—This substance and its 
.derivatives were obtained, in the first place from 2:4: 6-trihydroxy* 
phenyl benzyl ketone (Chapman and Stephen, he. at), by methods 
.entirely similar to those used in the case of the resorcinol analogue. 
'The substance crystallises from concentrated alcoholic solution in 
iaintiy yellowish-brown prisms, m. p. 228° (Found : C, 71*7; 
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H, 4*7, C 16 H 12 0 4 requires C, 71-6; H, 4*5%). The yellow solu¬ 
tion in aqueous alkalis does not exhibit fluorescence. 

The diacetyl derivative crystallises from alcohol in colourless, 
silky needles, m. p. 169° (Found: C, 68*0; H, 4*6. C 20 H 16 O 6 
requires C, 68*2; H, 4*6%). The 1-monomethyl ether crystallises 
from methyl alcohol in glistening, colourless needles, m. p. 186— 
187°, insoluble in aqueous sodium hydroxide but giving a bluish- 
green coloration with ferric chloride in alcoholic solution. The 
solutions in concentrated sulphuric acid of this and the two sub¬ 
stances last described exhibit weak bluish-green fluorescence. 

7 -Hydroxy-%-phenylflavone (7 -Hydroxy-2-phenyliBoflavone) (IV).— 
A mixture of 2 :4-dihydroxyphenyl benzyl ketone (20 g.), benzoic 
anhydride (100 g.), and sodium benzoate (10 g.) was heated (oil- 
bath at 180—190°) for 12 hours, and the product dissolved in 
alcohol (250 c.c.) and water (50 c.c.) by heating on the steam-bath. 
A solution of potassium hydroxide (60 g.) in water (100 c.c.) was 
added, and heating on the steam-bath continued for 15 minutes, 
after which water (500 c.c.) was added “and the phenol precipitated 
by saturating the solution with carbon dioxide. It is important to 
follow the above directions in order to ensure the avoidance of the 
formation of a thick gel through which the gas cannot be passed. 
The crude product crystallised from ethyl alcohol (800 ex.) in 
microscopic needles and on recrystallisation separated in glistening, 
pale yellow plates, m. p. 270—271° (yield of fully purified material, 
20 g.) (Found : C, 80*3; H, 4*6. C 21 H 14 0 3 requires C, 80*2 ; 
H, 4*5%). The* pale yellow solution in sulphuric acid exhibits a 
bluish-green fluorescence. The substance does not appear to 
dissolve in cold aqueous potassium hydroxide, but this is due to the 
formation of a gel round each crystal. On heating, a greenish- 
yellow solution is produced and this sets on cooling to a clear gel. 
A 1 % solution sets to a stiff gel which is with difficulty shaken from a 
test-tube, whilst even a 0*1 % solution gives a weak gel which, with an 
excess of alkali, will almost permit the inversion of the tube without 
displacement of the contents. The nature of the gels is very much 
affected by the concentration of the alkali. The acetyl derivative, 
prepared from the phenol by the action of boiling acetic anhydride 
for 4 hours, crystallised from acetic acid in pale yellow prisms, 
m. p/ 208—209° (Found: 0, 77*4; H, 4*5. requires 

C, 77*5 ; H, 4*5%). 

7 -Ginnamoyloxy-2-8tyryli&oflavone (IX)—A mixture of 2:4-di¬ 
hydroxyphenyl benzyl ketone (10 g.), cinnamic anhydride (40 g.), 
and sodium cinnamate (10 g.) was heated (oil-bath at 170—180°, 
finally at 215°) for 5 hours. The cooled, ground product was washed 
with dilute aqueous sodium hydroxide, and the cinnamic anhydride 
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decomposed by heating on the steam-bath for an hour with alcohol 
(100 c.c.), water (20 c.c.), and concentrated sulphuric acid (1 e.c.). 
The solid then obtained on the addition of water was collected, 
washed with aqueous sodium hydroxide, and crystallised from 
acetic acid, in which it was sparingly soluble. The pale yellowish- 
brown prisms, m. p. 213—214°, dissolved in sulphuric acid to an 
intensely yellow solution exhibiting green fluorescence (Found: 
C, 81*6; H, 4*8. CggB^O* requires C, 81*7; H, 4*7%)* 

7 -M ethoxy-2-styrylmoflavone (X).—The crude cinnamoyloxy- 
styryKsoflavone from 10 g. of 2 :4-dihydroxyphenyl benzyl ketone 
was added to alcohol (100 c.c.) and potassium hydroxide (7*5 g.) 
dissolved in a little water, and the whole heated for 6 minutes on 
the steam-bath. Water (100 c.c.)* was added and the phenol 
contained in the solution was methylated at 60° by the alternate 
addition of methyl sulphate and concentrated aqueous potassium 
hydroxide. After the addition of more water the methyl ether 
was collected (13*9 g.). It crystallised from ethyl alcohol, in which 
it was sparingly soluble, in pale yellow needles, m. p. 204—205° 
(Found: C, 81*4; H, 5*0. C^H-^Og requires C, 81*3; H, 5*1%). 
The deep yellow solution in sulphuric acid has a green fluorescence. 

l-Methoxyjsofiavone (II).—7-Methoxy-2-styryKsoflavone (2 g.) 
dissolved in pure pyridine (20 c.c.) was oxidised at 0° in the course 
of an hour by the slow addition, with stirring and passage of carbon 
dioxide, of aqueous potassium permanganate (100 c.c. saturated at 
15°). The manganese precipitate was brought into solution by 
sulphur dioxide and after the addition of dilute hydrochloric acid 
the ether-soluble contents of the liquid were isolated. The crude 
product was extracted with warm sodium bicarbonate solution, the 
filtrate acidified, and the organic acids were again collected by 
ether. The residue mixed with a little copper powder was cautiously 
heated over a free flame until evolution of carbon dioxide ceased, 
and the product shaken with aqueous sodium bicarbonate and 
ether. The neutral oil obtained from the ethereal solution solidified 
on stirring and the substance crystallised from not too much 
alcohol in needles, m. p. 155° (Found : C> 75*7; H, 6*1. O^H^Og 
requires C, 76*1; H, 4*8%). The colourless solution in sulphuric 
acid exhibits a blue fluorescence. 

The authors desire to thank the Chemical Society for a grant 
which has defrayed a part of the cost of this investigation. 

Tto Manchester. [Received, June 23r<2, 1925.] 

* If more water is added, a thick, mucilaginous, colloidal solution results# 
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CCLXVIL —Oxidation Products of Oleic Acid. Part II. 

Degradation of Dikydroxystearic Acid . 

By Arthur Lapworth and Edward Neville Mottram. 

Spirondonov (J. j Russ. Chem . Soc., 1887,19, 646) oxidised dihydr- 
oxystearie acid with potassium permanganate, and an examination 
of the degradation products led to the separation of w-octoie, suberic 
and azelaic acids. Edmed (J., 1898, 73, 628) carried out further 
investigations in this direction, but obtained no evidence of the 
formation of either suberic or n-octoic acid. He isolated three main 
products, namely azelaic, n-nonoic and oxalic acids, and assumed 
that the last-named was produced by the oxidation of the chain 
of carbon atoms which otherwise would have yielded pelargonic 
acid. Edmed’s conclusion has been generally accepted, but the 
evidence obtained by the present authors does not support his 
view. In dilute alkaline solution at the ordinary temperature, 
w-octoic, suberic, and oxalic acids are the main oxidation products 
in several experiments, and it is necessary to conclude that the 
oxalic acid is a primary product in the degradation of dihydroxy- 
stearic acid and is formed by a splitting between the 8—9 and 
10—11 carbon atoms as indicated below. 

CH 3 '[CH 2 ] e -CH a *CH(0H)*CH(0H)*CH 2 *[CH 2 ] 6 *C0 2 H 
CH 3 ‘[CH 2 ] 6 -C0 2 H C0 2 H-C0 2 H C0 2 H*[CH 2 ] 6 *C0 2 H 

n-Octoic acid. Oxalic acid. Suberic acid. 

In the conditions employed by Edmed, it appears that this mode 
of oxidation takes place simultaneously with that of the better 
known type 

CH 3 -[CH 2 ] 7 -CH(0H)-CH(0H)-[CH 2 ] 7 -C0 2 H 
CH a -[CH 2 ] 7 *C0 2 H C0 2 H-[CH 2 ] 7 ;C0 2 H 

n-Nonoic acid. Azelaic acid. 

Experimental. 

L (a) Oxidation . A solution of dihydroxystearic acid (5*0 g.) and 
caustic soda (10 g.) in water (1000 c.c.) was cooled, ice-cold water 
(3000 c.c.) added, and the whole well shaken during the addition 
of 1% aqueous potassium permanganate (2000 c.c.). Oxidation 
having proceeded at the ordinary temperature for 2\ hours, the 
solution was decolorised by sulphur dioxide, concentrated hydro¬ 
chloric acid (100 c.c.) added, and the white, fiocculent precipitate 
of unchanged dihydroxystearic acid filtered off, and washed with 
water. Traces of liquid fatty acids were removed from the drained 
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precipitate by washing with a little light petroleum (b. p. 40—60°) 
and the unchanged dihydroxystearic acid (0*40 g., m. p. 130°) was 
recovered. 

The aqueous filtrate was neutralised with sodium carbonate, 
concentrated to about 500 c.c., and excess of hydrochloric acid 
added. The liberated mixed acids, isolated by means of ether,* 
were distilled with steam to separate the volatile portion; on cooling, 
the aqueous solution (75 c.c.) in the distillation flask deposited 1*6 g. 
of crystalline suberic acid, m. p. 137—138°. The mother-liquor 
on evaporation yielded further small quantities of suberic acid 
(0*3 g.). The total yield of suberic acid obtained was 1*90 g. (Theory 
requires 2*47 g.) and the equivalent found was 87*9 (C 8 H 14 0 4 
requires 87*0), this slightly high value being almost certainly due 
to traces of octoic acid. 

(b) j Examination of dibasic acid for azelaic acid. The whole of 
the dibasic acid was warmed with 20—30 c.c. of ether, and the 
solution allowed to crystallise. The solid which separated (1*5 g.) 
was removed by filtration, and the mother-liquor evaporated to 
dryness. This solid was dissolved in water and treated with 
magnesium carbonate. (The magnesium salt of azelaic acid is 
much less soluble in water than that of suberic acid.) The most 
insoluble fraction of magnesium salt was treated with dilute hydro¬ 
chloric acid, and the free dibasic acid extracted with ether. The 
acid obtained in this way melted at 139°, so that more than traces 
of azelaic acid could not have been present.f 

(c) Isolation of monobasic acid formed . The aqueous distillate 
containing the liquid fatty acid was extracted with petroleum 
(b. p. 40—60°), and the solution dried with sodium sulphate. The 
liquid left after recovering solvent was freed from traces of petro¬ 
leum by gently warming under reduced pressure and on cooling to 

. 9° the acid solidified in colourless laminae, m. p. 14°; the yield of 
monobasic acid was 14 g. (Theory for octoic acid is 2*05 g.) 
In conjunction with the results mentioned in the footnote, % these 
observations show that the greater part of the monobasic acid was 
octoic acid. 

(d) Esiimaiion of omlic acid formed. The calcium oxalate precipi- 

* The light petroleum washings from unchanged dihydroxystearic acid 
were reserved and added to the ethereal solution of oxidation products. 

t iu another experiment, the dibasic acid (6*5 g.) obtained from a larger 
quantity of dihydroxystearic acid was examined according to the above 
method and no azelaic acid Was detected. 

| In another experiment, starting from 16 g. of dihydroxystearic acid, 
4*75 g, of fluid fatty acid distilled steadily at 233—235° at ordinary pressure. 
(Octoic acid boils at 236-237° and nonoic acid at 253-254°.) The equivalent 
found was 142* 2; C s H 16 0 2 requires 144*0. 
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tated from the aqueous liquor from (c), made alkaline with ammonia, 
by the addition of calcium sulphate solution, was collected after 
12 hours and treated with warm acetic acid. The residue was 
washed with water, and the oxalic acid estimated by titration with 
1% potassium permanganate at 60° (Found : 0*86 g.; calc., 1*28 g.). 
This quantitative result is, however, not offered with the same degree 
of confidence as those for octoic and suberic acids. 

Oxidation of Dihydroxystearic Acid by Edmed’s Method .—To a 
hot solution of dihydroxystearic acid (6-0 g.) in 150 c.c. of 1% 
caustic potash, 8*2 g. of potassium permanganate dissolved in 
450 c.c. of water were added and oxidation was continued until the 
potassium manganate first formed was completely reduced (about 
10 minutes). Manganese dioxide was filtered off, the filtrate acidified 
with sulphuric acid, and unchanged dihydroxystearic acid (3*0 g.) 
was filtered off. The oxidation products were isolated from the 
filtrate as in the above experiments. 

The extracted dibasic acid (1*3 g.) was treated with cold ether, and 
the more soluble fraction (0*9 g.) converted into magnesium salt 
as in 1 (b) above. The most insoluble fraction of the latter yielded 
almost pure azelaic acid (m. p. 105°) (Equivalent found, 93*8 ; 
required, 94*0)'. 

The fraction of dibasic acid less soluble in ether melted at 137— 
138° and had the equivalent 87*5. It was therefore mainly suberic 
acid. 

Conclusions.— (1) The oxidation of dihydroxystearic acid by the 
method described in 1 (a) therefore leads to the formation of: 
suberic acid, in amount at least 80% of the theoretical; octoic acid, 
in amount at least 70% of the theoretical; and oxalic acid. 

(2) By Edmed’s original method, both suberic and azelaic acid are 
formed. 

This work was carried out in continuation of researches begun 
under the auspices of the Food Investigation Board of the Depart¬ 
ment of Scientific and Industrial Research. 

A grant from the Department of Scientific and Industrial 
Research to one of us (E. N. M.) rendered it possible for him to take 
part in the research and is gratefully acknowledged. 

The Unxyebsitv, Manchester. [Received, July 4th, 1925.] 
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CCLXVXIX .—The Effect of Ultra-violet Light on Dried 
Hydrogen and Oxygen. 

By Herbert Brereton Baker and Margaret Carlton. 

In 1922 Coehn and Tramm (Ber., 56,455), working with an“ electro¬ 
lytic ” mixture of hydrogen and oxygen, found that the gases 
interacted at the same rate when exposed to the light from a quartz 
mercury lamp whether they were dry or moist. This conclusion, 
if confirmed, would have an important hearing on the theory of 
the determining effect of water vapour. It was thought necessary 
to repeat the experiments, since these authors had not succeeded 
in attaining the same degree of resistance to the effect of heat on 
the dried gases as had been attained by one of us (Baker, J., 1902, 
81, 400). In these experiments, it was shown that the highly 
dried, “ pure ” gas mixture could be heated to redness and a silver 
wire melted in it without measurable action. Coehn and Tramm 
have succeeded in obtaining the gases so pure and dry that no 
explosion took place on heating to redness, but slow combination 
only. It is impossible to say why their gases did not give the 
same results as those described in 1902, Their work, as described, 
seems to have been most carefully carried out. The only point 
in their apparatus to which objection might be taken is the presence 
of two greased taps. The interaction of hydrogen and oxygen is 
one of those most susceptible to the slightest trace of impurity; 
it is possible that a few molecules of vapour from the lubricant 
used may have produced a diminution in the resistance to chemical 
action. 

In our experiments the gases were produced by the electrolysis 
of a solution of barium hydroxide which had been recrystallised 
fifteen times. The reaction tubes were of the clearest fused quartz 
bent into L shape. The shorter arm was closed. The tubes were 
boiled in a m ix ture of chromic and nitric acids; after washing 
with distilled water, they were roughly dried in an electric oven 
and heated to bright redness after being exhausted. Air dried by 
phosphorus pentoxide was admitted after heating, the process 
being repeated six times. 

The tubes were then filled with highly purified and dried mercury 
and the gaseous mixture was admitted over a mercury trough. 
It had been found, in the previous work, that the gases evolved 
during the electrolysis were not as resistant to chemical action 
in the first as in the later stages. The gaseous mixture was there¬ 
fore allowed to escape during 3 days before being collected in the 
quartz tubes. Pairs of tubes, similar in diameter and in shape, 



ULTRA-VIOLET LIGHT ON DRIED HYDROGEN AND OXYGEN. 1991 

were filled at the same time. Into one of the pair was introduced 
a plug of phosphorus pentoxide which had been distilled in oxygen, 
the other being left in the undried condition. Both tubes, mounted 
on a special stand, were left in the dark room during the time 
specified. 

The pair of tubes was then arranged symmetrically near a quartz 
mercury vapour lamp, so that both were exposed, as nearly as 
possible, to the same radiation. The part of the tube containing 
the phosphorus pentoxide was shielded from the direct rays of 
the lamp. The amount of chemical action was estimated by 
measurement of the rise of the mercury column in each tube, the 
temperature and pressure being noted at the same time. 

In all, six pairs of tubes have been tested, prepared in the same 
way but with different lengths of time allowed for drying. In 
every case, there was a marked difference between the wet and the 
dry tubes, the latter showing in some cases no measurable action. 

The following table is a summary of the results. 



Period of drying/ 

Time of exposure 
to light (hours). 

Rise in mercury 
column (mm.). 
Dry. Wet. 

1 

2 weeks 

7 

4 

14 

2 

3 weeks 

5 

4 

30 


After 12 hours’ interval 

6 

9 

43 

3 

4 weeks 

5 

0 

6*1 


After 12 hours’ interval 

S 

1 

4*5 


After 12 hours’ interval 

5 

6*5 

7*2 

4 

7 weeks 

6i 

0 

2*3 


After 12 hours’ interval 

64 

0*35 

6*5 

5 

8 weeks 

5" 

05 

5 


After 12 hours’ interval 

5 

Ol 

5 

6 

8 weeks 

5 

0 

6*1 


After 12 hours’ interval 

6 

0 

6*2 


After 12 hours’ interval 

9 

05 

9*1 


After 12 hours’ interval 

84 

1*5 

10 


After 12 hours’ interval 

6“ 

10 

12*5 


Note, added August 1st.—One tube, dried for 12 weeks, was exposed at a 
distance of 2 cm. from the quartz mercury lamp for 13 hours without showing 
any measurable contraction. 

It should be noticed that during the 12-hour intervals renewed 
drying is taking place, so that it is probable that only a fraction 
of the water produced (if any) during a day’s exposure is available 
for promoting the chemical action on the next day. 

It is also noticeable that in experiments 3 and 6 there is a sudden 
rise in the amount of gas combined in the dry tubes. This seems 
to be due to the amount of water formed during the previous day 
being too great to be absorbed by the drying agent during the 
night, so that the gases start in a comparatively moist condition. 

It was found impracticable to leave the lamp running all night, 

3 x * 2 
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as it had a tendency, after some hours 5 run, to go but. On two 
occasions it was found that an exposure of S hours to the light had 
produced no action in either the wet or the dry tube. On examin¬ 
ation it was found that a purple film had formed on the inside of 
the quartz tube of the lamp. Professor R. Wood (Proc. Roy. 8oc. f 
1924, A , 688) noticed the same phenomenon and he recom¬ 
mended the opening of the tube and the polishing of the interior 
with rouge. We found, however, that the full activity of the 
lamp could be restored by strongly heating the quartz tube of the 
lamp with a hot bunsen burner. 

It was noteworthy that, in none of the tubes, wet or dry, was 
any tailing of the mercury observed; ozone therefore was not 
formed. The loss of mobility of mercury exposed to ozone forms 
one of the most delicate tests known. In two cases, both of wet 
tubes, a yellow film was formed. This proved to be mercuric 
oxide and amounted in the one tube in which it was determined 
to 4*1 mg. Its formation could not have been due to ozone, which 
produces mercurous oxide, never mercuric oxide. 

Professor Bone (private communication) considers that phos¬ 
phorus pentoxide cannot exert its full drying power when its tem¬ 
perature is allowed to rise above 25°. In the experiments described 
above, the gases generally reach a temperature of above 30°. In 
two of them the part of the tube containing the pentoxide was kept 
surrounded by ice during the whole of the run. The rate of union 
was not found to be altered by this treatment. 

We wish to express our thanks to Messrs. Brunner Mond and 
Co. for a grant for the purchase of apparatus. 

Imperial College op Science and Technology, 

London, S.W. 7, [deceived, July 1925.] 


CCLXIX.— Imino-aryl Ethers. Part III. The Molecular 
Rearrangement of ~N-Phenylbenziminophenyl Ether. 

By Arthtcb William Chapman. 

It is on record (Humm, Hesse, and Volquartz, Ber., 1915, 48, 379) 
that benzoyldiphenylamine (II) may be obtained by heating 
N -phenylbenziminophenyl ether (I) at 240° for I hour, 

.. .. . heat 

<I.) PhO’CPhlNPh -► 0:CPh-NPh 2 (II.) 

On repeating this experiment, unchanged material only could 
be recovered. However, benzoyldiphenylamine was obtained 
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after heating at 270—300° for 2 hours. The transformation had 
apparently occurred completely and without the formation of 
by-products, and therefore merited further investigation, especially 
as no quantitative study seems to have been made of any of the 
isomeric changes among imino-ethers of the aliphatic series and 
imino-esters (Pinner, “ Die Imidoaether,” 1892; Wislicenus and 
Goldschmidt, Ber., 1900, 33, 1470; Lander, J., 1903, 83, 406; 
Wheeler and Johnson, Amer. Chem. J., 1903, 30, 24; Busch, 
Blume, and Pungs, J. pr. Chem., 1909, 79, 513; Kuhara, Cent., 
1911,1, 1514; Short and Smith, J., 1922,121, 1803). 

The dynamics of the reaction were first studied. The purified 
imino-ether was heated in a thermostat maintained at various 
temperatures between 220° and 300°, and the product was sub¬ 
mitted to thermal analysis (Hollemann, £c Direkte Einfuhrung von 
Substituenten in den Benzolkern,” 1910, p. 26). The freezing-point 
curve of mixtures of the two components was drawn from the 
following observations on mixtures of N -phenylbenziminophenyl 
ether with known quantities (a) of benzoyldiphenylamine. 

a% . 20 30 40 50 60 70 80 90 95 100 

F. p. ... 107*8° 123*8° 134*8° 144*8° 152*7° 159*7° 165*6° 171*6° 174*6° 176*7° 

The freezing points of mixtures containing less than 20% of 
benzoyldiphenylamine could not be determined accurately. 

The progress of the transformation agreed closely with that 
required by the unimolecular formula; a typical series of observ¬ 
ations is the following, t being the time of heating in minutes, x the 
percentage of benzoyldiphenylamine formed, and the temperature 


262° : 

t . 

32 

60 

120 

181 

240 

300 

360 

.. 

33 

54 

80 

90 

94 

98 

99*5 

k X 10* 

5*4 

5*6 

5*8 

5*5 

5*1 

5*7 

5*6 Mean 5*5 


The velocity coefficients at different temperatures are: 

Temp. 228° 246—247° 262° 272° 278° 282° 287—288° 292—293° 

IcX 10 a 0*1—0*2 1*6 5*5 11 18 23 34 45 

The mean temperature coefficient between 246° and 292° was 
2*06 per 10°. 

i^-Phenylbenzimino-o-chlorophenyl ether and if-phenylbenz- 
imino-jp-chlorophenyl ether, heated at 270—290° for 2 hours, gave 
benzoyl-o- and -p-chlorodiphenylamine, respectively, by changes 
corresponding to that of (I) into (II). 

The mobile group must therefore have become attached to the 
nitrogen atom by the nuclear carbon atom originally attached to 
the oxygen (compare Montagne, Ber., 1918, 51 , 1479). 
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The assumption has frequently been made that in changes of this 
character the migration of the mobile atom or group is preceded by 
its partial dissociation from the remainder of the molecule, followed 
by a redistribution of the valency bonds and recombination to 
form the isomeric compound; some workers have assumed com¬ 
plete dissociation (Briihl, Ber., 1899, 32, 2326; Lapworth, J., 1901, 
79, 1265; Nef, Amer. Chem . Soc 1904, 26, 1549). The absence 
of by-products formed by the combination of two similar free 
radicals could be accounted for by regarding the dissociation as 
ionic in character. Recently Meerwein and van Emster (Ber,, 
1922, 55, 2500; compare also Annalen , 1923, 435, 190, 207) have 
applied this view to the interpretation of the isomeric change of 
camphene hydrochloride into bornyl chloride, and have shown 
that the velocities of the transformation in different solvents are 
proportional to the ionising powers of the latter. Others, however, 
have preferred to express the course of such transformations in 
terms of partial valencies without assuming the formation of ions 
or free radicals (Robinson, Mem . Mane, Lit. Phil. Soc., 1920, 64, 
No. 4; Tiffeneau, Pev. Gen . Sci ., 1907, 583; Stark, “ Priffzipien der 
Atomdynamik,” 1915, III, 156; Mumm, Hesse, and Volquartz, 
loc. cit.). 

It seemed desirable to test the validity of the ionic hypothesis 
in the present instance, and a number of measurements were made 
of the electrical conductivity of the i m m o-ether and its isomeride 
before, during, and after the completion of the isomeric change. 
The results obtained were mainly comparative. The specific 
conductivity of the imino-ether between 250° and 280° was of the 
order 10” 8 to 10~ 9 . The low conductivity of the imino-ether remained 
constant so long as no appreciable isomeric change occurred, as 
was shown by heating the ether at 200° for several hours. When 
the imino-ether was heated at a higher temperature, an increase in 
conductivity occurred simultaneously with the isomeric change. 
At first rapid, it became slower, and finally the conductivity remained 
constant, the end of the increase coinciding with the completion of 
the isomeric change. Samples of benzoyldiphenylamine had 
identical conductivities within the range’ of experimental error 
whether prepared (a) by heating the imino-ether, or (b) as in (a) but 
subsequently crystallised from alcohol and dried, or (c) from 
diphenyl amine and benzoyl chloride. The specific conductivity 
was of the order of 1G" 8 to 10~ 7 at 250—280°. 

‘ These observations can readily be explained in terms of the 
ionic hypothesis by supposing that the first stage consists in the 
rupture of the bond between the phenyl radical and the oxygen 
atom, a phenyl ion and an ionised residue being produced; re- 
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arrangement of the linkings in the residue follows, and combination 
of the phenyl ion with the nitrogen atom : 




PhC<Q Plr '' 


+ Ph- 


PhC<; 


NPh, 
0 2 


The first stage would give the reaction its unimolecular character, 
the succeeding ones being comparatively very rapid. The final 
stage would result in an equilibrium between ionised and non- 
ionised benzoyldiphenylamine. 

The results of the determinations with different samples of 
benzoyldiphenylamine rendered it unlikely that the observed 
conductivity change was due to a trace of a by-product formed 
during the transformation; but the possibility was not excluded 
that it might arise from the constant presence of a trace of impurity 
in the changing medium of the molten mixture. Such a source of 
error—which might arise from the liberation of water adsorbed 
on the glass walls of the cell, as well as from the presence of 
impurities in the substances used—could be guarded against only 
partially by careful purification of material and apparatus, and 
hence it was decided to employ a more trustworthy test of the 
ionisation of the materials undergoing change. 

J^-jp-Tolylbenzimmo-^-tolyl ether undergoes rearrangement at 
the same temperatures as N -phenylbenziminophenyl ether. If the 
change is ionic in the one case, it should be so in the other, and if 
a mixture of these two imino-ethers were heated at the trans¬ 
formation temperature a certain amount of benzoylphenyl-p-tolyl- 
amine should be formed by exchange of the mobile groups, in 
addition to the two symmetrical products. 


PhC(:NPh)-OPh->PhCO-NPh-- + Ph™ ^ PhCONPh 2 

^ PhCO-NPh(C 7 H 7 ) 


PhC(:N-C 7 H 7 )-0-C 7 H 7 ^PhC0-N-C 7 H 7 "-- +C 7 H 7 -~ 

PhCO-N(C 7 H 7 ) S} 

A mixture of N -phenylbenziminophenyl ether and iV’-p-tolylbenz- 
imino-.p-tolyl ether in equal molecular proportions was heated at 
290° until the freezing point of the product was constant (139*8°). 
This freezing point was identical with that of a freshly made mixture 
of benzoyldiphenylamine and benzoyldi-^-tolylamine in equal 
molecular proportions. After the latter mixture had been heated 
for several hours at 250*—290°, the freezing point was unchanged, 
showing that here again no third substance was produced. Inter* 
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change of groups to form benzoylphenyl-^-tolylamine had therefore 
not taken place. 

The conclusion cannot be resisted, in view of this evidence, that the 
isomeric change of an imino-ether into a substituted amide is not 
ionic in character. This conclusion can probably be extended to 
other isomeric changes, where, under the influence of heat, an 
aryl group migrates to a different position in the molecule, and 
serves to confirm the view, recently expressed (Ann. Rep., 192£, 98), 

. that the ionic hypothesis should be applied only to those structures 
which exhibit independent evidence of capacity to ionise. 

Experimental. 

Preparation and Purification of Materials .—The j'V'-phenylbenz- 
iminophenyl ether was prepared by the same method as jV-phenyl- 
benzimino-m-hydroxyphenyl ether (J., 1922, 121, 1679). It was 
recrystallised from alcohol until both the m. p. (106°) and the 
velocity of isomeric change were constant. Further recrystal¬ 
lisation from benzene produced no effect on either property. 

The benzoyldiphenylamine prepared from diphenylamine and 
benzoyl chloride was recrystallised from alcohol until the m. p. 
was constant. 

Dynamical Experiments .—Five grams of imino-ether were used for 
each determination. The material, in a test-tube, was rapidly 
heated to approximately the required temperature in a separate 
oil-bath and then quickly transferred to an electrically heated, 
oil-filled thermostat maintained within 0*5° of the temperature of 
the experiment. At the end of the required time the tube was 
removed; the cooled melt could then be analysed at leisure. 

The freezing-point determinations were conducted in the same 
tube, which was enclosed in a wider tube, itself immersed in an oil- 
bath maintained a few degrees below the freezing point of the 
mixture. Readings were easily obtained concordant to 0*26°, 
corresponding to an accuracy of 0*5%. 

The freedom of the benzoyldiphenylamine from impurity when 
obtained by prolonged heating of the imino-ether (10 g., heated at 
2S0 for 3 hours and then at 290° for 50 minutes) was proved by 
the identity of its freezing point with that of pure benzoyldiphenyl- 
amine (176*7 ). A special thermometer was used which could be 
read to 0*05°. 

Isomeric Chmge of CMoro-substituted Imino-ethers.—These com- 
ppunds were prepared from o- and 'p-chlorophenols by the method 
referred to above. 

^-PhenyTMnzimirio-o-MoropJienyl ether crystallises from alcohol 
in almost colourless, stout prisms, m. p. 88°. It is very soluble in hot 
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alcohol, but only sparingly soluble in cold (Found: N, 4-6. 
C, 0 H w ONOl requires N, 4-55%). 

When heated at 270—280° for 1 hour and then crystallised from 
alcohol, it yielded hard crusts of constant m. p. 95—96°, which did 
not depress the m. p. of benzoyl-o-chlorodiphenylamine prepared 
as described below (Found: N, 4-7. C 19 H 14 0NC1 requires N, 

4-55%). 

N-Phenylbenzimino-p-chlorophenyl ether crystallised from alcohol 
in pale yellow, long prisms, m. p. 92—93° (Found: N, 4-75%). 
Hydrolysis with 50% sulphuric acid yielded p-chlorophenyl benzoate 
(m. p. 88—88*5°) identical with a sample prepared from p-chloro- 
phenol. When heated at 280—290° for 2 hours and then reciystal- 
lised from alcohol, it yielded long prisms of constant m. p. 109—110° 
which did not depress the m. p. of benzoyl-p-chlorodiphenylamine 
prepared as described below (Found : N, 4-7%). 

Benzoyl-o-, -m-, and -p -chlorodiphenylamines were prepared as 
described by Ullmann (Annalen, 1907, 355, 338) by heating the 
corresponding chlorophenylanthranilic acids, o -Chlorodiphenyl- 
amine was obtained only after heating o-chlorophenylanthranilic 
acid at 300—320° for 5 hours. It is a pale yellow oil, b. p. 300—303°/ 
753 mm. . 

The bases were bonzoylated by heating with benzoyl chloride, 
and the benzoyl derivatives crystallised from alcohol. 

Benzoyl-o-chlorodiphenylamine, m. p. 95° (Found : N,-4-6%), and 
benzoyl-m-chlorodiphenylamine, m. p. 101—102° (Found : N, 4-6%), 
crystallise in hard crusts; the m. p. of the latter was depressed by 
the addition of either of the substances prepared by heating the 
o- and p-ohloro-iminoethers. Benzoyl-p-chlorodiphenylamine crys¬ 
tallises in prisms, m. p. 109—109*6° (Found: N, 4*7%). 

Measurements of Electrical Conductivity, —The eleotrodes were 
bright platinum foil cylinders 1*0 and 0*7 cm. respectively in diameter 
and 1 cm. high, secured in position one inside the other by sealing 
their platinum stems through two rigidly connected glass tubes. 
The constant of the cell was approximately 2*4 x 10" 2 at 21°, and 
no appreciable leak could be detected at 275°. 

As the resistances to be measured were very high (10® to 10 7 
ohms), the arrangement devised by Ambronn {Ann. Physik, 1919, 
58, 139) was employed, consisting of a battery and galvanometer 
connected to the conductivity cell through a rotating commutator 
which reversed the current through the cell about 100 times per 
second/ The apparatus was calibrated by comparison with a 
series of standard high resistances. 

The samples (5 g. in each case) were well dried and heated as in 
the dynamical experiments. The electrodes were immersed in the 
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fused material, and readings taken from time to time throughout 
the whole period of the transformation. The temperatures 
employed varied from 260° to 280°. 

T$~$-Tolylbenzimino~$4olyl ether, prepared from benz-p-toluidide- 
iminochloride and p-cresol by the method already described, formed 
very pale yellow prisms, m. p. 65—66° (Found : N, 4*75. C 21 H 19 ON 
requires X, 4*65%). When heated at 270—300° for 2 hours, it 
yielded benzoyldi-'p-tolylamine; this, prepared also from di-'p- 
tolylamine and benzoyl chloride, formed nearly colourless prisms, 
m. p. 124-125° (Found : N, 4*7. C 21 H 19 ON requires N, 4*65%). 

The author wishes to express his indebtedness to the Chemical 
Society for a grant which has defrayed part of the expenses of this 
investigation, and to Messrs. Metropolitan-Vickers Electrical 
Company, Ltd., for the loan of the rotating commutator. 

* The University, Sheffield. [Received, June 20th, 1925.] 


CCLXX .—Substitution in Derivatives of Quinol Ethers. 

By Leon Rubenstein. 

The investigation of substitution in the case of dialkyloxy vicinal 
benzene derivatives of type I (Davies and Rubenstein, J., 1923, 
123, 2830) showed that during nitration each alkyloxy-group 
OR,ORj exerts its para-directing influence independently of the 
other, whereas during bromination only the group -OR is potent 
in determining the orientation of the brominated product. The 
relative amounts of the isomerides produced in the nitration experi¬ 
ments, which could not then be estimated, have now been deter¬ 
mined in the case of o-veratraldehyde (Perkin, Robinson, and 
Stoyle, X, 1924,126, 2355). The results obtained in those investig¬ 
ations made it desirable to examine the nitration and bromination 
of substances of type II in which only ortho-substitution with 
respect to the alkyloxy-groups can take place. 



Experiments on the nitration of 2-hydroxy-5-methoxyb3nzalde- 
that 'the substance formed is the 3 -nitro-B«na 5 - 
aldehyde (IV), for when its methylation product (V) is hydrolysed 
m bydro®y. -5 ^TMtMst^maMeh^e is reformed. The bromin- 
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ation of 2-hydroxy-5-methoxybenzaldehyde yields the 3-bromo- 
benzaldehyde, as is shown in the following manner: 3 -Nitro- 
2 : 5-dimethoxybenzaldehyde (V) is oxidised to Z-nitro-2 : 5-dimethoxy¬ 
benzoic acid (VI), which is reduced to 3-ammo-2: 5-dimethoxy- 
benzoic acid (VII); from this by the Sandmeyer process is produced 
Z-bromo-2 : 5-dimethoxybenzoic acid (VIII), identical with the acid 
obtained by oxidising bromo-2-hydroxy-5-methoxybenzaldehyde 
after methylation (IX). 



(VI.) 


(IX.) 


The nitration of 2 ; 5-dimethoxybenzaldehyde gives a mixture of 
Q-nitro-2 : 5-dimethoxybenzaldehyde (80%) and Z-nitro-2 : 5-dimethoxy¬ 
benzaldehyde (20%). The former substance has its nitro-group in 
the ortho-position with respeot to the aldehyde group, for it gives 
an indigotin derivative when treated with acetone and alkali. It 
yields 6-nitro-2:5-dimethoxybenzoic acid on oxidation. The 
bromination of 2:5-dimethoxybenzaldehyde gives 6 -bromo- 
2:5-dimethoxybenzaldehyde as the only product, and from this 
6-bromo~2 ; 5-dimethoxybenzoic acid is obtained by oxidation. 

The remaining portion of the work consists in the investigation 
of the nitration and the bromination of 2 : 5-dimethoxyacetanilide. 
The nitration of this substance yields 4-nitro-2 :5-dimethoxyacet¬ 
anilide, as is shown by the fact that hydrolysis converts it into the 
nitro-2 :6-dimethoxyaniline which on diazotisation and subsequent 
treatment in the Sandmeyer manner yields 3-bromo-6-nitroquinol 
dimethyl ether, Gn bromination, 2 :5-dimethoxyacetanilide yields 
i-bromo-2 : 5-dimethoxyacetanilide, the usual proof being applied, 
namely, conversion into the i-bromo-2: o-dirnethoxyaniline, diazotis. 
ation, and treatment with cuprous bromide to give dibromoquinol 
dimethyl ether. 

EXFERIMENTAL. 

2-Hydroxy-5-methoxybenzaldehyde was obtained by TSfemann 
and Mfiller (Ber., 1881, 14, 1990) in small yield, but thefoUowing 
modification gives much better results. Quinol monomethyi efchesr 
(40 g.) dissolved in a concentrated aqueous solution of so#6|li 
hydroxide (19 g. in 55 c.c. of water) is heated on a water-bfeh 
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while chloroform (42 g.) and sodium hydroxide solution (56 g. in 
60 c.c. of water) are added alternately during 2 hours. The mixture 
is then heated for 1 hour, the sodium salt of the aldehyde separating 
in yellow, metallic crystals. The whole is strongly acidified, steam- 
distilled, the distillate extracted with ether, and the ethereal 
extract kept for some time over a concentrated solution of sodium 
bisulphite. The major portion of the ether is distilled off and the 
bisulphite compound of the aldehyde, which separates, is removed, 
decomposed by hot dilute sulphuric acid, and the aldehyde extracted 
with ether. The ether is removed and the residue distilled under 
reduced pressure, when 2-hydroxy-5-methoxybenzaldehyde is 
obtained as a light yellow, refracting liquid, b. p. 124°/12 mm. 
(yield 8-5 g., i.e., 25%). 

3 -Nitro~2~hydroxy-5-methoxybenzaldehyde. —To a cold solution of 
2-hydroxy-5-methoxybenzaldehyde (10 g.) in glacial acetic acid 
(50 c.c.) is added with cooling and stirring a solution of nitric 
acid (50 c.c.; d 142) in glacial acetic acid (50 c.c.), the temper¬ 
ature being maintained between 10° and 20°. 3-Nitro-2-hydroxy- 
5-methoxybenzaldehyde, which soon begins to separate, is collected 
after a few hours (yield 6*5 g.; m. p. 127°). The glacial acetic 
acid solution is diluted with water, neutralised with sodium 
bicarbonate, and extracted with ether; from the extract a further 
4*5 g. of the substance is obtained (total yield 88%). 3-Nitro- 
2-hydroxy-5 -methoxybenzaldehyde crystallises in bright yellow 
needles, m. p. 132°. It does not yield an indigotin derivative when 
treated with acetone and sodium hydroxide solution. With ferric 
chloride solution, it gives a red coloration (Found: ST, 7*2. 
C 8 H 7 O s N requires N, 7*1%). 

The p -nitrophenylhydrazQne crystallises in scarlet prisms, decomp. 
250°. 

3-M£ro-2 : o-dimethoxybenzaldehyde. —A solution of 3-nitro-2- 
hydroxy-5-methoxybenzaldehyde (6 g.) in dry chloroform (20 c.c.) 
and methyl iodide (10 c.c.) is heated on a water-bath while finely 
powdered silver oxide (6 g.) is added during 2 hours. After being 
heated for a further 1 hour, the mixture is filtered hot, some of the 
chloroform evaporated, and the solution cooled; 3-nitro-2:5- 
dimethoxybenzaldehyde then crystallises in pale yellow needles, 
m. p. 113°. More of the substance is obtained from the mother- 
liquors (yield almost theoretical) (Found: N, 6*85. C 9 H 9 0 5 N 
requires N, 6*7%). When it is boiled for a short time with 10% 
sodium hydroxide, and the solution is acidified, 3-nitro-2-hydroxy- 
5-methoxybenzaldehyde can be extracted from the precipitate 
obtained. 

3-Bro7M'2-hydroxy-5-7Mthoxybenzaldehyde. —2 - Hydroxy - 5 - meth- 
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oxybenzaldehyde (6 g.) is dissolved in glacial acetic acid (30 c.c.), 
and powdered, freshly-fused sodium acetate (3-6 g.) added. The 
suspension is well stirred, cooled to 5°, and treated with a solution 
of bromine (6 g.) in glacial acetic acid (12 c.c.), when 3 -bromo- 
2-hydroxy-o-methoxybenzaldehyde rapidly separates. After remain¬ 
ing for a few hours, the mixture is diluted with water and the solid 
collected (yield 7-3 g. or 80%). It crystallises from aqueous alcohol 
in light brown needles, m. p. 107° (Found : Br, 35-0. C 8 H 5 0 3 Br 
requires Br, 34-6%). The p -nitrophenylhydrazone forms scarlet 
prisms, decomp, above 250°. 

Z-Bromo-2 : 5 -dimethoxybenzaldehyde. —A solution of 3-bromo- 
2-hydroxy-5-methoxybenzaldehyde (6-5 g.) in alcohol (59 c.c.) is 
boiled under reflux during the gradual addition of methyl p-toluene- 
sulphonate (10-5 g.) and 30% sodium hydroxide solution (4 c.c.). 
After boiling for 3 hours, the red alcoholic solution is diluted with 
water and the solid collected; after twice crystallising from aqueous 
alcohol, it forms needles, m. p. 63° (Found : Br, 32-3. C 9 H 9 0 3 Br 
requires Br, 32*6%). 

Nitration of 2 : 5 -Dimethoxybenzaldehyde. —Finely-powdered 2:5- 
dimethoxybenzaldehyde (3 g.) was added with cooling and stir¬ 
ring to cold nitric acid (12 c.c.; d T42), After remaining at room 
temperature for several hours, the mixture was diluted with water, 
and the solid (3-4 g.) collected. The mixture, m. p. 130-—153°, 
was fractionally crystallised from alcohol, the main product being 
Q-nitro-2 : 5 -dimethoxybenzaldehyde (vide ante), m. p. 159°. The 
mother-liquors deposited a small amount of Z-nitro-2 : 5-dimethoxy- 
benzaldehyde (m. p. 113°), which gave no depression of melting 
point when mixed with a sample of 3-nitro-2 :5-dimethoxybenz- 
aldehyde prepared by the methylation of 3-nitro-2-hydroxy-5- 
methoxybenzaldehyde (p. 2000). 

6-Nitro-2 : 5-dimethoxybenzaldehyde crystallises from alcohol in 
pale yellow needles, m. p. 159° (Found : N, 6-8. C 9 H 9 0 5 N requires 
N, 6-7%). The p -nitrophenylhydrazone forms soarlet prisms, m. p. 
245—250° (decomp.). 

6-Bromo~2 : 5-dimethoxybenzaldehyde. —A cooled solution of 2 :5- 
dimethoxybenzaldehyde (2-8 g.) in glacial acetic acid (16 c.c.) is 
treated with bromine (2-8 g.) in glacial acetic acid (8 c.c;), kept 
for 2 days, and diluted with water ; an oil then separates which 
rapidly solidifies. It crystallises from alcohol in pale grey needles, 
m. p. 125—126°, which become pink on exposure to the air (Found : 
Br, 29*1. GgHjOjBr requires Br, 28-7%). The pmi&vphenyl- 
hydrazone consists of hexagonal, scarlet prisms, m. p. 204—206°. ; 

S-Nitro-2 : 5 -dimethoxybenzoic Acid. —3-Nitro-2:5-dimethoxyf 

benzaldehyde (6 g.) is added to water (60 c.c.) containing potassf^ 
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bicarbonate (4-2 g.), and boiled during the addition of potassium 
permanganate solution (6 g. in 60 c.c. of water). The hot solution 
is filtered, allowed to cool, and unchanged aldehyde collected. 
The reddish-yellow aqueous solution is acidified with dilute hydro¬ 
chloric acid, when 3-nitro-2 :5-dimethoxybenzoic acid (3-6 g.) is 
precipitated. It crystallises from hot water in long needles, m. p. 
182—183° (Equiv. : found, 225; calc., 227). 

6-Niiro-2 : 5-dimethoxybenzoic Acid . — 6-Nitro-2 : 5-dimethoxy- 
benzaidehyde is oxidised as described above. The acid crystallises 
from hot water in pale yellow prisms, m. p. 192° (Equiv. : found, 
229; calc., 227). 

Z-Amino-2:5-dimethoxybenzoic Acid.—A mixture of 3-nitro- 
2 ; 5-dimethoxybenzoic acid (7 g.) and concentrated hydrochloric 
acid (24 c.c.) is gradually treated with tin (7 g.) and heated on a 
water-bath for 3 hours, water (50 c.c.) is added, and the tin removed 
from the hot solution as sulphide. The colourless filtrate is evapor¬ 
ated under reduced pressure, when the hydrochloride of 3-amino-2 ; 
5-dimethoxybenzoic acid separates in long, white needles (yield 5 g. 
or 80%). 

The hydrochloride is easily soluble in water or alcohol, more 
difficultly soluble in concentrated hydrochloric acid, from which 
it can be crystallised. The solutions turn pink and then red on 
exposure to the air. When heated, the solid becomes very dark 
at 170° and decomposes at 215°. 3-Amino-2 : 5-dimethoxybenzoic 
acid is obtained by treating a solution of the hydrochloride in a 
small quantity of water with solid sodium carbonate until it is just 
acid to Congo-red, and evaporating under reduced pressure; after 
a long time, the acid separates in white, slender needles which 
turn black at 170° and decompose at 210—215°. It is Boluble in 
acids, alkalis, and hot water; the latter two solutions turn green on 
exposure to the air (Found : N, 6*9, C 9 H 12 0 4 N requires MT, 7*0%), 

3-Bromo-2 :5-dimethoxybenzoic Acid.—A mixture of 3-bromo- 
2 : 5-dimethoxybenzaldehyde (5*5 g.), water (55 c.c.), and potassium 
bicarbonate (3*8 g.) is boiled during the addition of 10% potassium 
permanganate (55 c.c.), filtered hot, cooled, and again filtered. 
The colourless filtrate is acidified with dilute hydrochloric acid, 
and the precipitated 3-bromo-2 :5 -dimethoxybmzoic acid (yield 
4*5 g. or 85%) is crystallised from aqueous alcohol, when it is 
obtained in white, microscopic prisms, m. p. 132° (Equiv,; found, 
258; calc., 261)* 

■■■Acid. —6-Bromo-2 :5-dimetho3ry- 
benzaldehyde is oxidisedas described above. The acid crystallises 
from aqueous alcohol in white, microscopic prisms, m. p, 164—* 
I65 p (Equiv, : found, 259; calc., 261). 
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4 :4': 7 : l'-Tetramethoxyindigolin .—Aqueous potash. (1 c.c. of 
10%) is added to a solution of 6-nitro-2 : 5-dimethoxybenzaldehyde 
(0-4 g.) in acetone (2 c.e.). The deep blue liquid is mixed with 
water (20 c.e.) and boiled for a few minutes; the indigotin then 
separates. It has a rich deep blue appearance and crystallises 
from nitrobenzene in deep purple rhombs which sublime at 350°. 

4-Bromo-2 : 5 -dimethoxyacetanilide. —When 2 : 5-dimethoxyacet- 
anilide (6 g.) dissolved in glaoial acetic acid (25 c.c.) is treated with 
bromine (3*3 g.) in 4 c.c, of glacial acetic acid, 4-bromo-2 :5-di- 
methoxyacetanilide soon separates from the well-oooled solution. 
After the mixture has been diluted with water, and the acetic -acid 
neutralised with sodium carbonate, ether extracts the produot, 
which crystallises from dilute alcohol in pale pink rhombs, m. p. 
122° (yield 5-6 g. or 80%) (Found: Br, 29-3. C 10 H 12 O 3 NBr 
requires Br, 29-1%). 

4-Bromo-2 : 5-dimethoxyaniline Hydrochloride. —4-Bromo-2 : 5-di- 
methoxyaoetanilide (12 g.) is boiled with 20% alcoholic hydro¬ 
chloric acid (20 c.c.) for 15 minutes; the 4-6romo-2 : 5 -dimethoxy- 
aniline hydrochloride which separates crystallises from alcohol 
in white, mioroscopic plates which become blue at 160° and decom¬ 
pose above 300°. 

4-Bromo-2:5-dimethoxyaniline forms pal© pink prisms, m. p. 
106°. The hydrobromide is obtained by keeping an ethereal solu¬ 
tion of the base in contact with hydrobromic acid {d 1-5), when it 
slowly separates in fine, yellow needles which turn blue at 160° 
and decompose slowly above this temperature. 

Diazotisation. Methyl nitrite is passed through a solution of 
4-bromo-2 :5-dimethoxyaniline hydrobromide (20 g.) in glacial 
acetic acid (60 c.c.) at 10°. The deep brown solution of 4-bromo- 
2:5-dimethoxybenzenediazonium bromide is poured into dry 
ether, the ether decanted off, and the solid diazonium salt dissolved 
in ice-cold water (40 c.c.). The aqueous solution is added cautiously 
to a solution of cuprous bromide in concentrated hydrobromic 
acid and heated on a water-bath; nitrogen is then evolved and 
2:5-dibromoquiuol dimethyl ether separates. This crystallises 
from alcohol in colourless needles, m. p. 143°, not depressed on 
admixture with the dibromoquinol dimethyl ether prepared by the 
bromination of quinol dimethyl ether. 

dk-Nitro-2 : S-dimethoxyMeimilide.~~A solution of 2 : 5-dimetbqxy- 
aoetanilide (10 g.) in glacial acetic acid (50 c.e.) is treated at 5 Q 
withj#rio acid (d c.c. of glacial acetic acid). 
After 1 hour, water is added. The 4-mtra-2 : 5-dimethoxycmtmilid4 
which separates (yield B g- or 90%) crystallises from alcohol m jeft0h 
prisma, m. p. 165°(Found: TS, 11-8. C u H la 0 6 N 4 reqiaii)|s^i "■ 
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4:-Nitro-2 : 5-dimethoxyaniline Hydrochloride. —4-Nitro-2 : 5-di- 
methoxyacetanilide (10 g.) is boiled with 20% alcoholic hydro¬ 
chloric acid (25 c.c.) for 1 hour. The grey crystals of the hydro¬ 
chloride that separate on cooling (yield theoretical) crystallise 
from alcohol in yellow, metallic prisms, m. p. 160° (decomp.) 
(Found : N, 12*1. C 8 H n 0 4 N 2 Cl requires N, 11-9%), 

4:-Nitro-2: 5-dimethoxyaniline forms yellow prisms, m. p. 153°. 

Diazotisation of 4:-Nitro-2 : 5-dimethoxyaniline Hydrobromide ,— 
The solution obtained by diazotising 4-nitro-2 : 5-dimethoxyaniline 
hydrobromide (4 g.) in concentrated hydrobromic acid (20 c.c.) 
and water (25 c.c.) at 0° with 2*5 c.c. of 40% sodium nitrite is 
filtered, added cautiously to a solution of cuprous bromide in con¬ 
centrated hydrobromic acid, and the mixture heated on a water- 
bath for a short time. The 2-bromo-5-nitroquinol dimethyl ether 
that separates is washed with concentrated hydrobromic acid and 
with water and crystallised from alcohol. The product, pale yellow 
prisms, m. p. 154°, does not depress the m. p. of 2-bromo-5-nitro- 
quinol dimethyl ether obtained by bromination of nitroquinol 
dimethyl ether. 

The author is indebted to the Research Fund Committee of the 
Chemical Society for a grant which has defrayed some of the expenses 
of this investigation. 

The Dyson Perrins Laboratory, 

Oxford. [ Received , June SO th, 1925.] 


CCLXXL —The Relative Rates of Conversion of 
Phenoxyphenyldichloroarsine and its Chloro~deriv~ 
atives into Chlorophenoxarsines. 

By Elwyn Robkrts and Eustace Ebenezer Turner. 

It was previously shown (Turner and Sheppard, this vol., p. 544) that 
o-phenoxyphenyldichloroarsine readily passes info 5-chlorophen- 
oxarsine (there named 6-chlorophenoxarsine) when distilled under 
d i min i s hed pressure, and it was suggested that polarity effects might 
account for this then unusual ring-closure. It was therefore decided 
to test the effect, on the ring-closure, of a polar substituent in the 
dichloroarsine. In starting the work, the present authors were 
unaware of the fact that diphenylyl-o-arsenious chloride is readily 
converted into oo>diphenylylenearsenious chloride (Aeschlimann, 
Lees, Mcdeland, and Nicklin, this vol., p. 66). 

^ : It having been found that o-phenoxyphenyldichloroarsine under- 
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went ring-closure at a readily measurable rate when heated at 200° 
in a current of carbon dioxide, it was decided to compare, under 
these conditions, the rate of ring-closure of the parent o-phenoxy- 
eompound (I) and its ortho* (II), meta- (III), and para- (IV) chloro- 
derivatives: 



(I.) (II*) (HI.) f TV .) 


Compounds (II), (III) and (IV) were synthesised from the appro¬ 
priate ehlorophenol by processes similar to that originally used for 
the synthesis of (I). Preliminary experiments showed that whilst 
the compounds (II) and (IV) could be distilled under diminished 
pressure with only partial decomposition, compound (III) under¬ 
went very considerable ring-closure, a result which at first sight 
appeared to support the alternate polarities theory. 

5: 8- (see below) and 5 : 7 -Dichlorophenoxarsines were prepared in 
two ways; first, by prolonged boiling of dichloroarsines (III) and 
(IV) under diminished pressure, and secondly by the reduction 
(hydrochloric-hydxiodic-sulphurous acid method) of the corre¬ 
sponding chlorophenoxarsinic acids (V), the latter being obtained 
by the action of warm concentrated sulphuric acid on the correspond¬ 
ing chlorophenoxyphenylarsinic acids (VI): 


(V.) 


fcYV) 

\/\ /V 

AsO(OH) 


\/°\ 

CIJ ^ 

(OHjjjAsO 


(VI.) 


5 : Q-DicUorophenoxarsine was prepared by boiling the correspond¬ 
ing phenoxydiohloroarsine under diminished pressure. 

The constitutions of three of the ohlorophenoxarsines follow from 
their mode of formation from the corresponding dichloroarsines. 
That of the ohlorophenoxarsine obtained from 2-m-cMorophenoxy- 
phenyldicMoroarrine, however, may be either (VII) or (VIII): 






Ascf\/ )£ AsC 

(vri.) (vni.) (ix.) 

5:8-Diohlorophenoxarsine (VII) has therefore been synthesised 
by a process which leaves no doubt as to its constitution. Whan 
•2:4-diohloronitrobenzene is warmed with 1 mol, of 
phenoxide in phenol as solvent, the 2-chlorine atom is 1 
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phenoxyl. The resulting 5-cMoro-2-nitrodi'phenyl ether is readily 
converted by the usual series of reactions into 4b-chloro-2- / phenoxy- 
phenyldichloroarsine (IX), and the latter, when heated at 200° in 
a current of carbon dioxide affords 5:8-dichlorophenoxarsine, 
identical in all respects with the product obtained from 2-m-chloro- 
phenoxyphenyldichloroarsine. It also follows that the substance 
obtained by heating 2-m-chlorophenoxyphenylarsinic acid with 
concentrated sulphuric acid is 5 : S-dichlorophenoxarsinic add. 

In order to compare their rates of ring-closure, the four dichloro- 
arsinesTwere heated simultaneously in the same bath kept at 200°. 
Through each dichloroarsine carbon dioxide was bubbled at the same 
rate, and the hydrogen chloride liberated was determined at intervals, 
In ? this way it was found (see p. 2012) that o-phmoxyphenyl- 
dichloroarsine (I) undergoes ring-closure much more readily than 
does its fn- cHoro-derivative (III), whilst the latter in turn undergoes 
ring-closure much more rapidly than the ortho- (II) or para- (IV) 
derivative, the last two compounds undergoing ring-closure at 
approximately equal rates. 

This result appears to show conclusively that the polarising effect 
of the chlorine atom is hot the sole determining influence affecting 
ring-closures of dichloroarsines to chlorophenoxarsines, just as the 
polarising effect of the oxygen atom can no longer be regarded as 
the main deteimining influence causing the ready formation of 
5-ehlorophenoxarsine itself. 

The theory of alternate latent polarities requires compound (III) 
(combined effects of chlorine and oxygen) to pass more readily than 
(I) into a phenoxarsine, and (II) and (TV) to undergo ring-closure 
much less readily (opposed effects of chlorine and oxygen). A 
purely steric effect on the part of the chlorine atom would account 
for the observed fact that compound (I) undergoes ring-closure 
more readily than compound (III), but scarcely explains why (II) 
and (IV) pass into chlorophenoxarsines so much less readily. The 
main determining factor appears to be a steric one, modified by 
polar effects. In the case of compound (HI), the steric outweighs 
the polar effect of the chlorine atom, whilst in the case of (H) and 
(IV) it eiihances this effect. 4-Chloro-2-phenoxyphenyldichloro- 
arsine (IX) (see below) is apparently even more readily converted 
into a phenoxarsine than o-phenoxyphenyldichloroarsine itself. 
This is in full agreement with a combined steric and polarity effect. 
In explai ning the results obtained, Flurscheim’s theory does not 
appear to present any advantages over the theory of alternate 
latent polarities, which, on this occasion at any rate, seems to be 
capable ofdefmite interpretation, whilst the more subtle alternation 

fee© affinity is not readily dealt with in the case of two key-atoms 
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having opposite effects. The observations of Altschul in con¬ 
nexion with the coupling of diazo-solutions with the isomeric nitro- 
phenols are of interest in comparison with the present results (Chern.- 
Zig., 1898,22,115). 

When o-phenoxy- or 2-o-chlorophenoxy-phenylarsinic acid is 
heated with concentrated sulphuric acid, the corresponding phen- 
oxarsinic acid is not obtained. Since each phenyl nucleus in diphenyl 
ether is readily monosulphonated, the different behaviour of the 
four phenoxyphenylarsinic acids may be explained as follows: 
Phenoxyphenylarsinic acid itself readily undergoes sulphonation 
in the unsubstituted phenyl nucleus, so that the final product is a 
sulphonic acid of the simple arsinic acid or of the phenoxarsinic 
acid. 2-o~Chlorophenoxyphenylarsinic acid, owing to combined 
polar and steric effects of the chlorine atom, undergoes sulphonation 
more rapidly than ring-closure. 2-m-Chlorophenoxyphenylarsinic 
acid shows a greater tendency to undergo ring-closure than to 
sulphonate, owing to the steric effect, on sulphonation, of the 
chlorine atom, whilst 2-p-chlorophenoxyphenylaxsinic acid is readily 
converted into a phenoxarsinic acid, owing to the presence of a 
chlorine atom in the position at which sulphonation would occur. 

The mechanism of the hydrochloric--hydriodic~suIphurous acid 
reduction of arsinic acids to dichloroarsines is imperfectly understood. 
In the reduction of 4-chloro-2-phenoxyphenylarsinic acid, free iodine 
is liberated as reduction proceeds, and appears as a surface film, 
which, although readily broken up by agitation, continually re¬ 
appears, whilst any arsinic acid remains unreduced. Suddenly the 
oily dicliloroarsine-oxychloride-acid mixture solidifies, owing to its 
conversion into dichloroarsine, and at once the iodine film disappears. 
Similar, although less definite, changes occur in other cases, and 
it would therefore appear clear that hydriodic acid is the essential 
reducing agent, being immediately oxidised in presence of even 
small quantities of an arsinic acid. 

Experimental. 

Preparation of 2-, 3-, and ^-Cftloro-^-nitrodiphenyl Ethers .—The 
method adopted for the preparation of these compounds has been 
that previously employed, using o-chloronitrobenzene (1 mol.), a 
phenol (2 mols.), potassium hydroxide (1 mol.), and water (0*3 mol.) 
in presence of copper bronze. The yields given below are calcu¬ 
lated on the chloronitrobenzene. If the proportion of alkali be 
increased (say, to 1*5 mols.), unworkable tars result, but in the 
case of the condensation with m-chlorophenol, a substance only 
obtainable with difficulty, the proportion of phenol may be reduced 
to 1 mol. without seriously decreasing the yield. 
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2- Chforo-2 f -nitrodiphenyl ether was obtained in 55% yield, forms 
yellow, hexagonal prisms or plates from alcohol, and has m.p. 48°, 
b. p. 209°/9 mm. {Found : N(X>, 18*8. C 12 H 8 0 3 NC1 requires N0 2 , 
18*4%). 

3 - Ghloro-2'-nitrodiphenyl ether , obtained in 58% yield, is a yellow 
oil, b. p. 20478 mm. [Found (crude substance) N0 2 , 17-3%]. The 
m-chlorophenol required was obtained by Hodgson’s method (Brit. 
Pat . 200714) from m-chloroaniline. The addition of copper sulphate 
to the diazo-solution appears to improve the yield (94%) slightly. 
The m-chloroaniline used was readily prepared in almost theoretical 
yield by reducing m-chloronitrobenzene by the iron-ferric chloride 
method (below). 

4c-Ohloro-2'-nitrodiphenyl ether , obtained in 75% yield, separates 
from alcohol in yellow needles, m. p. 44—45°, b. p. 208°/ll mm., or 
220720 mm. (Found : 01,14*7; N0 2 , 18*9. C 12 H 8 0 3 NC1 requires 
01,14*2; N0 2 , 18*4%). 

Preparation of Aminodiphenyl Ethers. —The method previously 
adopted for the reduction of nitrodiphenyl ethers has been aban¬ 
doned in favour of the following, which gives excellent yields. A 
mixture of nitro-compound (1 part), iron filings (1*5 parts), and 
water (1 part) was heated for about 10 minutes in boiling water, 
with thorough shaking. A gram of ferric chloride for each 100 g. 
of iron was then added and the whole shaken and heated until a 
reaction set in. The reaction was controlled if necessary by removal 
from the bath, and finally completed by heating in boiling water 
for an hour. The cooled product was shaken with ether, filtered, 
and the iron residue washed with ether. The ethereal solution was 
shaken with an excess of hydrochloric acid, when the base separated 
as the hydrochloride. The iron residues become warm on exposure 
to air, owing to rapid oxidation. 

AH the amino-compounds are stable, and distil unchanged in a 
vacuum. 

o-Aminodiphenyl ether, obtained in almost theoretical yield, 
forms an acetyl derivative, colourless prisms from light petroleum 
(b. p. 80—100°) (Found: N, 6*4. C^H^N requires 
6 * 2 %). - 

2-Chforo-2'-aminodiphenyl ether, obtained in 90% yield, separates 
from light petroleum (b. p. 80—100°) in white prisms, m. p. 44—45°, 
b. p. 185°/9 nim. The hydrochloride forms colourless, irregular 
plates, m. p. 171-4?3° (Found: HCl, 14*6. C 12 H 10 ONC1,HC1 
requires HC1, 14*3%)7 

%-OMor<h2'-aminoMy)he^ obtained in 91% yield, and 

is a colourless oil, b. p. 198718 The hydrochloride, colourless 
||ptegates of prisms, Ms m. p. 149—151° (Found: HCl, 14*4%), 
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The benzoyl derivative separates from dilute alcohol in clusters of 
needles, m. p. 106°. 

4z-Chloro-2'-aminodi'phenyl ether , obtained in 94% yield by the 
iron method, and in 84% yield by the alcoholic stannous chloride 
method, is a yellow oil, b. p. 202°/15 mm. The hydrochloride forms 
colourless prisms, m. p. 190—191° (Found: HC1, 14*3%), and the 
benzoyl derivative, hair-like needles from dilute alcohol, m, p. 
108—109°. 

Preparation of Phenoxyphenylarsinic Acids ,—These acids were 
prepared by the following modification of the usual method : 

The diazo-solution obtained from amine hydrochloride (1 mol.), 
and hydrochloric acid (T5 mols.), etc., was neutralised with sodium 
hydrogen carbonate (0*5 mol.), and treated with a little copper 
sulphate solution. This solution was then slowly added to an 
arsenite solution (at 50—60°), containing arsenious oxide (0*75 mol.), 
sodium hydroxide (2 mols.), sodium carbonate (0*7 mol.), water 
(7 mols.), and a little copper sulphate. It was found advantageous 
not to use benzene to prevent frothing, because the by-products 
were obtained as broim solids which could readily be removed by 
filtration, the filtrate affording pure arsinic acids after acidification. 
The acids were dried at 100° before analysis. 

o-Phenoxyphenylarsinic acid was obtained in 32% yield and 
separates from alcohol in needles, m. p. 167—168°. 

2-o-Chlorophenoxyphenylarsinic acid , obtained in 18% yield, 
crystallises from alcohol or water in needles, m. p. 195—195*5° 
(Found : As, 22*8. C 12 H 10 O 4 C1 As requires As, 22*8%),. 

2-m-Chlorophenoxyphenylarsinic acid (yield, 18%) separates from 
dilute alcohol in rounded, hexagonal plates, m. p. 177—179° (Found : 
As, 23*0%). 

2-p-(7 Morophenoxyphenylarsinic acid was obtained in 24% yield, 
and forms cubes (from alcohol), m. p. 187—188° (Found: As, 
22 * 8 %). 

Preparation of Chlorophenoxyphenyldichlor oar sines .—The arsinic 
acids were reduced in warm concentrated hydrochloric acid suspen¬ 
sion with sulphur dioxide in presence of a little potassium iodide. 
The crude dichloroarsines were converted into the corresponding 
oxides by dissolving in alcoholic sodium hydroxide containing 
sodium sulphite, and pouring the product into dilute sulphuric 
acid. In this way, all traces of iodine were removed, and the oxides, 
when warmed with concentrated hydrochloric acid, afforded pure 
dichloroarsines. The yields were almost theoretical. 

2-o-Chlorophenoxyphenyldichloroarsine is a pale yellow oil, boiling 
with only partial decomposition at about 217°/8 mm. [Found i 
Cl (attached to arsenic), 20*7. c 12 h 8 OC1 3 As requires 01, 20-3%]. 
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2-m-Chlorophenoxyphenyldichloroarsine, is a pale yellow oil boil¬ 
ing with advanced decomposition at about 220 Q /1Q mm. [Found, 
Cl (attached to arsenic), 20*8%]. 

2-p -ChloropJbenoxyphenyldichloroarsine, pale yellow, prismatic 
needles from petroleum (b. p. 80—100°), has m. p. 67—68°, and boils 
with only partial decomposition at about 220°/10 mm. [Found: 
Cl (attached to arsenic), 20*3%]. 

The analysis of the dichloroarsines and of the chlorophenoxarsines 
has been effected by a simplified method: The chloroarsine was 
dissolved in alcohol, a slight excess of sodium hydrogen carbonate 
added, the solution warmed, just acidified with dilute sulphuric 
acid, neutralised with precipitated calcium carbonate, and titrated 
against N /10-silver nitrate. 

Preparation of Chlorophenoxarsinic Acids .—8 -Chlorophenoxarsinic 
acid . Two grams of 2-ra-chlorophenoxyphenylarsinic acid were 
heated with 15 c.c. of concentrated sulphuric acid at 100° for 15 
minutes, the solution then poured into water, and the precipitate 
collected. It was found impossible to obtain a pure compound by 
recrystallisation, and purification was ultimately effected by adding 
excess of sodium hydroxide to a solution of the sodium salt (colour¬ 
less leaflets), when the latter was precipitated in the pure state, 
and gave rise to an acid which crystallised from alcohol in prisms, 
m. p. 250—252° (Found: As, 24*3. C 12 H 8 O s C1As requires As, 24*2%). 

7 -Chlorophenoxarsinic acid . This acid separated on diluting the 
concentrated sulphuric acid solution; it crystallised from alcohol 
in colourless plates or prisms, m: p. 240—242° (Found: As, 23*7%). 

When o-phenoxyphenylarsinic acid or its o-chloro-derivative was 
heated with concentrated sulphuric acid and the product diluted, 
no separation of solid occurred, and neutralisation by barium car¬ 
bonate, finally followed by treatment of the barium salt with 
sulphuric acid, gave deliquescent sulphonic acids, which were not 
further investigated. 

Preparation of Dichlorophenoxarsines .—(a) From cMorophenox- 
arsinic acids, 8-Chlorophenoxarsinic acid, when reduced by the 
usual method, in the warm, gave 5 : 8 -dicJdorophenoxamne, which 
separates from petroleum (b. p. 80—100°) in colourless intersecting 
circular plates, m. p. 125° [Found : 01 (attached to arsenic), 11*5. 
C 12 H 7 OQ 2 As requires Cl, 11*3%]. 

7-Chlorophenoxarsinic acid, when similarly reduced, gave a 
mixture which was separated by repeated crystallisation from 
petroleum-chloroform solution. 5 :7-Pichlorophenavarsine was 
obtained as almost colourless,rhombs, m. p. 144—145° [Fpqnd,: Cl 
(attached to arsenic)# togetherwith an 'arsenic-icee substance* 

forming yellow laminae, m. p. 119—120°; 
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(b) From chlorophenoxyphenyldichloroarsines. The dichloro- 
arsines were either allowed to boil gently under reflux under 
diminished pressure for 6 hours, or heated for a similar period at 
200° in a current of carbon dioxide, and the residual crude chloro- 
phenoxarsine was crystallised from chloroform-petroleum mixtures. 

5:9- Dichlorophenomrsi n e , from 2 - o - chlorophenoxyphenyl- 
dichloroarsine, forms pale yellow needles, m. p, 99° [Found : Cl 
(attached to arsenic), 11*3%]. 

Synthesis of 5:8- Dichlorophenoxarsine . — 2 : 4- Dichloronitro - 
benzene . As details of the preparation of this substance are not to be 
found in the literature, they are given here : m-Dichlorobenzene 
(1 mol.) was dissolved in nitric acid (d 1*5; 4-5 mols.) with efficient 
' cooling, and the solution then warmed for 10 minutes at 70°. On 
pouring into ice and water, the nitro-compound separated as a solid, 
which after being melted under hot water melted at 33° (Beilstein 
and Kurbatov, Annalen, 1876, 182, 97, give the same figure). 

5-CMoro-2-nitrodi'phenyl ether . 2 : 4-Dichloronitrobenzene (1 mol.) 

was added to a warm solution containing potassium hydroxide 
(1 mol.), phenol (2 mols.), and watev (0*3 mol.). A vigorous reaction 
at once set in, without addition of copper bronze, and was com¬ 
pleted by heating at 100° for 10 minutes. The product, after being 
worked up as usual, afforded the theoretical yield of the chloro- 
nitrodiphenyl ether, which crystallises from alcohol or petroleum 
(b. p. 80—100°) in prisms, m. p. 85° (Found : Cl, 14-3; N0 2 ,17-8. 
C 12 H 8 0 3 NC1 requires Cl, 14-2; ET0 2 , 18-4%). Using half the above 
proportion of phenol, the same result was obtained. 

5~Chloro-2-aminodiphenyl ether . The last-named nitro-compound 
was reduced by the iron-ferric chloride method, when the amine 
hydrochloride was obtained in 95% yield as needles of indefinite 
m. p. (Found : HC1, 14-2. C 1? H 10 ONC1,HC1 requires HC1,14-3%). 

4t-Chfao-2-phenoxyphenylamnic add. This acid, obtained in 
25% yield from the amine hydrochloride in the usual manner, forms 
colourless, hairy tufts of needles from dilute alcohol, and has m. p. 
182* (Found: As, 22*3. C 12 H 10 O 4 C1 As requires As, 22*8%). 

4^CMoro-2-phenoxyphenyldichloroarstne (see introduction), pale 
yellow, regular cubes or octahedra from petroleum (b. p. 80—100°), 
has m. p, 91—92°, and possesses an objectionable odour [Found; 
Cl (attached to arsenic), 20*1. C-^HgOClgAs requires Cl, 20-3%]. 

5 • S~DicJdorophenoxarsine. A weighed quantity of 4-chloro-2- 
phenoxyphenyldichloroarsine was heated at 200° in a current of 
pure carhw dioxide* Pydvogeq. chloride was evolved rapidly, the 
percentage '(^oldorQ|phenpx:areine at tfce end qf 

2,3, apd 8 hours b^ipg about 40, 55, and 65, respectively, 
was then discoptmped* The product became solid on coqlhag, #a|[. 
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"was once crystallised from light petroleum (b. p. 80—100°). It then 
melted at 125°, possessed the highly characteristic crystalline form 
*df the dichloroarsine obtained from 2-m-chlorophenoxyphenyl- 
dichloroarsine, and did not depress the m. p. of this phenoxarsine 
[Found : Cl (attached to arsenic), 11-7%]. 

Rates of Conversion of Phenoxyphenyldichloroarsines into Chloro - 
phenoxarsines. —About 1 g. of each of the four dichloroarsines 
(I—IV) was placed in a test-tube fitted as a wash-bottle, with a 
capillary carbon dioxide ingress tube passing to the bottom of the 
test-tube. The egress tube was connected to an absorption flask 
containing jV/lO-potassium hydroxide solution in each case. AH 
four tubes were simultaneously plunged into a stirred oil-bath kept 
at 200° ± 1°» and an equal current of pure carbon dioxide allowed 
to bubble through each. At intervals of 1 hour, the absorption 
flasks were replaced by similar ones, this operation being carried 
out in a uniform routine manner, so that the exact time interval 
obtained for each substance. The results are expressed below in 
terms of percentage decomposition. 

Percentage decomposition. 


Time (hours). 

I. 

II. 

III. 

IV. 

1 

23*7 

1*86 

8-90 

1*09 

2 

38*2 

6*08 

23*4 

4*65 

3 

45*7 

11*2 

29*3 

11*3 

4 

49*5 

15o 

33-0 

17*0 

5 

53-5 

19*7 

35*5 

20*5 

6 

56-6 

24*3 

37*8 

27*0 


The expenses of this investigation were partly defrayed by a 
grant obtained from the Chemical Society, for which the authors 
desire to express their thanks. 

East London Coldbob, 

University of London. [Received, June \2th, 1925.] 


CCLXXIL—2- Amino-4:: 5-dimethylglyoxaline . 

By [the late] Richard Beetles and Frank Lee Pyman. 

4(5)-Amino-5(4)-methylglyoxaline (Fargher, J., 1920, 117, 668), 
4-amirto-l : 5-dimethylglyoxaline, and 5-a mi no-1 : 4-dimethylgly- 
oxaline (Pyman, J., 1922, 121, 2616) behave like typical aromatic 
amines in yielding benzylidene derivatives, and diazo-solutions which 
couple with sodium p-naphthoxide. The so-called 2-aminoglyox- 
aEne (I), however, neither yields a benzylidene derivative (Fargher 
and Pyman, J., 1919, 115, 217) nor does it behave normally with 
sodium nitrite (Pyman and Timmis, J. Soc. Dyers Col , 1922, 38, 
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269). It seems, therefore, to react rather according to the altern¬ 
ative tautomeric formula, that of 2-imino-3 :4-dihydroglyoxaGne 


SS‘NH>C-NH 2 

CH—N 2 

(I-) 


ch-nh^ 0 . nh 

ch-nh >c ' nh 

(II.) 


CO-NH-C—N 2 

(III.) 


(II), put forward by Fargher and Pyman, and it may be noted that 
some other amino-compounds capable of similar tautomerism, for 
example, 2-aminopyridine, fail to react smoothly with nitrous 
acid. 

On the other hand, the 8-aminopurines, for example, 8-amino- 
xanthine (III), which contain an amino-group in the 2-position of the 
glyoxaline nucleus, yield diazo-eompounds which couple with 
R-salt (H. Fischer, Z. physiol. Chem ., 1909, 60, 69). The 8-amino- 
purines differ from 2-aminoglyoxaline in that there is no possibility 
of substitution in their case at the 4- and 5-positions of the glyox¬ 
aline ring, and it seemed possible that this difference in structure 
might be the cause of the difference in behaviour. Some support 
appeared to be lent to this view by the fact that creatinine (IV) 
gives with nitric acid and sodium nitrite a mixture of oximino- 
creatinine (V) withoximinomethylhydantoin (Schmidt andThumann, 
Arch. Pharm 1912, 250, 352), and it was thought that the action 
of nitrous acid on 2-aminoglyoxaline might lead to the formation of 
an oximino-derivative (VI). To test this point, we have prepared 


CHg-NMe^^TT C(:isr-OH)-NMe 

CO—NET ‘ CO---NH 

(IV.) (V.) 


>c:nh 


C£N-OH)*NH >crNH 

6h=IT 

(VI.) 


2-amino-4:: 5-dimethylglyoxaline (VIII), which cannot yield an 
oximino-compound of this type, and find that in general its 
behaviour towards nitrous acid in the presence of acid or alkali 
resembles that of 2-aminoglyoxaline. Consequently, the failure of 
2-aminoglyoxaline to behave normally with nitrous acid cannot 
be attributed to the suggested .cause. 

The 2-amino-4:5-dimethylglyoxaline (VIII) required for this 
purpose was prepared by the reduction of 2-^-bromobenzeneazoA : 5- 
dimethylglyoxaline (VII), which was itself obtained by coupling 
diazotised p-bromoaniline with 4 : 5-dimethylglyoxaline. Since the 


CMe-NBS- 

CMe— 


*NIN*C 6 H 4 Br 


(VII.) 


(VIII.) 


synthesis of 4: 5-dimethylglyoxaline is long and tedious, an altern¬ 
ative method of preparing the amine was sought in the condensation 
vol. cxxvn. 3x 
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of a-bromoethyl methyl ketone (IX) with guanidine (X), but the 
required substance could not even be identified with certainty 


CMeBr 

CMe-OH 

(IX.) 


+ ^>c-nh 2 

(X.) 


CMe—N 2 


amongst the products of the reaction, although an analogous 
reaction, the condensation of a-chloroketones with thiocarbamides, 
gives good yields of the 2-amino-4-alkylthiazoles (Traumann, 
Annalen , 1888, 249, 31). 

In these circumstances, attention was directed to the preparation 
of 2-aminoA(5ymethylglyoxaline (XIV), which, it was expected, 
could be made in quantity from the readily accessible 4(5)-methyl- 
glyoxaline. On treating this base with diazotised p-bromoaniline, 
the expected mixture of 2- and 5(4:)-^-bromobenzeneazo-4c(5)-methyl- 
glyomlines (XI and XII) with the bis-azo-compound was obtained. 
The constitution of the 2-isomeride [and therefore of the 5(4)- 
isomeride also] was readily established through its reduction to 
alacreatinine (XI33) by means of zinc dust and acetic acid, but, 
unfortunately, attempts to reduce it smoothly to 2-amino-4(5)- 
methylglyoxaline, by means of stannous chloride, failed. Here 
again alacreatinine was obtained together with a substance which 
was probably the required amine. 



2^-BromobenzeneazoA : 5’dimethylglyoxaline (VII).—^4 : 5-Di- 
methylglyoxaline hydrochloride (4*12 g.) was added to an aqueous 
solution of hydrated sodium carbonate (59 g.) in water (300 c.c.), 
and to the turbid liquor, the product of diazotising ff-bromoaniline 
(5-37 g.) in concentrated hydrochloric acid (32 c.c.) and water 
(100 c.c.) with sodium nitrite (3 g.) was added. After keeping 
over-night, the insoluble product was collected and crystallised 
from alcohol (7*15 g.; yield = 82%). 

2-]$-Broiru)benzeneazo-4 :: 5-dimethylglyoxaline crystallises from 
^ in light brown needles, m. p. 213—214° (corr.) (Found ; 
.N* 19*9; Bri 29*1. C 1]L H lx N 4 Br requires N, 20*1; Br, 28*7%). 
It seems to cause irritation of the skin and swelling of the eyelids. 
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On treatment -with cold hydrochloric acid, it yields a sparingly 
soluble hydrochloride (orange-yellow needles, decomp. 135°), which 
resinifies when heated with dilute hydrochloric acid (Pound: 
Cl, 11*6. C n H u N 4 Br,HCl requires Cl, 11*3%). 

Reduction. —The above azo-compound (2*79 g.) was reduced by 
heating at 100° with stannous chloride (5*6 g. hydrated) in con¬ 
centrated hydrochloric acid (13c.c.) and water (50c.c.) until almost 
completely decolorised. After removing tin by hydrogen sulphide, 
the solution was concentrated to low bulk, and made alkaline; 
ff-bromoaniline was then partly precipitated and partly removed by 
ether. The mother-liquor was acidified with hydrochloric acid, 
evaporated to dryness, and extracted with alcohol; the extract 
gave on evaporation 2-amino-4 : 5-dimethylglyoxaline hydrochloride 
(1*02 g.; yield = 69%). 

2-Amino-i : 5-dimethylglyoxaline hydrochloride (VIII) crystallises 
from alcohol in fine, colourless needles, m. p. 289° (corr.) (Found: 
.C, 40-4; H, 7*0; N, 28*1; Cl, 24*4. C 5 H 9 N 3 ,HC1 requires C, 40-7; 
H, 6*8; N, 28*5; Cl, 24*0%). It is very easily soluble in water or 
alcohol, and is best purified through the carbonate, which is precipit¬ 
ated on mixing this salt with sodium carbonate in strong aqueous 
solution, and may be recrystallised quickly from water. The 
carbonate , m. p. 144° (corr.), contains 1 H 2 0, and is readily soluble 
in hot water, but much less soluble in cold water. It is insoluble 
or very sparingly soluble in most organic solvents. Its aqueous 
solution is alkaline and gradually darkens on heating, yielding 
resinous products [Found in air-dried substance : C, 43*4, 43*5; 
H, 7*2, 7*3; N, 28*1. (C 5 H 9 N 3 ) 2 ,H 2 C0 3 ,H 2 0 requires C, 43*7; 

H, 7*3; N, 27-8%]. The picrate crystallises from water in yellow 
needles, m. p. 245° (corr.) (Found; N, 24*5. C 5 H 9 N 3 ,C 6 H 8 0 7 N 3 
requires 1ST, 24*7%). 

Reactions with Nitrous Acid .—Both 2-amino-4 : 5-dimethyl- 
glyoxaline and 2-aminoglyoxaline react sluggishly with nitrous 
acid in the presence of dilute or concentrated hydrochloric acid or 
of 25% acetic acid, giving solutions from which neither the original 
material nor any useful quantity of other crystalline substances 
could be isolated, but which give deep colours on treatment with 
sodium hydroxide. A difference in behaviour, however, was 
observed where 23% nitric acid was employed, for here, after treat¬ 
ment with sodium nitrite and keeping for 2 days, the solution from 
2-aminoglyoxaline deposited a red solid, the filtrate from which 
gave a purple solution with sodium hydroxide, whilst the solution 
from 2-amino-4; 5-dimethylglyoxaline remained clear and gave a 
pale yellow solution with either sodium hydroxide or sodium 
P-napkthoxide. Both amines give deeply coloured solutions with 

, 3 Y 2 
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either sodium nitroprusside and aqueous sodium hydroxide, or 
with amyl nitrite and sodium ethoxide in alcoholic solution. Since 
solutions of both amines in aqueous sodium hydroxide gradually 
darken on keeping, it is possible that the main effect of nitrous acid 
upon them is one of oxidation, for both bases are readily oxidised; 
thus 2-amino-4:5-dimethylglyoxaline immediately reduces cold 
aqueous acid permanganate or ammoniacal silver nitrate. 

2-AcetylaminoA : 5-dimethylglyoxaline, prepared by boiling the 
above carbonate with acetic anhydride and fused sodium acetate 
for 1 hour, crystallised from water in colourless needles, m. p. 270° 
(corr.) (Found: N, 27-6. C 7 H 11 ON 3 requires N, 27*5%). It is 
soluble in dilute hydrochloric acid and in aqueous sodium hydroxide, 
but insoluble in aqueous sodium carbonate. After treatment with 
hydrochloric acid and sodium nitrite, it gives no coloration with 
sodium (3-naphthoxide. It instantly decolorises cold aqueous 
potassium permanganate. 

2-Amino-4 : 5-dimethylglyoxaline does not yield a benzylidene. 
derivative. 

^-Bromobenzeneazo-derivatives of 4c(5)-Methylglyoxaline. —The 
diazo-solution from p-bromoaniline (34*4 g.), hydrochloric acid 
(260 c.c. cone.), water (600 c.c.), and sodium nitrite (14 g.) was 
added to a stirred ice-cold solution of 4(5)-methylglyoxaline (16*4 g.) 
and hydrated sodium carbonate (350 g.) in water (1*6 1.). After 
keeping over-night, the insoluble azo-compounds were collected, 
and the filtrate was treated with diazotised p-bromoaniline (2 g.) [to 
utilise the 4(5)-methylglyoxaline remaining in excess on account of 
the formation of the bis-azo-compound], when a further separation 
of azo-compounds occurred. The total material was extracted 
several times with cold 2-5% hydrochloric acid (240 c.c. each time), 
when the very dark-red bis-azo-compound (10 g., crude, m. p~ 
100—102°) remained undissolved. The filtrate was basified with 
sodium carbonate, and the product crystallised from alcohol, when 
nearly pure 2-p-bromobenzeneazo-4(5)-methylglyoxaline, ca. 20 g., 
m. p. 219°, separated, followed by crops of lower m. p. (204—210°)* 
The latter were mixed with cold dilute hydrochloric acid, when the 
sparingly soluble 5(4)-p-bromobenzeneazo-4(5)-methylglyoxaline- 
hydrochloride separated, and the filtrate from this, when basified, 
gave more of the crude 2-azo-compound. After repetition of 
these operations,, there were obtained 25 g. of the 2-azo-compound 
(47%) and 7*5 g. of the hydrochloride of the 5(4)-azo-compound 
( 12 %). 

'2-p-^romofefi^e?m2^-4(5)-mei%Z^Z^oa^Zme (XI) crystallises from 
afcohcA in fine yellow needles, mV p. 225—226° (corr.) (Found: 
Q; 45*2 ^ N, 21-1., G^H^Br requires C, 45-3; H, 34; 
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N, 21*1%). Its hydrochloride is very easily soluble in dilute 
hydrochloric acid. 

6(4:)-^~Bromobenzeneazo-4:(5)-methylglyoxaline (XII) crystallises 
from alcohol in irregular, brown prisms, m. p. 238° (corr.) (Found : 
C, 45*1; H, 3-6. C 10 H 9 N 4 Br requires C, 45*3; H, 3*4%). The 
hydrochloride is sparingly soluble in dilute hydrochloric acid, from 
which it crystallises in fine yellow needles or long, yellow-red prisms, 
m. p. 188° (decomp.; corr.). 

Reduction of 2--p-Bromobenzeneaz o - 4 (5) - methylglyoxaline. —A. With 
zinc dust and acetic acid. Zinc dust (9 g.) was added gradually to a 
solution of the azo-compound (5*3 g.) in a boiling mixture of glacial 
acetic acid (20 c.c.) with water (40 c.c.). Zinc was removed by 
hydrogen sulphide, and the solution was mixed with hydrochloric 
acid and evaporated to dryness. After basifying with aqueous 
sodium carbonate, ^-bromoaniline (2*3 g.) was collected by means 
of ether, and the aqueous solution was acidified with hydrochloric 
acid, evaporated to dryness, and extracted with alcohol, which left 
sodium chloride and some ammonium chloride undissolved. The 
alcoholic extract was mixed with alcoholic picric acid and gave 
1*8 g. (yield 26%) of pure alacreatinine picrate, m. p. 212° (decomp.; 
corr.: after sintering earlier) (Found: C, 35-3; H, 3*2. Calc.: 
C, 35*1; H, 2*9%). This identification was confirmed by the pre¬ 
paration of the hydrochloride, which had m, p. 202° (corr.) (compare 
Fargher and Pyman, loc. cit.). 

B. With hot stannous chloride . Stannous chloride (33*6 g., 
hydrated) in concentrated hydrochloric acid (66 c.c.) was added to 
a hot solution of the azo-compound (15-9 g.) in hydrochloric acid 
(12 c.c.) and water (300 c.c.). Decoloration took place at once, and, 
proceeding as in A, ^-bromoaniline (6*5 g.), and a mixture of picrates 
(from water instead of alcohol), amounting to 10*7 g. s m. p. 155— 
180°, were collected. After a tedious process of crystallisation from 
water and alcohol, the latter gave a sparingly soluble picrate (0*4 g., 
m. p. >300°; probably guanidine picrate), alacreatinine picrate 
(2*3 g.; m. p. 210—211°; yield 11%), and 2-amino-4c(5)-methyl- 
glyoxaline picrate (XIV) (2*05 g., yield 10%). This salt crystallised 
from alcohol in brownish-yellow nodules, m. p. 186—187° (corr.) 
(Found: C, 37*2; H, 3*6. C 4 H 7 N 3 ,C 6 H 3 0 7 N3 requires C, 36*8; 
H, 3*1%). The hydrochloride, prepared from the picrate in the 
usual way, was not obtained crystalline, but its aqueous solution 
resembled that of 2-aminoglyoxaline hydrochloride in its behaviour 
towards nitrous acid in acid and alkaline solution. 

C . With cold stannous chloride . Stannous chloride (12*0 g,, 
hydrated) in concentrated hydrochloric acid (30 c.c*) was added to a 
solution of the azo-compound (6*6 g.) in 3% hydrochloric acid 
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(66 c.c.) at 0°. After keeping over-night at the laboratory temper¬ 
ature, the solution had become clear and colourless, and was worked 
up as before* when ^-bromoaniline (3-5 g.) was obtained together 
with a mixture of picrates from which 3-2 g. (yield 38%) of pure 
alacreatinine picrate were isolated. 

One of us (R. B.) is indebted to the Department of Scientific and 
Industrial Research for a grant which he desires gratefully to 
acknowledge. 

Municipal College of Technology, 

University of Manchester. [ Received , July 8 th , 1925.] 


CCLXXIII .—A Synthesis of dl -Dicentrine. 

By Robert Downs Haworth, William Henry Perkin, jun., and 

John Rankin. 


The observation that 1-veratrylnorhydrohydrastinine is converted 
into 6'-nitro veratrylnorhydrohydrastinine by the action of nitric acid 
(Haworth and Perkin, this vol., p. 1450) has led to an examination 
of the action of nitric acid on 1 -veratrylhydrohydrastinine (I). This 
base was obtained by converting homoveratroylhomopiperonylamine 
into l-veratryl-6 : 7-methylenedioxydihydrozsoquinoline (Haworth, 
Perkin, and Rankin, J., 1924, 125, 1694), the meihiodide (II) of 
which was made into the more soluble methoehloride, and reduced 
to 1-veratrylhydrohydrastinine (I), first by zinc dust and sulphuric 
acid and then electrolytically. This procedure is advisable when 
the crude methiodide is employed, because this contains the 
meihiodide of 6 : 7 -methylenedioxy- 3' : 4t-dimethoxy -1 ^benzoyl-Z : 4- 
dihydroisoquinoline (III) arising from the spontaneous oxidation of 
the dihydrouoquinoline (Buck, Haworth, and Perkin, J., 1924,125, 
2180), and complete reduction cannot be brought about by the zinc 
dust and sulphuric acid reduction alone. 
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l-Veratrylhydxohydrastinine (I) is a syrup from which a crystal¬ 
line hydrochloride, hydriodide and picrate have been obtained. When 
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the base (I) was nitrated in acetic acid solution, 6 '-nitroveratryl- 
hydrohydrastinine (IV) was obtained as a buff-coloured, crystalline 
mass, from which a crystalline hydriodide and picrate have been 
prepared. The nitro-base (IV) was readily reduced to 6 f -aminover- 
atrylhydrohydrastinine (V) by stannous chloride and hydrochloric acid, 
and although this substance has not been obtained in the crystal¬ 
line state, a well-defined dihydrochloride has been prepared. The 
solution of the dihydrochloride yields an intense blue coloration on 
the addition of ferric chloride, indicating that the positions occupied 
by the nitro- and amino-groups are those represented in (IV) and 
(V) respectively. 
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6Aminoveratrylhydrohydrastinine (V) was diazotised and 
treated with copper powder under conditions similar to those which 
Gadamer employed for the conversion of aminolaudanosine into 
dZ-glaueine (Arch. Pharm ., 1911, 249, 680), and a crystalline base, 
C 20 H 21 O 4 N, m. p. 178—179°, was isolated in a yield of about 15%. 
The method of synthesis outlined above seems to us to leave no 
doubt that the synthetical alkaloid is dl-dicentrine, and on resolu¬ 
tion this should yield an optically active base, identical with 
naturally occurring dicentrine. We are now engaged in an attempt 
to prepare considerable quantities of the debase for the purposes 
of this resolution and to improve the yields in the various 
stages of the synthesis; a more complete description of the 
preparation and properties of these substances is reserved for a future 
communication. The dl- base (VI) yields crystalline salts, the 
methiodide being particularly characteristic, whilst the hydrochloride 
and picrate also have been obtained. It should be mentioned that 
the synthetic base exhibits all those colour reactions with con¬ 
centrated sulphuric acid, Erdmann's, Frohde’s and Mandolin’s 
reagents which are characteristic of naturally occurring dicentrine 
(Asahina, Arch. Pharm* } 1909, 247, 202). 
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Experimental. 

l-Veratryl-6 :1 •methylenedioxydihydroisoquinoline Methiodide (II). 
—Homoveratroylhomopiperonylamine (20 g.) was converted into 
l-veratryl-6 : 7-methylenedioxy<hhydroz’soquinoline as described by 
Haworth, Perkin, and Rankin ( loc . cit), the total basic material 
extracted with, benzene, dried over potassium carbonate, concen¬ 
trated, and boiled with methyl iodide (12 c.c.), when a reddish-brown 
oil separated which gradually hardened; after 4 hours, the mass of 
yellow crystals (25 g.) was collected. This crude material, m. p. 
228°, was usually employed for reduction purposes. 

The methiodide is sparingly soluble in water and alcohol, and 
crystallises from boiling alcohol in beautiful, lustrous, straw-yellow 
plates, m. p. 239—240° (Pound: C, 51*6; H, 4*9. C 20 H 22 O 4 NI 
requires C, 51*4; H, 4*7%). 

6 : 1-Methylenedioxy-Z ' : 4' -dimethoxy-l-benzoyl-3 ; 4- dihydroi&o - 
quinoline Methiodide (III).—-As this substance probably occurs 
in the crude methiodide described above, a small quantity was pre¬ 
pared for comparison with the above methiodide by boiling a benzene 
solution of 6 : 7-methylenedioxy-3 : 4-dimethoxy-l-benzoyl-3 : 4- 
dihydroisoquinoline (Buck, Haworth, and Perkin, loc . cit) with 
excess of methyl iodide for several hours, when crystals separated 
which recrystallised from alcohol in amber-coloured rhombs, m. p. 
232—233° (decomp.), sparingly soluble in water and alcohol (Pound : 
C, 50*0; H, 4*2. C 20 H 2 qO 5 NI requires C, 49*9; H, 4*2%). 

1 -Veratrylkydrohydrastinine (I).—The crude methiodide (25 g.) 
obtained as described above was suspended in water (500 c.c.) and 
digested with freshly-precipitated silver chloride for 4 hours, filtered 
off, and reduced with excess of zinc dust and dilute sulphuric acid 
for J hour. After filtration, the pale yellow solution was concen¬ 
trated to 200 c.c., acidified with dilute sulphuric acid (50 c.c.), and 
reduced in an electrolytic cell with 5 amperes for 12 hours, when the 
solution became colourless and a mass of crystals separated. These 
were dissolved by warming, filtered, the base liberated by the addi¬ 
tion of ammonia, extracted with chloroform, dried with potassium 
carbonate and evaporated, when an oil (12 g.) remained which could 
not be induced to crystallise. The hydrochloride was prepared by 
dissolving the base in dilute hydrochloric acid, and concentrating, 
when the salt separated in colourless, rhombic plates, m. p. 215— 
216°, which are readily soluble in alcohol and water (Pound: 
C, 63*5; H, 6*4. C^H^O^Cl requires C, 63*6; H, 6*4%). The 
hydriodide was precipitated, by addition of potassium iodide to a 
hot solution of the hydrochloride, as an oil, which slowly hardened; 
it crystallised from water containing a little methyl alcohol in colour- 
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less, elongated prisms, m. p. 180—182° (Found : C, 51-2; H, 5*2. 
CgoH^C^NI requires C, 51*2; H, 5*1%). It is soluble in methyl 
or ethyl alcohol, but sparingly so in water. The pier ate was pre¬ 
pared in alcoholic solution, in which it was sparingly soluble, and 
crystallised from alcohol-glacial acetic acid in orange-yellow prisms, 
m. p. 188—189° (decomp.). 

6 '-Nitroveratrylhydrohydrastinine (IV).—Veratrylhydrohydrastin- 
ine (5 g.) dissolved in glacial acetic acid (25 c.c.) was treated at 
5 —io° with concentrated nitric acid (10 c.c.) which had been 
previously warmed with carbamide. After J hour the dark brown 
nitration mixture was poured into water, when a brown slime 
separated. The mixture was digested for i hour with excess of 
ammonia, the liquid decanted from the semi-solid mass, and the latter 
boiled with dilute hydrochloric acid and animal charcoal, filtered, 
made alkaline with ammonia, and the crude buff-coloured nitro- 
base (4 g.) collected. This material is sufficiently pure for reduction 
purposes, but in order to obtain a pure specimen of the nitro-base, 
the crude product was dissolved in methyl alcohol, mixed with ether, 
washed several times with water, the clear ethereal solution dried, 
concentrated, and diluted with petroleum (b. p. 40—60°) until a 
turbidity was produced. After some time the nitro-base separated 
in nodular masses of buff-coloured needles, m. p. 118° (Found ; 
C, 61*8; H, 5*8. requires C, 62*2; H, 5*7%). It is 

very soluble in the usual organic solvents with the exception of 
petroleum, and dissolves in dilute mineral acids to a pale yellow 
solution. When an acid solution of the base is reduced with zinc 
dust, the filtered solution gives an intense blue coloration with ferric 
chloride. The hydriodide is precipitated by the addition of potass¬ 
ium iodide to a solution of the base in dilute hydrochloric acid, 
and crystallises from much alcohol in pale yellow, elongated prisms, 
m. p. 213°. The picrate separates as an oil, which rapidly hardens, 
when an alcoholic solution of the base is treated with picric acid. 
It crystallises from glacial acetic acid in lemon-yellow needles, 
m. p. 192°. 

Q'-Aminoveratrylhydrohydrastinine (V) .—6'-Nitro veratrylhydro- 
hydrastinine (10 g.) was dissolved in glacial acetic acid (40 c.c.) 
and allowed to remain at 15° with hydrated stannous chloride (20 g.) 
and concentrated hydrochloric acid (40 c.c.) for 12 hours, when a* 
crystalline tin double salt separated. The mixture was poured into 
water (500 c.c.), filtered, made strongly alkaline with potassium 
hydroxide, and extracted several times with chloroform; the 
extracts were dried over potassium carbonate and concentrated; 
The residual oil was very soluble in organic solvents with the 
exception of petroleum, and all attempts to induce crystallisation 

3 Y* 
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have failed. The dihydrochloride was obtained by dissolving the 
base in ethyl alcohol and saturating with dry hydrogen chloride, 
when a mass of small, colourless prisms separated. These are 
sparingly soluble in methyl or ethyl alcohol, but readily soluble in 
water, the latter solution giving an intense blue coloration with 
ferric chloride. It recrystallises from aqueous alcohol in colourless 
prisms, m. p. 250° (decomp.) (Found : C, 56*1; H, 6*2. C 2d H 26 0 4 N 2 Cl 2 
requires C, 55*9; H, 6*1%). The base was liberated from the hydro¬ 
chloride by sodium hydroxide as a colourless, viscid oil. 

dl -Dicentrine (VI).—The above dihydrochloride (2*5 g.) was dis¬ 
solved in a little water, made alkaline with sodium hydroxide, and 
the base extracted with ether, dried, the solvent removed, and the 
residual oil dissolved in 10% sulphuric acid (10 e.c.). The solution 
was cooled by the addition of ice (20—30 g.) and 2JV'-sodium nitrite 
solution (3 c.c.) slowly added. The solution became emerald green 
and after £ hour copper powder (1 g.) was added, when nitrogen was 
rapidly evolved and the solution developed a red coloration. After 
3 hours the copper was removed by filtration, the filtrate reduced 
with zinc dust (1 g.) and concentrated hydrochloric acid (3 c.c.) 
and again filtered. 

A second experiment was carried out on the same scale, and the 
slightly warm combined filtrates were extracted twice with chloro¬ 
form. On cooling, dZ-dicentrine hydrochloride (0*4 g.) separated 
from the chloroform whilst some non-basic resin remained dissolved. 
The acid liquors were made alkaline with ammonia and extracted 
six times with ether, the extracts dried with sodium sulphate, con¬ 
centrated, and the residual oil was dissolved in boiling 15% hydro¬ 
chloric acid (10 c.c.), filtered, and cooled, when a further crop of 
d2-dicentrine hydrochloride (0*5 g.) was obtained, the total yield 
being about 15% of that theoretically possible. 

The other products of the reaction have not been closely investi¬ 
gated, but it might be mentioned that some phenolic base and 
probably also veratrylhydrohydrastinine are present in the dark* 
coloured hydrochloric acid liquors. Further a dark brown, amor¬ 
phous substance is precipitated when the acid solution is rendered 
alkaline with ammonia, which is almost insoluble in ether and has 
not been further investigated. 

dl-Dicentrine was obtained by dissolving the hydrochloride in 
boiling water, neutralising with sodium hydroxide, collecting the 
cream-coloured base, washing with water, and crystallising from 
methyl alcohol, when colourless prisms, m. p. 178—179°, were 
: 0, 70*5; H, 6*2. G 20 H 21 O 4 N requires 0, 70*8; 
H, 6*2%). It is readily soluble in chloroform, ethyl acetate, 
acetone, benzene, and hot alcohol, moderately soluble in ether and 
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cold alcohol, and sparingly soluble in petroleum. It dissolves in con¬ 
centrated sulphuric acid to a colourless solution which rapidly becomes 
reddish-violet. A colourless solution is obtained with Erdmann’s 
reagent which rapidly becomes greenish-blue, whilst deep blue color¬ 
ations are developed immediately with Frohde’s and Mandolin’s 
reagents. The hydrochloride , obtained by dissolving the base in 
hot dilute hydrochloric acid, is very sparingly soluble in alcohol 
and cold water, but crystallises from boiling water in a gelatinous 
mass or very small, colourless needles which darken at 250° and melt 
with some decomp, at 263—265° (Found: C, 63*3; H, 5*8. 
C 20 H 22 O 4 NCl requires C, 63*6; H, 5*8%). The methiodide was 
obtained by heating the base with a large excess of methyl iodide in 
a sealed tube at 100° for 1 hour. The methyl iodide was removed 
by distillation, and the residue extracted with boiling alcohol, from 
which the methiodide separated on cooling in well-defined, colour¬ 
less, four-sided plates, m. p. 228—229° (Found : C, 52*7; H, 5-1. 
C 21 H 24 0 4 NI requires C, 52*4; H, 5*0%). The picrate was prepared 
in alcoholic solution and crystallised from much alcohol in orange 
prisms, m. p. 188—189°. 

One of us (E. D. H.) is indebted to the Commissioners of the 1851 
Exhibition for a studentship which has enabled him to take part 
in this research, and to the Research Fund Committee of the Chemical 
Society for a grant which has defrayed some of the expenses of the 
investigation. 

The Dyson Perrins Laboratory, 

Oxford. [Received, July 7th, 1925.] 


CCLXXIV.~J.mmo6e^^ia2:c)Ze5. Part I . l-Anilino- 

benzthiazole and its Tolyl Homologues. 

By Robert Fergus Hunter. 

The objects of this series of investigations are : to synthesise benz- 
thiazoles and allied heterocyclic ring systems from arylthiocarb- 
amides, to study the chemistry of the bromo-addition compounds 
of the aminobenzthiazoles, and to examine the mobility of the triad 
system N*C*N[H] ,=s=a= N[H]*C!N in amino- and substituted amino- 
thiazoles. The synthesis of 1-anilinobenzthiazole (I) from s-diphenyl- 
thiocarbamide by way of the tetrabromide of the former (Hugershoff, 
Ber,, 1903,36,3121) probably takes place by way of a labile dibromo- 
addition compound of the thiocarbamide {loc. tit.). The thiazole 
must always be isolated as the tetrabromide and in a sense the ten- 

3 Y* 2 
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dency to close the thiazole ring is dependent on the tendency to form 
the bromo-addition compound. 


(X.) C 6 H 4 <®X>NHPh C 6 H 4 <|| r r 2>C-NHPh (n.) 


The physical and chemical properties of 1-anilinobenzthiazole 
tetrabromide leave little doubt that the compound has a perbromide 
structure, probably (II) : it is reduced by sulphurous acid in the 
usual way (this vol., p. 1318); on treatment with alkalis, hydroxylic 
solvents, etc., it passes into dibromoanilinobenzthiazole; and on 
exposure to air it gradually loses part of its bromine, yielding a 
stable tribromide. 

Hugershoff ( loc . cit.) observed that di-o- and -p-tolylthiocarb- 
amides on bromination formed red bromides, which on reduction 
yielded “ tolylaminotoluthiazoles 55 : these must be l-o-toluidino- 
3-methylbenzthiazole (III) and l-p-toluidino-5-methylbenzthiazole 
(IV), respectively. 



Me 


VY (iv.) 


He did not, however, investigate the bromides beyond noting that 
they lost bromine on exposure to air, yielding yellow, crystalline 
substances. 

The first product of bromination of di-o-tolylthiocarbamide in 
chloroform is the red unstable hexabromide (V), whilst di-^>-tolyl- 
thiocarbamide yields a tetrabromide (VI). These lose bromine 
on exposure to air, yielding stable tribromides; on reduction they are 
converted into the thiazoles (III and IV, respectively), and on treat¬ 
ment with hydroxylic solvents and alkalis pass into dibromo-1 - 

toluidinomethylbenzthiazoles, C 6 H 2 MeBr<C^-^ > C*ITH*C 7 H 6 Br. 


C 6 H 3 Me<®|^>C-NH-C 7 H 7 C 6 H 3 Me<|| r />C-NH-C 7 H 7 

(V 2 ) (VI.) 

The tribromides resemble the higher bromides in regard to their 
ease of reduction by sulphurous acid and their conversion into 
dibromo-substitution products by alkalis, but differ markedly from 
them in stability. They all crystallise from inert solvents in well- 
defined crystals of definite melting point and are relatively stable to 
air. They are, further, incapable of conversion into the higher 
bromides by bromination. 

The conversion of the higher bromides into the tribromides is a 
mild oxidative change involving the direct elimination of bromine. 
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In view of the stability of the products it appears reasonable to 
suggest that they are the hexabromides of condensation products, 
1-anilinobenzthiazole tribromide, for example, being 


(VII,) Br 



unfortunately, concordant values for the molecular weights have 
not yet been obtained. 

To complete the present study, the bromination of di-m-tolyl- 
thiocarbamide has been investigated. A red, crystalline hydro¬ 
bromide was isolated containing seven bromine atoms, 


(VIII.) C 6 H 3 Me<||j>C-NH*C 7 H 7J HBr. 

The compound yielded a yellow bromide on exposure to air, and on 
reduction passed into the free base, which may be either 1-m- 
toluidino-4- or -6-methylbenzthiazole. In the absence of definite 
proof of its structure, it is proposed to term it 1-m-tohiidino-m- 
toluthiazole. 

Experimental. 

$-Di-o-, -m~, and -p -tolylthiocarbamides were prepared as described 
in the literature and melted at 161°, 112°, and 176°, respectively. 

1-Anilinobenzthiazole (I).—s-Diphenylthiocarbamide (50 g.) sus¬ 
pended in 260 c.c. of chloroform was brominated according to 
HugershofFs directions {loc. tit). The red needles of the tetra- 
bromide were dried in a vacuum [m. p. 112° (decomp.). Found: 
Br, 56*8. Calc., Br, 58*6%], suspended in sulphurous acid, and 
reduced with sulphur dioxide until all solid matter was colourless on 
crushing. The product was digested with warm 2iV-sodium hydr¬ 
oxide, the free base washed, dried at 110° (yield quantitative), and 
crystallised first from ethyl acetate, which is a much better solvent 
than the alcohol recommended by Hugershoff, and then twice from 
absolute alcohol; it was thus obtained in small crystals, m. p. 159°. 
The acetyl derivative had m. p. 158° after recrystallisation from 
ethyl acetate. 

The tetrabromide (II) was prepared by heating 1 g. of thiocarb- 
anilide and 1 c.c. of bromine in chloroform under reflux for 2 
minutes; on cooling and scratching, fine, red needles separated, 
which were dried in a vacuum over potassium hydroxide (Found: 
Br, 58*8%). The substance commences to decompose at about 
110°, and melts at 117°. HugershofFs m. p. of 136° is possibly given 
erroneously, since even the tribromide melts more than 10° below 
this temperature. 

1 -Anilinobenzthiazole Tribromide (VII ?).—Bromine was gradually 
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evolved when 5 g. of the tetrabromide were exposed to the atmo¬ 
sphere for 2 or 3 days. The yellow, crystalline product, m. p. usually 
about 115°, was recrystallised from chloroform, the tribromide being 
obtained in small, yellow prisms which sintered at about 120° and 
melted to a clear red liquid at 125° (Pound : Br, 5T5. C 13 H 10 N 2 Br 3 S 
requires Br, 51*7%). 

1 - o-Toluidino-3-methylbenzthiazole (III).—Di-o-tolylthiocarbamide 
(10 g.) dissolved in 50 c.c. of chloroform was brominated with 8*5 c.c. 
of bromine, diluted with an equal volume of chloroform, as in the 
previous case. The solution, after being heated under reflux for 
10 minutes, was either agitated with “ dry 55 ether, when the tri¬ 
bromide of the thiazole separated, or evaporated in a vacuum at 
room temperature, when a red crystalline crust of a mixture of 
bromides was obtained; this became yellow at 187°, brown at 205°, 
red at 230°, viscous and dark at 260°, and melted with charring at 
265°. The crude bromide obtained by either method was reduced 
as in the previous case, and the product was boiled with 2?^-alkali 
for a short time. The free base melted below the liquid and hardened 
on cooling; after being washed and dried, it was crystallised from 
ethyl acetate, and then from alcohol, being thus obtained in short 
prisms, m. p. 135° (sintering). 

The acetyl derivative was obtained in minute crystals sintering 
at 77°. 

l-o-Toluidino-3-methylbenzthiazole Hexabromide (V).—Di-o-tolyl¬ 
thiocarbamide (1 g.) was brominated as in the previous case, and the 
solution, after being heated under reflux for 3 minutes, was cooled; 
the fine, red needles of the hexabromide which separated on scratch¬ 
ing were dried in a vacuum over potassium hydroxide. They lost 
bromine at 60° and melted to a clear red liquid at 76—78° (Found : 
Br, 66*4. C 16 H 14 N 2 Br 6 S requires Br, 65*5%). 

The iribromide was obtained by exposing 5 g. of the red bromide 
to the air as in the previous case. After recrystallisation from 
chloroform it was obtained in small, yellow, glistening prisms, 
m. p. 250° (decomp.), becoming orange at 205° and red-brown at 
240° [Found: Br, 48*7. (C 15 H 14 N 2 Br 3 S) 2 requires Br, 48*6%]. 

DihromO'l’O-toluidino-Z-methylbenzthiazole. —When boiled with 
alcohol, either bromide dissolved; thereafter colourless crystals of 
the hydrobromide of the dibromo-substitution product suddenly 
separated. These, recrystallised from glacial acetic acid and washed 
with ether, were obtained in lustrous prisms, m. p, 280° (decomp.) 
(Found : Br, 48*0. C 15 H 12 N 2 Br 2 S,HBr requires Br, 48*7%). The 
hydrobromide was digested with warm 2A r -sodium hydroxide, and 
the free base was recrystallised from glacial acetic acid and washed 
with ether; tufts of shining needles, m. p. 205°, were obtained, which, 
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however, retained an appreciable quantity of acetic acid (Found : 
Br, 32*9%). They were digested with warm alcohol; the base was 
then obtained in small prisms having the same m. p. as before 
(Found : Br, 39*3. C 15 H 12 N 2 Br 2 S requires Br, 38-9%). 

1 --p-Toluidino-5-methylbenzthiazole (IV).—Di-^-tolylthiocarbamide 
(10 g.) was brominated as in the previous case. The red needl©3 of 
the tetrabromide were dried in a vacuum and reduced. The free 
base crystallised from ethyl acetate in hair-like crystals, m. p. 162°. 

The acetyl derivative was obtained in spherical aggregates of 
needles, m. p. 158°. The tetrabromide , prepared as in the previous 
case, sintered at 130°, softened at 140°, and melted to a clear red 
liquid at 145° (Found: Br, 54-9. C 15 H 14 N 2 Br 4 S requires Br, 
55-6%). The tribromide, obtained by exposing the tetrabromide to 
the air for some days, crystallised from chloroform in slender, orange 
needles softening at 145°; m. p. 148° (decomp.) [Found: Br, 49*2. 
(C 15 H 14 N 2 Br 3 S) 2 requires Br, 48-6%]. 

Dibromo-l-y4oluidino-5-methylbenzthiazole. —The tribromide was 
dissolved in boiling alcohol, and the solution concentrated; on 
scratching and cooling, the hydrobromide separated. After recrystal¬ 
lisation from glacial acetic acid it was obtained in small crystals 
turning yellow at 220°, pale brown at 240°, and melting at 256—258° 
(Found: Br, 47*8. C 15 H 13 N 2 Br 3 S requires Br, 48*7%). It was 
treated with warm dilute alkali, and the free base recrystallised from 
glacial acetic acid and washed with ether, when pale cream crystals 
were obtained, m. p. 159—160°. They retained an appreciable 
quantity of solvent as in the case of the o-compound (Found : 
Br, 36*6. C 15 H 12 N 2 Br 2 S requires Br, 38*9%). 

l-m-Toluidino-m4oluthiazole. —Di-m-tolylthiocarbamide (4 g.) was 
dissolved in 40 c.c. of chloroform and brominated with 6 c.c. of 
bromine diluted with an equal volume of chloroform; heat and 
hydrogen bromide were evolved and the red bromide was crystalline. 
The product was dried in a vacuum and reduced by sulphurous acid 
and sulphur dioxide in the usual way. The base crystallised from 
ethyl acetate in small, stout, colourless crystals, m. p. 184—186° 
(Found : S, 11*7. C 15 H 14 N 2 S requires S, 12*6%). 

l-m«Tolmdino-m4oluthiazole Hexabromide Hydrobromide ,—Di-m- 
tolylthiocarbamide (1 g.) was dissolved in chloroform and brominated 
with 1 c.c. of bromine, the solution was refluxed for 3 minutes and 
allowed to cool slowly in a hot water-bath; the small, four-sided, red 
tablets which separated were dried in a vacuum over potassium 
hydroxide. They crumbled to a semi-crystalline, dark mass at 
110°, became orange and crystalline at 187°, pale yellow at 197°, 
and were unmelted above 200° (Found : Br, 69*1. 
requires Br, 68*9%). 
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1-m-Toluidino-m-toluthiazole Tribromide Hydrobromide ,—The red 
bromide was exposed to the atmosphere for some days, and the 
orange-yellow crystalline residue refluxed with chloroform, in which 
it was very sparingly soluble. The product consisted of small, 
yellow crystals of the usual type which softened at 136° and sintered 
at 190° [Found : Br, 56*3. (C 15 H 15 N 2 Br 4 S) 2 requires Br, 55*6%]. 

The bromide was reduced in the usual way by sulphurous acid 
and showed the usual stability to air, etc. 

In conclusion, the author desires to express his gratitude to Prof. 
J. F. Thorpe, F.R.S., for the kind interest he has taken in the 
progress of these experiments. 

Imperial College of Science and Technology, 

London, S.W. 7. [Received, April 25th, 1925.} 


CCLXXV .—The AminoA-Pyridones. 

By William Hatjghton Crowe. 

A comparison of the reactions of the pyridones with those of the 
aromatic phenols is of considerable interest, and in connexion with 
the formation of nitro-derivatives and their subsequent reduction 
it has already been shown that 4 : 6-dimethyl-2-pyridone (Collie 
and Tickle, J., 1898, 73, 229) and lutidone (Collie and Hall, J., 
1898, 73, 237) exhibit a formal resemblance to the corresponding 
xylenols. The simplest pyridones are not very readily accessible 
and this circumstance no doubt accounts for the fact that their 
substitution products have not been closely studied. A mono- 
nitro-4-pyridone, m. p. 279°, and a dinitro-4-pyridone have now 
been obtained and reduced; the former by tin and hydrochloric 
acid to an amino-4-pyridone, and the latter by ammonium sulphide 
to an aminonitro-4-pyridone. Whilst the work was in progress 
Koenigs and Freter (Ber., 1924, 57, 1187) published an account of 
the nitration of 4-pyridone, but it appears that they did not isolate 
the nitro-derivatives in a pure condition. Thus they state that 
the monomtro-derivative has m. p. 269—270° and that the yellow 
dinitro-eompound crystallises with 1H 2 0. 

Experimental. 

Z-Nitro-i-pyridone .—A mixture of 4-pyridone, fuming nitric 
acid, and concentrated sulphuric acid was heated on the water-bath 
for 2 days, poured into water, the acid nearly neutralised with solid 
sodium carbonate, the solution evaporated to dryness, and the 
residue extracted with alcohol. The product crystallised from hot 
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water in yellow needles, m. p. 279° (Found: C, 43-0; H, 3*9; 
N, 20*2. C 5 H 4 0 3 N 2 requires C, 42*9; H, 2*9; N, 20*0%). A 
concentrated solution gave a lemon-yellow precipitate of the 
sodium salt on treatment with sodium hydroxide. 

Z-AminoA-pyridone .—Reduction of the nitro-compound with 
tin and hydrochloric acid proceeded very violently. The solution 
was diluted with water, the tin removed as sulphide, and the 
filtrate evaporated on the water-bath; the crystals of the hydro - 
chloride thus obtained were dried in a vacuum over sulphuric 
acid (Found: Cl, 22*0. C 5 H 6 0N 2 ,HC1,H 2 0 requires Cl, 21*6%). The 
chloroplatinate was obtained by treating a concentrated solution 
of the hydrochloride with platinic chloride and crystallised from hot 
concentrated hydrochloric acid [Found : C, 18*3; H, 2*5; Pt, 30*1. 
(C 5 H 6 0N 2 ) 2 ,H 2 PtCl 6 ,H 2 0 requires C, 18*5; H, 2-5; Pt, 30*1%]. 

3 : 5-DinitroA-pyridone. —A mixture of 4-pyridone (2 g.), fuming 
nitric acid (7 c.c.), and concentrated sulphuric acid (13 c.c.) was 
heated at 140° for about 8 hours and poured into cold water, when 
3 : 5-dinitroA-pyridone was obtained as a faintly yellow, crystalline 
precipitate. It crystallised from 50% acetic acid in long, colourless 
needles (Found: N, 22*9. C s H 3 0 5 N 3 requires N, 22*7%). A 
solution in alcohol and acetone gave with sodium ethoxide a 
brilliant yellow precipitate of the sodium salt. 

Z-Nitro-5-aminoA-pyridone* —The dinitropyridone was boiled 
under reflux with the calculated quantity of ammonium sulphide 
in alcohol, the solid filtered off, and extracted with hot strong 
hydrochloric acid. On cooling, the hydrochloride crystallised in 
needles, which were recrystallised from concentrated hydrochloric 
acid with the addition of animal charcoal (Found : C, 31*7; H, 3*5; 
N, 22*1; Cl, 18*3. CgH^OgN^HOl requires 0, 31*4; H, 3*7; 
N, 21*9; Cl, 18*5%). The substance gave yellow solutions, and 
turned orange in the air, due to loss of hydrogen chloride and 
formation of the free base. 

The author wishes to express his indebtedness to Professor J, N. 
Collie, F.R.S., for his valuable help and advice during the research, 
and also to the Department of Scientific and Industrial Research 
for a grant which made the work possible. 

The Ralph Foster Laboratory or Organic Chemistry, 

University College, London. [Received, April IZth, 1925.] 
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CCLXXVL —Researches on Residual Affinity and Co¬ 
ordination. Part XXV . A Quadridentate Group 
Contributing Four Associating Units to Metallic 
Complexes. 

By Gilbert T. Morgan and J. D. Main Smith. 


Fundamental advances were made in the experimental verification 
of the co-ordination theory when Werner showed that certain 
compounds and compound radicals were capable of furnishing 
two associating units to the co-ordination complex surrounding a 
metallic atom, for by means of such complexes he was able to 
identify the three-dimensional structure of many co-ordination 
compounds. Of chemical substances contributing two associating 
units the following may be cited : ethylenediamine, aa-dipyridyl, 
dimethyldithiolethylene, and tetramminodihydroxyeobaltic bromide, 
(NH 3 ) 4 Co(OH) 2 Br, the last of these being noteworthy owing to its 
completely inorganic character. There are also numerous complex 
radicals which function as two associating units : the carbonato-, 
malonato-, and oxalato-groups and the monoenolic radicals of 
acetylacetone and its homologues, R*CO-CHIC(OH)R', R and R' 
being alkyl or aryl groups. To these compounds and compound 
radicals capable of occupying two positions in the co-ordination 
complex the generic name of chelate groups has been given 
(J., 1920, 117, 1457) because their tenacious grip of the implicated 
metallic atom leads to the formation of remarkably stable co¬ 
ordination complexes. 

Werner also identified groups capable of treble attachment to 
metallic atoms, such tridentate residues containing three fused 
chelate groups. The tridentate groups recognised by Werner 
already contained, however, one metallic atom, so that on associ¬ 
ation of these tridentate groups with the co-ordinating nuclear 
atoms the complexes became binuclear, as, for instance, in the case 
of triamminocobaltic hydroxide, (NH 3 ) 3 Co(OH) 3 , identified in the 
complex cation of the salt in which the three hydroxyl groups 


OH 

(NH 3 ) 3 Co OH Co(NH 3 ) 3 
OH 



contribute simultaneously three units to the co-ordination numbers 
of each of two cobalt atoms. 

Recently Pope and Mann have proved that aPy-triaminopropane, 
NH^CHg-CHfNHg) •CH 2 *NH 2 , is capable of treble attachment to 
metallic atoms. Two molecular proportions of this triacidic base 
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(tp) occupy six co-ordination positions round cobalt and rhodium 
atoms, forming the complex cations [Co tp 2 ]'" and [Rh tp 2 ]'". 
This demonstration constitutes the first example of a tridentate non- 
metallic group in complexes containing a single nuclear atom 
(Compt. rend ., 1924, 178, 2085; Proc. Roy. Soc., 1925, 107, 80). 

We have now succeeded in identifying a group capable of quad¬ 
ruple attachment to metallic atoms, this being the first known case 
of a quadridentate group in co-ordination complexes. This quad- 
ridentate group is furnished by the bivalent radical of ethylenedi - 
aminobisacetylacetone, C^H^OgN^ a compound first prepared by 
Combes (Compt. rend., 1889,108,1252) on condensing two molecules 
of acetylacetone with one molecule of ethylenediamine with elimin¬ 
ation of two mols. of water. Combes showed that this product is a 
dienolic diketone, 

ch 3 -c(oh):cH’C(ch 3 ):n*ch 2 *ch 2 -n:c(ch3)-ch:c(oh)'CH 3 , 

yielding a violet cupric salt containing one atomic proportion of 
copper to one molecular proportion of the dienolic radical. 

In attempting to prepare an additive co-ordination compound of 
cupric acetylacetone and ethylenediamine we obtained accidentally 
the green monohydrate of Combes’s violet salt, copper ethylenedi- 
aminobisacetylacetone, which separated from the indigo-blue solution 
of copper acetylacetone in ethylenediamine hydrate. This observ¬ 
ation led to other experiments on Combes’s ethylenediaminobis- 
acetylacetone and particularly to the preparation of its cobaltous 
salt,* a non-ionised complex which proved to be dihydrated, and, 


r u/° i 


(H 2 0) 2 co*r N | 

-C 12 H 18 

l . xv 



as the co-ordination number of bivalent cobalt is usually six, this 
composition suggested that the organic group might occupy four 
of the six co-ordination positions. Since, however, the co-ordin¬ 
ation number of tervalent cobalt is invariably six, the oxidation of 
this cobaltous salt in the presence of ammonia should, on the fore¬ 
going supposition, lead to a cobaltammine containing two of ammonia 
and one molecular proportion of the supposed quadridentate group 
per cobaltic atom with a single univalent acidic ion outside the 
complex. 

On reaction with ammonium chloride, excess of ammonia, and 
hydrogen peroxide, this supposition was verified, for the cobaltous 
salt yielded the anticipated cobaltammine readily and almost 

* The co-ordination compounds of etliylenediaminobisacetylacetone with 
several other bivalent metals have been investigated and will be discussed 
subsequently. 
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quantitatively. The chloride radical present was wholly ionised, 
immediately precipitable with silver nitrate, and yielded the less 
soluble bromide , iodide , chlorate , perchlorate , nitrite , nitrate , and 
d -camphorsulphonate (Eeychler) by double decomposition with the 
sodium or potassium salts of the corresponding acids. 

Excepting the chloride and d-camphorsulphonate, all the salts 
prepared were anhydrous when crystallised from water, thus con¬ 
firming the view that the cobaltic co-ordination number of six is 
made up solely of two ammonia molecules and the organic radical. 
Hence this organic radical, which contributes four to the cobaltic 
co-ordination number, is actually a quadridentate group. 

The univalent complex cobaltammine ion is thus demonstrated 
to have the following chemical constitution: 



Five stereochemical arrangements of the groups present in this co¬ 
ordination complex are, however, possible, depending on the 
positions taken up on the octahedron by the ammonia molecules 
and by the bivalent quadridentate group, C 12 H 18 N 2 0 2 or 

^o*c(ch 3 ):ch-c(CH3):n-ch 2 -ch 2 *n:c(ch ? )*ch:c(ch3)*o-. 

If the two ammonia molecules are in the antipodal transpositions 
(Diagram 1) the quadridentate group must be wrapped equatorially 
round the octahedron. This configuration contains two planes of 
symmetry and the compound is optically inactive and irresolvable. 
If the two ammonia molecules are in contiguous cis-positions, then 
three associating units of the quadridentate group must occupy 
the comers of one triangular face of the octahedron with the fourth 
associating unit overlapping on to an adjacent face, and this arrange¬ 
ment can be made in four different ways, giving rise to four stereo- 
isomeric modifications. None of these four isomerides possesses 
a plane, a centre, or an alternating axis of symmetry and hence they 
are all optically active. Two of them are mirror images of the other 
two and the four isomerides comprise two enantiomorphous pairs. 

Conclusive evidence has now been obtained that the product 
actually isolated contains two racemoid modifications which have 
been resolved into optically active forms by d- camphorsulphonic 
(Beychler) acid, and that all these active forms on keeping are 
spontaneously transformed into the single inactive and irresolvable 
form. The lack of optical activity in the last indicates that it is 
the &m$-form (Diagram 1), in which the pair of ammonia molecules 
is in the ira^s-octahedral position. The active form with the low 
optical activity is in all probability the cis4rans-iotm (Diagram 2), 
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in which only the dyad axis of symmetry of the trans-form is 
retained, the pair of ammonia molecules here being in the ex¬ 
position while the pair of oxygen atoms is retained in the trans¬ 
position. The active form with the very high activity may thus 
be regarded as the cX-form (Diagram 3), in which none of the 
elements of symmetry is retained, the pair of oxygen atoms as well 
as the pair of ammonia molecules being in cX-positions. 
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It has not been possible, however, to confirm these structures 
by chemical means, for the compounds are not decomposed by hot 
concentrated hydrochloric or hydrobromie acid to yield either the 
cis (violeo)- or trana (praseo)-chchlorodiamminoethylenediammino- 
oobaltic halides which could be identified by their respective violet 
and green colours. 

Whatever be the exact chemical structure of the organic group 
in the complex, the evidence is conclusive that it is a quadridentate 
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group and moreover that it can be arranged spatially round the co¬ 
ordination sphere so as to yield the cis - and tfra^-configurations with 
respect to the ammonia molecules (Diagrams 1, 2 and 3). The 
tricyclic system of the three chelate components of the quadridentate 
group associated with the octahedral cobalt atom is shown in plan 
in Diagram 4; two of the rings are six-membered and one is five- 
membered. 


? H 3 

HC< C °W° 
x n= 

ch 3 \ / 

3 ch 2 -ch 2 


^CH {Diagram 4.) 


Experimental. 

C 2 H 4 (NIC-CH 3 *CH*CO*CH 3 ) 2 = ec (ethylenediaminobisacetyl- 
acetone). 

Diaquocobaltous Mhylenediaminobisacetylacetone , [(H 2 0) 2 ec Co] 

(Formula I).—Hexa-aquocobaltous chloride (4*8 g. = 1 mol.) was 
dissolved in hot water (20 c.c.), and ethylenediaminobisacetylacetone 
(4*5 g. = 1 mol.) and 5N -sodium hydroxide (8 c.c. = 2 mols.) added, 
forming a green paste. On boiling, the mixture turned brownish- 
yellow and a reddish-orange, crystalline precipitate separated. 
After washing with water and air-drying, bright orange-red prisms 
were obtained in yield varying from 85 to 45%, the higher yields 
being obtained with exclusion of air during the reaction (Found : 
Co, 18-7. C 12 H 22 0 4 N 2 Co requires Co, 18*6%). The compound 

was insoluble in water and readily dissolved in most organic solv¬ 
ents to orange solutions which darkened in air owing to oxidation. 
It readily dissolved in dilute mineral acids with complete decomposi¬ 
tion into acetylacetone and cobaltous and ethylenediamine salts. 

Diamminoethylenediaminobisacetylacetonocobaltic Chloride Di¬ 
hydrate, [(NH 3 ) 2 Coec]Cl(H 2 0) 2 .—This salt was readily obtained 
in 83% yield on oxidation of the foregoing cobaltous salt by the 
calculated amount of biV'-hydrogen peroxide in the presence of excess 
of 18iV-ammonia and ammonium chloride. The salt separated 
from the cooled mixture in pale fawn needles which were recrystal¬ 
lised from hot water, washed with alcohol, and air dried [Found: 
Co, 15*2; N (as NH S ), 7*35; H 2 0, 8*1. C 12 H 28 0 4 N 4 C1 Co requires 
Co, 15*3; N (as NH 3 ), 7*25; 2H 2 0, 9*3%). 

This feebly coloured cobaltic salt was moderately soluble in water 
to a brownish-red, neutral solution, from which silver nitrate solu¬ 
tion immediately precipitated silver chloride. Concentrated 
solutions of the appropriate sodium or potassium salts precipitated 
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the bromide, iodide, nitrite, nitrate, chlorate, perchlorate, and 
d-camphorsulphonate of the complex base from concentrated solu¬ 
tions of the chloride. The chloride dissolved in boiling concen¬ 
trated hydrochloric or hydrobromic acid solutions, but was not 
decomposed. It dissolved in boiling caustic soda solution, evolving 
ammonia and forming a clear reddish-brown solution which appeared 
to contain the complex diaquo-base. TJie chloride was quite 
insoluble in all organic solvents. 

The following salts were prepared in quantitative yield by precipi¬ 
tation from concentrated solutions of the chloride by concentrated 
solutions of the appropriate alkali salt. All except the d-camphor- 
sulphonate (Reychler) were very sparingly soluble in water and were 
precipitated as fine, yellowish-brown needles, which were washed 
with water and alcohol and air-dried. The eamphorsulphonate, 
which is moderately soluble in water and in moist alcohol, was 
recrystallised from water and washed with acetone and ether and 
air-dried. 

Bromide , [(NH 3 ) 2 ec Co]Br. Pound : Co, 14*7; H 2 0 at 100°, 
nil. C 12 H 24 0 2 N 4 BrCo requires Co, 14*9%. 

Iodide , [(NH 3 ) 2 ec Co]I. Pound: Co, 13*4; N (as NH 3 ), 6*4; 
H 2 0 at 100°, nil. CjaH^OaN^Co requires Co, 13*4; N (as NH 8 ), 
6*3%. 

Nitrite, [(NH 3 ) 2 ecCo]NO g . Found: Co, 16*2; N (as NH S ), 
7*8; N (as N0 2 ), 4-0; organic N, 7*6; C, 39-7; H, 6-6; H 2 0 at 100°, 
nil. C 12 H 24 0 4 N 5 Co requires Co, 16-3; N (as NH 3 ), 7*8; N (as NO a ), 
3*9; organic N, 7*8; 0,39*9; H, 6*65%. 

Nitrate, [(NH 3 ) 2 ec 0o]NO 3 . Found : Co, 15*7; H a O at 100°, 
nil. ' C 12 H, 4 0 5 N 5 Co requires Co, 16*7%). 

Chlorate" [(NH s ) a ec Co]C10 3 . Found: Co, 14*8; H 2 0 at 100°, 
nil. C 12 H 24 0 5 N 4 C1 Co requires Co, 14*8%. 

Perchlorate , [(NH 3 ) 2 ec Co]C10 4 . Found : Oo, 14*2; H 2 0 at 100°, 
nil. C^H^OgNjClCo requires Co, 14*2%. 

d ■Camphorsulphonate, [(NH 8 ) 2 ec Co]C 10 H 15 O 4 S,H 2 O. Found : 
Co, 10*6; H 2 0 at 100°, 3*1. C 22 H 41 0 7 N 4 SCo requires Co, 10*6; 
H 2 0, 3*2%. 

Resolution of the Racemoid Mixture. —Aqueous solutions of the 
salts were transparent only in the darker red of the spectrum, and 
the light of the lithium line 6708 A. (10~ 8 cm.) was used throughout 
the polarimetric measurements. Owing to the intensity of colour, 
solutions stronger than about 1% of the camphorsulphonates and 
0*5% of the bromides in 0-5-dom. tubes could not be used. 

cis-dextro-lbwmde.—On mixing saturated solutions of the corn- 
plex chloride and the sodium salt of d-camphorsulphonic (Reychler) 
acid, fine, pale fawn needles of the d-camphorsulphonate separated, 
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isolated in six: crops, which were washed with acetone and ether 
and air-dried. The first crop was found to be strongly dextro¬ 
rotatory. The second crop was redissolved in water and decom¬ 
posed with a solution of potassium bromide, the complex bromide 
immediately separating in fine, fawn needles, which were washed with 
alcohol and ether and air-dried (Found : Co, 14*7%). This bromide 
was indistinguishable in appearance and general properties from the 
racemoid bromide, but was strongly dextrorotatory, [a] Li — -f- 
452°, [if] = + 1784°. Owing to the evanescent nature of this 
optical activity it was very fortunate that the specimens were 
submitted to independent observers.* 

cis-tmns-dextTO-dextvo-Camphorsulphonate .—The third crop from 
the above resolution had [a] Li = + 36°, [if] = + 202*0°, and 
deducting + 51*7° for the d-camphorsulphonate ion, [if] = + 
150*3° for the cobaltic ion (Found : Co, 19*6%). Subsequent crops 
possessed successively diminishing activities. Recrystallisation of 
the crops failed to raise the activity for the cobaltic ion above 
[M] — -f 150°, and the most soluble crops invariably had a strong 
lsevorotation. The highest lsevorotation ever observed was [if] 
= -—108° for the cobaltic ion. 

cis-trans - dextr o -Bromide .—The corresponding cis-trcms-d-d- 
camphorsulphonate was decomposed with potassium bromide solu¬ 
tion, and the bromide isolated as in the case of the as-bromide 
(Found : Co, 14*8%). [a] Li = + 40°, [M] = + 158°. This cis - 
tfnms-bromide alone was invariably obtained after the first prepar¬ 
ation, and was indistinguishable, except for optical activity, from 
the racemoid bromide. 

Inactive {or trans) Bromide .—The foregoing optically active salts, 
on keeping a few days, were found to be completely inactive, the 
camphorsulphonates having only the activity due to the eamphor- 
sulphonate ion, and being irresolvable. Once these inactive salts 
had been identified, it was found impossible to prepare active salts 
again. Numerous preparations were performed at ordinary and 
low temperatures, in sunlight and in darkness, and even in new 
apparatus in a different building, but optically active salts were 
never again obtainable. A specimen of the first preparation, 
which had originally yielded t both the cis - and the cis-trans- 
bromides, was found to be quite irresolvable after 10 days. We 

* A specimen of the racemoid bromide (S. 2) and of the cis-bromide (S. I) 
was submitted to Mr. C. E. Wood for polarimetric examination without 
informing him which or if either of the specimens was optically active. His 
report is as follows s S. 1.—Weight, 0*0664 g., dissolved in 12*5 c.c. of water 
and examined in 0*5-dcm. tube with light of lithium line 6708 A., [a]xa = 
+531°, [M] + 2097*4°. S. 2.—Weight, 0*0666 g., dissolved in 12*5 c.c. 

of water and examined in 0*6 dcm. tube—inactive.—C. E. W. 
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are unable to assign the precise cause of the inability to obtain active 
salts after the first ten or so preparations, but it is worthy of remark 
that active salts could not be obtained after the inactive salts had 
been brought into existence, pointing to the probability that the 
result is due to infection. This possibility is not wholly ruled out 
by preparation in new apparatus in a different building, because the 
inactive salt may have been a partial product only in later prepara¬ 
tions and the active salts simultaneously formed thus infected at 
the moment of coming into existence. Found for the inactive 
bromide : Co, 14*8%. The inactive bromide was indistinguishable 
in appearance and general properties from the racemoid and active 
bromides. 

The authors desire to express their thanks to the Advisory Council 
of the Department of Scientific and Industrial Research for grants 
which have helped to defray the expense of this investigation. 

University of Birmingham, 

Edgbaston. [Received, July mh, 1925.] 


CCLXXVII .—The Synthesis and Reactions of I -Aniline- 
cyolopentane-l-carboxylic Acid. 

By Sydney Glenn Preston Plant and John Ernest Faoer. 

During the investigations of the derivatives of tetrahydrocarbazole 
(Perkin and Plant, J., 1921, 119, 1825; 1923, 123, 676) a substance 
(m. p. 113°) was isolated which appeared to be ^-indoxyl spirocyclo- 
pentane (I). Bucherer and Grol6e (Per., 1906, 39, 986) have pre¬ 
pared a-anilinowbutyric acid (see also Tiemann, JBer., 1882, 15, 
2039; Bischoff and Mintz, Ber,, 1892, 25, 2326) by the hydrolysis 
of the nitrile obtained from the condensation of aniline with acetone 
cyanohydrin, and found that it could be made to give very small 
quantities of 2 : 2-dimethyl-^-indoxyl (II) on fusion with a mixture 
of sodium ethoxide and potassium hydroxide. A similar series of 
reactions, starting from aniline and cycZopentanone cyanohydrin, 
ought to yield ^-indoxyl^irocycZopentane and so establish definitely 
the constitution of this product, from which several derivatives have 
been obtained (see also Sidgwick and Plant, this vol., p. 209). 
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We have now prepared 1 -anilino-l-cyanocyclopentane (III) in 
this way and converted it into the corresponding amide , which can 
then he hydrolysed to 1 -anilimcjclopentane -1 -carboxylic acid (IV). 
This acid is comparatively unstable and when headed above its 
melting point loses aniline and water, a substance (m. p. 142°) 
being formed which appears to be the lactone of 1 - 1 ' -hydroxyvyoio- 
pentane-1'-carboxylylanilinocycloypentane-l-carboxylic acid (V). This 
compound is slowly dissolved by a cold solution of sodium hydroxide 
and is slowly reprecipitated by hydrochloric acid. It is unchanged 
by aniline at 170° or by dry ammonia at 220° and is not basic, so 
that the structure (VI) seems to be impossible. BischofE and Mintz 
( toe . cit.) found that the acid which they regard as (3-anilinoisobutyric 
acid breaks down in a similar way on heating. 


;H 2 -CH 2 ^ p ^C 0 2 H CH 2 -CH 2 \ p ^CO— 

!H 2 -CH 2 ISTHPh CH 2 -CH 2 NPh-CQ CH 2 -CEU 

(IV.) (V.) 


ch 2 -ch 2 co-o-co 

CH 2 -CH 2 ^^NPh- 


ch 2 . 9 h 


2 

2 


(VI.) 


Fusion of 1-anilinocycZopentane-l-carboxylic acid with a mixture 
of sodium ethoxide and potassium hydroxide gave no ^-indoxyl- 
spirocyclopent&ne, but considerable quantities of carbazole were 
isolated. Many different methods have been investigated for the 
purpose of eliminating water from the acid at a lower temperature, 
but without success. The acetyl derivative of 1 -anilinocycZopentane- 
1-carboxylic acid has also been prepared, but this resisted all efforts 
made to convert it into 6 - acetyl- ^-indoxylspirocycZopentane. 

Experimental. 


1-Anilino-l-cyanocyclopentane. —The bisulphite compound (104 g.) 
of cs/cZopentanone was added to water (300 c.c.) and treated with 
potassium cyanide (38 g,). The cycZopentanone cyanohydrin was 
extracted with benzene, the solution washed with water and dried 
over calcium chloride. After the addition of aniline (50 g.), the 
mixture was boiled for 12 hours and then extracted with half its 
volume of dilute hydrochloric acid, washed with water, and the 
solvent removed under diminished pressure. The residue was dis¬ 
solved m hot petroleum (b. p. 60—80°) and crude \-anil%no-\- 
cyarioojelopeTiiane separated, on cooling, as an oil which soon 
solidified. It was recrystallised from a small quantity of alcohol 
and obtained in colourless prisms, m. p. 58° (Found: C, 77*5; 
H, 7*5; N, 150. C 12 H 14 N 2 requires C, 77*5; H, 7*5; ST, 15*0%). 
It decomposes on distillation with the formation of some aniline. 

A solution of 1 -anilino-1 -cyanocycZopentane in cold sulphuric acid 
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was kept for 2 days and then poured on to ice. On making alkaline 
with ammonia, the amide of 1 -anilinocyGlopentane-l-carboxylic 
acid was precipitated in a pure condition. It separates from alcohol 
in colourless plates, m. p. 161° (Found : N, 13-5. C^H^ONg, 
requires N, 13*7%). The nitrosoamine, precipitated on addition 
of sodium nitrite to a solution of the amide in dilute sulphuric acid, 
separates from alcohol in practically colourless prisms, m. p. 122 0, 
(Found : N, 18*0. C 12 H 15 0 2 N 3 requires 1ST, 18*0%). 

1 -Anilinocyclopentane -1 -carboxylic Acid .—The amide of the acid 
was dissolved in cold, concentrated hydrochloric acid and almost 
immediately a precipitate of the hydrochloride separated. The 
mixture was carefully evaporated to dryness and the residue treated 
with sodium hydroxide solution till alkaline. After boiling for a 
short time, the whole was filtered while still hot, and the filtrate 
acidified with acetic acid, when 1 -anilinocyclopentane-l-carboxylic 
acid separated as a colourless solid. It crystallised from xylene in 
colourless prisms, m. p. 162° (Found : N, 6-9. C 12 H 15 0 2 N requires 
N, 6-8%). 

1 - Amlinoc^cfopentane-1 -carboxylic acid is soluble in both acids 
and alkalis and gives a nitrosoamine which can be recrystallised from 
dilute alcohol and obtained in colourless plates, m. p. 124° (decomp.) 
(Found ; N, 12*2, C 12 H 14 0 3 N 2 requires N, 12*0%). 

1 -AnilinocycZopentane-1 -carboxylic acid, on heating at 230° in 
a small distillation flask, decomposes and a mixture of aniline and 
water can be collected. The residue solidifies on cooling, and can 
be purified by warming first with dilute hydrochloric acid and then 
with dilute sodium carbonate solution. On recrystallisation from 
petroleum, the lactone of lA^hydrozyycyclopentaneA'~<wrboxylyl~ 
anilinocyclopentane -1 -carboxylic acid separates in clusters of colour¬ 
less prisms, m. p. 142° (Found : C,72*3; H, 7*3; N, 4*7. C 18 H 21 0 3 N 
requires 0, 72*2; H, 7*0 ; N, 4*7%). 

An intimate mixture of 1 -anilinoc^cfopentaned-carboxylic acid 
(16 g,), sodium ethoxide (48 g.), and potassium hydroxide (40 g.) 
was gradually heated from 270° to 320° and maintained there for 
15 minutes. After cooling, the product was pulverised and added 
to much water. The undissolved solid was collected, dried, and 
distilled. The colourless distillate (3 g.), which solidified, crystallised 
from alcohol in colourless plates, m. p. 238°, of earbazole, identified 
by analysis (Found: N, 8*5. Calc., N, 8*4%), a mixed melting 
point determination, and preparation of the picrate, which separated 
from alcohol in bright red needles, m. p. 184 p (compare Schmidt 
and Schall, Ber., 1907, 40, 3230). 

A solution of 1-anilinocj/cZopentane-l-carboxylic acid (4 g>) in 
dry benzene (60 c.c.) was boiled with acetic anhydride (6 c.c/) for 
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7 hours, the benzene removed under reduced pressure, and the 
residue treated with acetone-petroleum. l-Acetylanilinocyclo- 
pentane-l-carboxylic acid crystallises from acetone in colourless 
prisms, m. p. 195° (Found : N, 5*7. C 14 H 17 0 3 N requires N, 5*7%). 

One of us (S. G. P. P.) wishes gratefully to acknowledge the receipt 
of a grant from the Chemical Society Research Fund which has 
defrayed a part of the cost of this investigation. 

The Dyson Perkins Laboratory, 

Oxford. [Received, June ZQth , 1925.] 


CCLXXVIXL— The Action of Nitrogen Dioxide on 
Anthracene Derivatives, 

By Edward de Barry Barnett. 

Meisenheumer ( Annalen , 1902, 323, 205; 1904, 330, 133) has 
shown that treatment of anthracene and of 9-nitroanthracene 
with nitrogen dioxide leads to the addition of nitro-groups to the 
“ bridge 55 bond with production of dinitro- and trinitro-dihydro- 
anthracene. The action of alkali on these compounds leads to 
loss of 1 mol. of nitrous acid with re-establishment of the “ bridge,” 
but for this purpose pyridine is much more satisfactory and leads 
to purer products owing to its having no tendency to rearrange 
the resulting nitro-compound into an oxime (compare Barnett, 
Cook, and Grainger, J., 1922, 121, 2065). The facile addition of 
nitro-groups appears to be common to all anthracene derivatives 
in which the “ bridge ” is intact, and in this way the “ bridge ” 
exhibits very close analogy to an ethylenic bond (compare Wieland, 
Annalen, 1922, 421, 2065). The resulting compounds should, in 
the majority of cases, be capable of existing in cis- and trans- forms, 
and as evidence has recently been obtained (Barnett and Matthews, 
Bee, trav , chim., 1924, 43, 534; Barnett, Cook, and Matthews, 
ibid., 1925, 44, 217, 728, 818) that the geometrical configuration 
and the stability of compounds formed by addition to the “ bridge ” 
are profoundly influenced by the presence of other substituents in 
the molecule, the action of nitrogen dioxide on several anthracene 
derivatives has been examined, with the following results. 

(i) Neither meso- nor Rz.-substituents have any appreciable 
influence on the ease with which addition to the “ bridge ” takes 
place, 9 :10-dibromoanthracene, for example, reacting with nitrogen 
dioxide almost as easily as anthracene itself. 

(ii) I&.-Substituents do not increase the stability of the com¬ 
pounds formed by the addition of nitro-groups to the “bridge,” 
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whereas in the case of the addition of halogen atoms, the presence 
of chlorine atoms in a-positions results in an enormous increase in 
stability (Barnett and co-workers, loc. cit.). 

(iii) Jfs.-Substituents appear to decrease the stability of the 
9 :10- dini tro-9 : 10-dihydroanthracenes. 

(iv) Any compound of the general formula I will undergo re¬ 
establishment of the “ bridge ” with great ease on treatment with 
pyridine. 

x—c— no 2 x—c—no, 

(I.) C 6 H 4 < >c 6 h 4 c 6 h 4 < >c 6 h 4 (II.) 

H-C—N0 2 X—c—N0 2 

If X is a hydrogen atom, this re-establishment is brought about 
by loss of nitrous acid and formation of a derivative of 9-nitro- 
anthracene. If X is a nitro-group, loss of nitrous acid and form¬ 
ation of a derivative of 9 ; 10-dinitroanthracene take place. If X 
is a halogen atom, loss of halogen acid takes place. This last 
point is interesting, as Schaarschmidt (Ber., 1924, 57, 2065; 1925, 
58, 499) has shown that the action of nitrogen dioxide on halogen 
benzenes, with or without the addition of aluminium chloride, 
leads to the production of nitrohalogen benzenes, the ^-isomeride 
predominating, often almost to the complete exclusion of the 
o-isomeride. In Schaarschmidt’s experiments intermediate additive 
compounds were undoubtedly formed (and actually isolated in the 
impure state in combination with aluminium chloride). Since 
these lose nitrous acid rather than halogen acid, their structure 
must be different from that of those additive compounds formed 
by addition to an anthracene “ bridge.” This difference may be 
due to addition having taken place to a double bond (Kekul6 
formula). Alternatively, addition may have taken place to a 
44 bridge 55 (Dewar formula), the different behaviour of the benzene 
and anthracene derivatives lying in their geometrical configuration, 
cis- in the case of anthracene derivatives, tram - in the case of 
benzene derivatives. Owing to the very unstable nature of the 
additive compounds it is extremely difficult to decide which of 
these alternatives is correct. 

(v) Compounds of the general formula II, where X represents 
halogen, are extremely unstable and pass readily at the ordinary 
temperature into 9-nitro-9-halogen anthrone (when X is bromine) 
or into the corresponding anthraquinone (when X is chlorine). 

(vi) When the molecule is unsymmetrical, loss of nitrous acid 
from a derivative formed by the addition of nitrogen dioxide may 
or may not lead to the same nitro-compound as is formed by loss 
of water from the compound (mtrodihydroanthranol) obtained by 
the addition of nitric acid to the “ bridge.” 
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Experimental. 

Nitrogen dioxide generated by heating a mixture of lead nitrate 
and sand was passed into a solution or suspension of the anthracene 
derivative in chloroform, the whole being well cooled in a freezing 
mixture. The increase in weight gave the amount of nitrogen 
dioxide used; except where otherwise stated, it was found best to 
use excess. As a rule the reaction was complete in a few minutes, 
but in all cases the whole was kept in a freezing mixture for an hour 
before working up. The additive compounds were isolated by 
diluting and washing with light petroleum and recrystallising the 
solid, usually from luke-warm chloroform-light petroleum. Owing 
to the unstable nature of the additive compounds, recrystallisation 
is often very troublesome, and it was generally found best not to 
attempt to crystallise more than a gram at a time. The products 
can only be dried in a vacuum desiccator at the ordinary tem¬ 
perature, and they retain solvent very obstinately. They are all 
colourless, crystalline solids. 

9-Nitroanthracene and 9 : 10-dinitroanthracene (m. p. 310°, not 
294° as given in the literature) were prepared very easily by the 
action of cold pyridine and alcohol on the additive compounds 
obtained from anthracene and 9-nitroanthracene respectively. 

1 -Chloroanthracene gave an additive compound, which, owing 
to its slight power of crystallisation, could not be obtained pure. 
The crude substance on treatment with pyridine and alcohol in 
the cold gave l-chloro-9 (or 10)-nitroanthracene (golden-yellow 
needles from alcohol or glacial acetic acid, m. p, 155°) which is 
different from the chloronitro-compound produced by the action 
of pyridine on the additive compound obtained from 1-cbloro- 
anthracene and nitric acid (Barnett and Matthews, Bee . Iran, chim 
1924, 43* 538) (Found : N, 5-4. C 14 H 8 0 2 NC1 requires N, 5*4%). 

2-Chloroanthracene gave an additive compound which could 
only be obtained as a viscous oil. This with pyridine and alcohol 
gave a yellow solid which was obviously a mixture of isomeric 
chloronitro-compounds, but no simple method of separation was 
found. 

1 : 5-Dic&Zoro-9 : 10-dinitro-9 : 1 Q-dihydroanthracene was obtained 
from 1:5-dichloroanthracene. It retains chloroform very obstin¬ 
ately; the sample analysed had been recrystallised, although with 
very heavy loss, from warm acetone (Found : N, 8-0. C 14 H 8 0 4 N 2 C1 2 
requires N, 8-3%). On heating, it turns yellow and tlien melts 
at 156° with violent evolution of gas. With cold pyridine and 
alcoholit passes very readily into 1 : 5-dichloro-9-nitroanthraeene. 

The additive compound from 1: 8-dichloroanthracene could not 
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be obtained free from solvent, and a sample dried for 5 days in 
a vacuum desiccator gave a strong carbylamine reaction (Pound: 
N, 5*7 after 1 day, 5*65 after 5 days. C 14 H 8 0 4 N 2 C1 2 ,1|CHC1 3 
requires N, 5*4%). It melts at 215° with violent evolution of 
gas, after turning yellow at a much lower temperature. On treat¬ 
ment with cold pyridine and alcohol it gave the same 1 : 8-dichloro-9 
(or 10)-nitroanthracene as is obtained by the action of pyridine 
on the additive compound of nitric acid and 1 : 8-dichloroanthracene 
(Barnett and Matthews, loc. cit .). 

9-Bromo-9 : lQ-dinitro-9 : 10-dihydroanthracene .—The quantities 
used were 4 g. of nitrogen dioxide, 10 g. of 9-bromoanthracene, 
and 20 c.c. of chloroform. The solid collected after keeping for 
an hour and identified after recrystallisation as 9 :10-dibromo- 
anthracene was a by-product and was not present in the original 
9-bromoanthracene. The main product, twice recrystallised, 
was colourless; on heating, it turned yellow and then sintered 
at about 115°, but had no definite melting point (Pound: N, 
8*0. C 14 H 9 0 4 N 2 Br requires N, 8*0%). 9 : 10-Dinitroanthracene 
was the sole product obtained by the action of pyridine and alcohol. 

9-Brorw-9-nitroanthrone. —The quantities were 5 g. of nitrogen 
dioxide, 10 g. of 9 : 10-dibromoanthracene, and 25 c.c. of chloro¬ 
form ; the period of keeping was about 2 hours. The product, 
recrystallised twice, formed colourless, silky needles which sintered 
at 116° and agreed in their general properties with the description 
of 9-bromo-9-nitroanthrone given by Meisenheimer (Annalen, 
1904, 330, 181) (Pound: N, 4*45. Calc., N, 4*4%). This com¬ 
pound passes into anthraquinone very easily. The reaction is 
probably. decomposition rather than hydrolysis, as it was com¬ 
pleted in a few minutes when the compound was added to boiling 
benzene which had been dried for several weeks over metallic 
sodium. 

9 :10 -DicMoro-$ : lO-dinitro-9 :10 -dihydroanthracene. —The solid 
obtained from 7 g. of nitrogen dioxide and 12*5 g. of 9 :10-dichloro- 
anthracene in 50 c.c. of chloroform was washed with cold chloro* 
form-light petroleum and then twice recrystallised from chloro¬ 
form. It is extremely unstable and decomposes almost at once 
into anthraquinone on boiling with chloroform, but by working 
with amounts of about 0*5 g., dissolving these in chloroform at 
30°, and at once cooling the solution in a freezing mixture, snow- 
white crystals were obtained. Owing to the rapid decomposition 
which takes place at the ordinary temperature it was found neces¬ 
sary to analyse the product after drying it for an hour in a vacuum 
desiccator over concentrated sulphuric acid (Found: N, 8*0. 
C 14 H 8 0 4 N 2 C1 2 requires N, 8*3%). 
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1:5: 9‘TricJdoro-9 : 10-dinitro-9 :10 - dihydroanthracene. —The pro¬ 
duct from 3 g. of nitrogen dioxide and 7 g. of 1: 5 :9-trichloro- 
anthracene in 15 c.c. of chloroform, after being twice crystallised, 
was a slightly yellow, crystalline powder which on heating decom¬ 
posed with violent evolution of gas at 156° (Found in material 
dried for 3 hours : N, 7*4. C 14 H 9 0 4 N 2 C1 3 requires N, 7-5%). 

1 : 5-Dichloro-9 : IQ-dinitroanthracene was obtained by the action 
of cold pyridine and alcohol on the above trichlorodinitrodihydro- 
anthracene. After being twice recrystallised from pyridine, it 
formed pale yellow needles, m. p. 277° (Found: N, 8*3. C 14 H 6 0 4 N 2 C1 2 
requires N, 8*3%). 

2:3: 9~Tribr(mo-9-nitroanthrone .—Excess of nitrogen dioxide 
was passed into a well-cooled suspension of 10 g. of 2 : 3 :9 :10- 
tetrabromoanthraeene in 50 c.c. of chloroform, and the whole 
kept for 3 hours in a freezing mixture. Unchanged tetrabromo- 
anthracene was removed, the filtrate diluted with light petroleum, 
and the solid which separated washed with light petroleum and 
then twice recrystallised from warm chloroform-light petroleum 
(Found : N, 2*8. C 14 H 6 0 3 NBr 3 requires N, 2*9%). When heated 
with toluene, this product evolves brown fumes 'and passes 
quantitatively into 2 : 3-dibromoanthraquinone. 

The products obtained by the action of nitrogen dioxide on 
anthranyl methyl ether, 9-phenylanthracene or 9-phenylanthranyl 
methyl ether were, not additive compounds, but 9-nitroanthrone, 
9-nitro-X0-phenylanthracene and 9-phenyl-9-hydroxyanthrone re¬ 
spectively, all of which were identified by direct comparison with 
authentic samples. 

Sm John Cass Technical Institute, 

London, E.C. 3. [Received, July Mi, 1925.] 


CCLXXIX .—The Constitution of Indian Kamala. 

Part I. 

By SlKHIBHUSHAK DtJTT. 

Kama j a was first investigated by Anderson, ■who isolated from it 
a crystalline compound, rottlerin, C 1:t H 10 O 3 (Edin. New Phil. J., 
1853, 300). This has been investigated by various chemists, 

including A. and W. Perkin (Ber., 1886, 19, 3109), A. Gr. Perkin 
<J., 1893, 63, 97S), Jawein (Ber., 1887, 20,182), Telle (Arch. Pharm., 
ISOO, 244, 441), Baaetolotti {Gazzetta, 1894, 24, ii, 480). A. G, 
Perkin (J., 1895, 67, 230) obtained from it o- and p-mtroeinnamie 
acids, jp-nitrobenzaldehyde, and p-nitrofoenzoic acid by the action 
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of f umin g nitric acid, and acetic and benzoic acids and phloro- 
glucinol by fusion with potassium hydroxide. The present in¬ 
vestigation was undertaken with a view to elucidate further the 
constitution of the substance. 

Benzene is the most suitable solvent for extracting the colouring 
matter from kamala, as it dissolves very little of the resin. The 
pure colouring matter is best crystallised from toluene. The 
m. p. (206—207°) of the rottlerin isolated by the author is 15° 
higher than that recorded by A. G. Perkin (Telle, loc. cit ., gives 
m. p. 203—204°); the two substances, however, appear to be 
almost identical in chemical properties. 

On treatment with acetic anhydride rottlerin yields a colourless, 
crystalline Jiepta-acetyl derivative melting at 165°; Perkin isolated 
a hexa-acetyl derivative as a yellow, crystalline powder melting 
at 130—135°. Possibly rottlerin contains, in addition to six 
phenolic hydroxyl groups, an alcoholic hydroxyl group which can 
be acetylated only under suitable conditions. In support of this 
view is the fact that only hexamethoxy and hexabenzoyl derivatives 
are obtainable from rottlerin by the action of methyl sulphate and 
benzoyl chloride in presence of dilute sodium hydroxide solution 
—conditions under which an alcoholic hydroxyl group is scarcely 
attacked at all. 

Acetylrottlerin and acetylmethoxyrottlerin form dibromo- 
additive compounds. This indication of the presence of a double 
bond in rottlerin is supported by the fact that the action of fuming 
nitric acid on the substance produces a large quantity of jp-nitro- 
cinnamic acid. 

On fusion with potassium hydroxide rottlerin yields phloro- 
glueinol as the only phenolic compound, and on oxidation with 
permanganate acetyl- and methoxy-rottlerin are converted into 
triacetyl- and trimethyl-phloroglucinoldicarboxylic acids, re¬ 
spectively. These facts indicate that rottlerin contains two 
phloroglucinol residues joined to the parent structure by either 
one or two side chains; if by one side chain, an alkyl subadtuent 
is present in the phloroglucinol nucleus. Moreover, as phthalic 
and terephthalic acids are almost always formed in the oxidation 
of rottlerin, there appear to be two more benzene nuclei in its 
molecule, containing side chains in ortho-positions in the one and 
in para-positions in the other. The two acids, however, may be 
produced by selective elimination of a side chain from the same 
benzene nucleus containing three side chains in the 1:2:4- 
positions. This alternative is the more probable, for the presence 
of five benzene nuclei would account for thirty out of the thirty- 
three carbon atoms in the molecule of rottlerin; there would remain 
voL, cxxvn. 3z 
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only three carbon atoms, two of which must be present in the side 
chain containing the double bond. In all probability, therefore, 
rottlerin contains four benzene nuclei, of which ( 1 ) two must be 
phloroglucinol residues, ( 2 ) one must be in the residue C 6 H 6 *CH:CH*C, 
and ( 3 ) one must be a benzene nucleus containing at least three 
side chains. 

Rottlerin is converted into a ketone, rottlerone, by the action of 
2% sodium carbonate solution (Perkin, loc, cit .}, and therefore 
appears to contain a secondary alcoholic hydroxyl group. 

As Telle (loc, cit.) seems to have isolated the mono-, di-, and tri¬ 
methyl ethers of phloroglucinol from the products of interaction 
of barium hydroxide solution, and of sodium hydroxide and zinc 
dust, and rottlerin, the phenolic hydroxyl groups in this would 
appear to be more or less methylated. The present author, how¬ 
ever, obtained a negative result in the estimation of methoxyl by 
Zeisel’s method. The phenolic portion of the rottlerin molecule 
is completely destroyed by the action of oxidising agents, but 
phenolic derivatives are obtained in large yields by oxidation of 
acetyl- and methoxy-rottlerin, in which the phenolic hydroxyl 
groups are protected from the action of the oxidising agent. 

Prom the ease with which cinnamic acid and dihydrocinnamic 
acid are produced from rottlerin by the action of oxidising and 
reducing agents respectively, it seems that the molecule contains a 
group C 6 H 5 *CH:CH*CO- or C 6 H 5 *CH:CH*C(OH)<. The presence of 
this would account for the formation of benzaldehyde, benzoic 
acid, and their derivatives by the action of various reagents.. 

Experimental. 

Preparation of Rottlerin .—Commercial kamala (150 g.) was 
passed through a 100 -mesh sieve and heated under reflux with 
1200 c.c. of benzene for 8 hours. The solution was filtered at 
once and again after 12 hours and concentrated to about 200 c.c. 
The colouring matter, which separated slowly in large, brownish- 
yellow plates, was washed with alcohol and twice recrystallised 
ftom toluene; rottlerin was thus obtained in large, glistening, 
brownish-yellow plates, m. p. 206—207° (yield about 9 g.) (Found : 
C, 69*2; H, 5*5; M , ebullioscopic in toluene, 585, 615, 598, by 
silver salt, 675. Calc, for C, 69*4; H, 5 * 2 %; if, 570). 

The substance is sparingly soluble in the usual organic solvents* 
In dotting toluene and amyl alcohol it dissolves to the extent of 
about 12%, but separates almost completely on cooling. It is 
very soluble in basic solvents like pyridine, quinoline, or aniline 
and also in alkali hydroxides and carbonates. 

AcetylroUkrin , € 33112309 ( 021130 ) 7 , prepared by boiling pure 
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rottlerin with acetic anhydride (5 parts) and a few drops of pyridine 
and crystallised from dilute acetone, acetic acid, and alcohol, was 
obtained in colourless needles, m. p. 165° [Found : C, 64*9; H, 
5*2. CggH^Og^HgO),? requires C, 65*3; H, 5*0%]. An estimation 
of acetyl by Perkin’s method confirmed the presence of 7 such groups. 

Dibromoacetylrottlerin , C^HggOgB^CgHgO)?.—Acetylrottlerin and 
bromine (in slight excess of 1 mol.) were allowed to react in cold glacial 
acetic acid. The mixture, which was not completely decolorised 
on gentle warming, was poured into water; the precipitate crystal¬ 
lised from carbon disulphide in pale yellow, microscopic needles, 
m. p. 145° [Found : Br, 15*2. ^H^OgBr^CVH^O^ requires Br, 
15*6%]. 

Benzoylrottlerin , C 33 H 24 O 0 (C 6 H 5 *CO) 6 , obtained by the Schotten- 
Baumann method, was a light yellow powder winch could not be 
crystallised from any solvent. It was moderately soluble in most 
of the organic solvents, insoluble in alkali hydroxides, and did not 
melt below 300° (Found: C, 75*8; H, 4*5. requires 

C, 75*3; H, 4*5%). 

M ethoxy rottlerin , C3 3 H 24 0 3 (0Me) 6 .—Rottlerin dissolved in 5% 
aqueous sodium hydroxide was shaken with excess of methyl 
sulphate, more alkali and methyl sulphate were added, and the 
process was repeated four or five times, the solution being kept 
alkaline. The mixture was then warmed on the water-bath for 

1 hour and the yellow solid was collected after cooling and dissolved 
in ether. The ethereal solution was exhaustively extracted with 
dilute sodium hydroxide solution, and the ether evaporated; the 
residue crystallised from dilute acetic acid in pale yellow, micro¬ 
scopic needles, m. p. 135—137° [Found: C, 71*1; H, 0*9; OMe, 
28*8. C^H^O^OMe^ requires C, 71*5; H, 6*4; OMe, 28*4%]. 

AcetylmeihoxyroUlerin , C 38 H 2 30 3 ( 0 M©) 6 ' , C 2 H 3 0 .—A mixture of 

2 g. of methoxyrottlerin, 10 c.c. of acetic anhydride, and 1 drop 
of pyridine was boiled for £ hour and poured into water.. The colour¬ 
less product crystallised from acetic acid in fine clusters of needles, 
m. p. 215—217° [Found : C, 70*2; H, 6*0. C 38 H 23 0 s (0Me) 6 *GVH 3 0 
requires C, 70*7; H, 6*3%]. 

Dibromoacelylmethoxyrottlerin , C 8 3H2 3 0 3 Br 2 (0Me) 6 -C 2 H 3 0.—The 
procedure was that for preparing dibromoacetylrottlerin. The 
pale yellow product, which could not be crystallised, decomposed 
on heating and was moderately soluble in most of the organic 
solvents [Found: Br, 18*2. 0 33 H 23 0 s Br o (0Me) 6 *C 2 H 3 0 requires 
Br, 18*6%]. 

Action of Oxidising Agents on Rottlerin and its Derivatives*— 
(1) Burning nitric acid . Rottlerin (10 g.) was gradually added to 
50 c.c. of nitric acid (d 1*5), the temperature being always kept 

■ 3 Z 2 
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below 0°. The colouring matter dissolved very easily and torrents 
of red fumes were evolved. After 1 hour, the mixture, which had 
become almost solid owing to separation of p-nitrocinnamic acid, 
was diluted somewhat with ice-cold nitric acid (d 1*4) and filtered; 
the crystals melted at 285° after crystallisation from alcohol. A 
further quantity of p-nitrocinnamic acid was obtained on pouring 
the nitric acid mother-liquor into ice-water. The filtrate on 
extraction with ether yielded a gum from which succinic acid was 
isolated. Acetic acid was detected in the mother-liquor. No 
o-nitrocinnamic acid, p-nitrobenzoie acid, or p-nitrobenzaldehyde 
could be isolated (compare Perkin, loc. cit). p-Nitrobenzaldehyde 
and p-nitrobenzoic acid were formed in fairly good quantity if 
the mixture was allowed to warm during the reaction, but even 
so, no o-substituted derivative could be isolated. 

(2) Dilute nitric acid (d 1*2). Rottlerin (10 g.) was heated on 
the water-bath for 72 hours with 200 c.c. of dilute nitric acid with 
occasional shaking; the brownish-yellow colour of the rottlerin 
had then disappeared and the liquid was thick with white crystals. 
The mixture was filtered; acetic acid was detected in the filtrate. 
The crystals gave benzoic acid on distillation in steam; the non¬ 
volatile portion, on repeated extraction with boiling water, yielded 
almost colourless needles of p-nitrobenzoic acid, m. p. 237°. A 
small quantity of phthalic acid was obtained by evaporating the 
aqueous filtrate to dryness and crystallising the residue from boiling 
water. 

The residue left after extraction with boiling water was insoluble 
in almost all solvents. Heated under diminished pressure, it 
sublimed in long needles of terephthalic acid (the methyl ester 
melted at 139°, alone or mixed with methyl terephthalate) (Pound : 
C, 57*5; H, 3*9; Ag in silver salt, 57*2. Calc., C, 57*8; H, 3*6; 
Ag, 56-8%). 

(3) Alkaline potassium permanganate . Rottlerin (5 g.) dissolved 
in 250 c.c. of 3% sodium hydroxide solution was treated with 1% 
potassium permanganate until this was no longer decolorised. 
The solution was filtered, concentrated to small volume, and acidified. 
The white precipitate was distilled in steam, small quantities of 
benzoic and acetic acids passing over. The non-volatile residue, 
on extraction with hot water, yielded a small quantity of phthalic 
acid, while the aqueous mother-liquor, on extraction with ether, 
yielded an unidentified dibasic acid, CigH^O^ which crystallised 
from glacial acetic acid in glistening prisms, m. p. 192°. The aqueous 
mother-liquor after extraction with ether contained oxalic acid 
(isolated as calcium salt). The insoluble residue left after all these 
operations was terephthalic acid. 



DUTT : THE CONSTITUTION OE INDIAN KAMALA. PART I. 2049 


(4) Alkaline hydrogen peroxide. The same substances are obtained 
by the prolonged action of hydrogen peroxide on a cold alkaline 
solution of rottlerin as by the action of potassium permanganate; 
some benzaldehyde also is produced and the yield of the unknown 
acid is greater. 

(5) Alkaline potassium ferricyanide . The reaction, which was 
very slow in the cold, was completed in several hours in the warm. 
On acidifying the alkaline solution, a tarry mass was obtained, 
which on distillation in steam yielded small quantities of benz¬ 
aldehyde and benzoic acid. Prom the dark brown, brittle residue, 
which was very soluble in alkali or ether, nothing definite could 
be isolated. On oxidation with alkaline permanganate, it yielded 
a mixture of phthalic and terephthalic acids and also a small 
quantity of another acid, m. p. 216°. The last appears to be a 
tribasic acid from the analysis of its silver salt, but it was not 
obtained in sufficient quantity for further examination. 

( 6 ) Potassium persulphate . Rottlerin (5 g.) dissolved in 150 c.c. 
of concentrated ice-cold sulphuric acid was gradually treated with 
14 g. of finely powdered potassium persulphate with stirring, until 
carbon dioxide was no longed evolved. The solution, which 
became colourless after being stirred for 2 hours, was poured on 
to ice, and the precipitate collected; acetic acid was detected in 
the filtrate. The precipitate was separated by steam distillation 
into volatile benzaldehyde and benzoic acid and non-volatile 
phthalic and terephthalic acids with only traces of cinnamic acid. 
The unknown dibasic acid, which is an almost constant oxidation 
product of rottlerin, was not formed. 

(7) Fusion with potassium hydroxide. Ten grams of rottlerim 
were gradually added to 100 g, of potassium hydroxide and 10 c.c. 
of water at 100 °; the mixture was then heated at 180—200° for 
£ hour. The cold melt was dissolved in water, acidified with 
concentrated hydrochloric acid, extracted with ether, and the ether 
evaporated. The dark brown, viscous mass thus obtained, which 
had a strong odour of acetic acid, gave, on steam distillation, 
acetic and benzoic acids. An ethereal extract of the residue, on 
decoloration with animal charcoal and concentration at the ordinary 
temperature, yielded large, transparent leaflets of phloroglucinol, 
m, p. 218°. The ethereal mother-liquor on complete evaporation 
left a brown gum from which nothing definite could be isolated. 

Action of Reducing Agents. —(1) Zinc dust and sodium hydroxide . 
A mixture of 5 g. of rottlerin, dissolved in 150 c.c, of 5% sodium 
hydroxide, and 20 g. of zinc dust was heated on the water-bath 
for 1 hour, and the colourless solution was filtered and acidified 
with hydrochloric acid. The yellowish-white, viscous mass obtained, 
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on distillation in steam, gave an acid distillate from which small 
quantities of succinic and acetic acids were isolated. The non¬ 
volatile residue, on cooling, solidified to a brown, brittle mass, from 
which dihydrocinnamic acid was isolated by extracting the powdered 
substance with sodium bicarbonate solution. The final dark 
brown residue could not be crystallised, nor could anything definite 
be isolated from it. It gave a dark violet coloration with ferric 
chloride, dissolved in sodium hydroxide or carbonate solution with 
a dark brown colour, and on fusion with potassium, hydroxide at 
200°, yielded comparatively large quantities of phloroglucinol. 

(2) Tin and hydrochloric acid . A mixture of 10 g. of rottlerin with 
20 g. of tin dust was heated with 150 c.c. of fuming hydrochloric 
acid on the water-bath with frequent stirring until all the tin had' 
dissolved. The mass was diluted with water and filtered hot. 
The filtrate on extraction with ether yielded small quantities of 
acetic and succinic acids. The tarry residue on extraction with 
sodium bicarbonate yielded 1*3 g. of dihydrocinnamic acid. The 
residue, which could not be crystallised, yielded phloroglucinol 
on fusion with potassium hydroxide. 

(3) Sodium hyposulphite. Rottlerin in alkaline solution, on 
treatment with sodium hyposulphite, yielded a brown, tarry mass, 
from which only dihydrocinnamic acid could be isolated. 

(4) Hydriodic acid and red phosphorus. A mixture of 5 g. of 
rottlerin, 2 g. of red phosphorus, and 20 c.c. of hydriodic acid 
(d 1*75), when heated in a sealed tube at 230—250° for 6 hours, 
developed great pressure, due to what was probably a gaseous 
aliphatic hydrocarbon, and separated into two layers. The upper, 
«dark brown, oily layer, isolated by means of ether, distilled between 

135° and 260°; decomposition then set in. The largest fraction, 
b. p. 145—160°, on redistillation gave, between 152° and 159°, a 
odourless liquid with an odour resembling that of mesitylene. It 
was probably ^-propylbenzene (Found : 0, 89*7; H, 10*2. Calc., 
C, 90*0; H, 10*0%), but only a small quantity was available for 
examination. When heated with fuming nitric acid, it yielded a 
very small quantity of a crystalline acid, m. p. 140°, which did not 
depress the m. p. of m-nitrobenzoic acid. 

(5) Pyrogenic reduction with zinc dust . Ten grams of rottlerin 
were distilled with zinc dust in the usual way in a stream of 
hydrogen. Gaseous hydrocarbons were evolved. The distillate 
which was collected in a receiver cooled in a freezing mixture con- 

of a crystalline solid and a liquid. The latter 
iVfw*■ ixk.'^'-pproixs'. pilajbe.the solid, crystallised from alcohol, 

gave colourless plates, m. p, 190°, of (3-methylanthracene and 
yielded p-methylanthraquinone on oxidation with nitric acid. 
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The liquid, extracted from the porous plate with ether, was colour¬ 
less, had b. p. 230—240°, and could not be identified; it was not 
obtained in sufficient quantity for analysis or quantitative examin¬ 
ation. 

Oxidation of Acetylrottlerin with Permanganate .—Aeetylrottlerin 
(20 g.) suspended in 500 c.c. of water was oxidised at 80° with 
25 g. of potassium permanganate in 5% solution, kept neutral by 
the addition of 10 g. of copper sulphate. The excess of per¬ 
manganate was destroyed by ferrous sulphate, and the solution 
filtered. The filtrate, on evaporation to a small volume and acidific¬ 
ation, yielded a small quantity of benzoic acid; the mother-liquor 
contained oxalic and acetic acids. 

The precipitated oxides of manganese, iron and copper were sus¬ 
pended in water and dissolved by passing a current of sulphur 
dioxide. The brown, crystalline residue was extracted with boiling 
water, and from the solution a small quantity of phthalic acid was 
obtained. The insoluble residue, on extraction with alcohol, left 
terephthalic acid. The alcoholic extract, after decoloration with 
animal charcoal and dilution with hot water, yielded triacetyl- 
phloroglucinoldicarboxylic acid in glistening prisms, m. p. 260— 
270° (decomp, and evolution of carbon dioxide) (Found: C, 49*2; 
H, 3-7.; Ag in the silver salt, 39*4. Calc, for C 14 H 12 O 10 , C, 49*4; 
H, 3*5%. Calc, for C 14 H 10 O 10 Ag 2 , Ag, 38*9%). The ethyl ester, pre¬ 
pared in the usual way, melted at 96° and was identical with that 
described by Moore (J., 1904, 85, 167). On deacetylation with 
concentrated sulphuric acid in absolute alcohol, the acid yielded 
ethyl phloroglucinoldicarboxylate, m. p. 106° (Moore, loo. cit .). 

On heating in a vacuum at 220°, the acid evolved carbon dioxide. 
The melt was dissolved in ether, washed with very dilute sodium 
hydroxide, decolorised with animal charcoal, and the solution 
evaporated; colourless prisms, m. p, 105°, of triacetylphloro- 
glueinol were thus obtained. When this was hydrolysed by 
solution in strong sulphuric acid, phloroglucinol was produced in 
quantitative yield. 

Oxidation of Methoxyrottkrin with Permanganate. —Methoxy- 
rottlerin was oxidised by a boiling neutral solution of potassium 
permanganate and the reaction products were isolated in the ways 
described above. Benzoic, acetic, phthalic, and terephthalic acids 
were obtained together with trimethylphloroglucinoldicarboxylic 
acid, which crystallised from dilute alcohol in glistening, white 
needles, m. p. 248-^-255° (decomp, and evolution of carbon dioxide) 
(Found : 0, 51*3; H, 4*8; Ag in the silver salt, 46*4. Gale, for 
C U HiA> 51*5; H, 4*6%. Calc, for C n H 10 O 7 Ag 2 , Ag, 45*95%). 
The acid was heated at 240° for \ hour until the evolution of carbon 
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dioxide had ceased, and then distilled. A colourless liquid passed 
over at 250—255° and solidified in the receiver to a crystalline mass 
of glistening leaflets, m. p. 50—51°, of trimethylphloroglucinol. 
This gave a quantitative yield of phloroglucinol on hydrolysis with 
concentrated hydriodic acid. 

The greater part of this work was done in the Laboratories of 
the Dacca College and the Dacca University during 1921-1923. 
My best thanks are due to Mr. Nirmal Kumar Sen for his help 
in the preparation of large quantities of rottlerin, and to Dr. E. R. 
Watson and Dr. P. C. Ghosh for their kind encouragement during 
the progress of the work. 

Imperial College, London, S.W.7. [Received, June ZOth, 1925.] 


CCLXXX .—The Decomposition of Carbon Monoxide 
in the Corona due to Alternating Electric Fields * 
Part I. 

By Miguel Grespi and Robert Winstanley Lunt. 

In the course of experiments repeating the work of Moser and 
Isgarischeff (Z. Mektrochem ., 1910, 16, 613) on the decomposition 
of carbon dioxide when submitted to the corona produced by 
alternating electric fields of com m ercial frequencies, one of the 
authors (R. W. L.) observed the formation of a solid substance 
the properties of which appeared to be similar to those of the solid 
obtained by Brodie when investigating the action of the electric 
discharge on carbon monoxide (Annaleyi, 1873, 169, 270; Proc. 
Roy. Soc 1873, 21, 245). The chief characteristics assigned to 
the solid by Brodie were a dark brown colour, high solubility in 
water and alcohol (the former solution giving a marked acid 
reaction), and a very low solubility in ether. Basing his arguments 
on the composition of the gas phase before and after exposure to 
the discharge, Brodie stated that there appeared to be two oxides, 
possibly two of a series, to which he assigned the formulae C 4 0 3 
and C 5 0 4 . Four years later, Berthelot (Ann. Chem . Phys., 1877, 
10, 72) repeated some of Brodie’s work and assigned the formula 
C 4 O s to the solid substance he prepared. 

In view of the scanty information existing on this interesting 
compound of carbon and oxygen experiments have been carried 
out with the aim of describing in some detail the properties of this 
material and the conditions under which it is produced. The 
difficulties encountered in producing appreciable quantities of the 
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solid substance hare occasioned some delay in completing a survey 
of its properties and this communication will therefore be confined 
to an account of the behaviour of carbon monoxide when subjected 
to alternating electric fields of frequency 250 over the pressure 
range 760 to 80 mm. Hg. 

Experimental. 

Description of Apparatus.—Source and Measurement of Electric 
Power . Single-phase alternating current of frequency 250 was 
supplied from a motor alternator set and transformed up to the 
required voltage over the range 2000 to 10,000 volts. The voltage 
applied to the reaction vessel was measured by a Kelvin-White 
instrument and the current flowing through it was indicated 
approximately by a dynamometer type milliameter reading 0—50 
milliam peres. 

Reaction Vessel . A glass vessel fashioned in the usual manner 
of a Siemen’s ozoniser, that is to say, constructed of concentric 
cylinders, served to contain the gas during exposure to the dis¬ 
charge. One end of the imier tube was closed and the other was 
ground to fit into the outer tube; it could therefore be removed 
from the outer tube when necessary. Surrounding the outer tube 
was a glass jacketing tube which was filled with mercury and 
served as the high-tension electrode. The inner tube was filled 
with mercury and constituted the other electrode, which was 
earthed. It was cooled by a stream of water at room temperature 
flowing through a thin-walled glass tube immersed in the mercury. 
The temperatures of each electrode were recorded by alcohol 
thermometers, it having been observed that mercury thermometers 
rapidly fouled under the experimental conditions obtaining. 

The reaction vessel was so arranged that carbon monoxide could 
be fed in from a reservoir or the vessel connected to a Topler pump; 
it was also connected to a mercury manometer. The volume of 
gas in the connecting capillary tubes which was out of contact 
with the discharge was reduced to a minimum. The diameters of 
the outer wall of the vessel were 224 mm. (external) and 21 mm. 
(internal), and of the inner wall 16 mm. (external) and 14*8 mm. 
(internal). The length of electrodes was approx, 300 mm. 

Preparation of Carbon Monoxide .—The gas produced by dropping 
recrystallised formic acid into an evacuated flask containing warm 
sulphuric acid was passed over solid potash and dried by flowing 
through some 6 feet of tubing packed with phosphorus pentoxide. 
It was analysed by exposure to alkaline pyrogallol and by absorp¬ 
tion in ammoniacal cuprous chloride solution, in which the gas was 
completely soluble. The gas so prepared was free from oxygen. 

3z* 
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Measurements and Results.—Two sets of observations were 
carried out, one at 4500 volts and the other at 9000 volts. In 
every case the heat generated in the reaction vessel was sufficient 
to raise the mean temperature of the vessel several degrees above 
the room temperature despite the cooling of the inner electrode. 

In order to follow the pressure change during exposure to the 
discharge it became necessary to know the value of the mean 
temperature of the vessel, T m corresponding to any two given values 
of the temperature of the outer and inner electrodes, T and T lP 
respectively. The following empirical relationship was observed to 
hold 

log T m = h log T 7 ! + (1 — k) log T 

with an accuracy of about 1%. The value of k was determined 
in several cases by observing the pressure of the gas, p v corre¬ 
sponding to electrode temperatures, T and T v and the pressure, p 2i 
of the same gas when the whole system was allowed to reach a 
uniform temperature, T 2 . We then have 

(T w + 273)/(T 2 + 273)-p 1 /p 2 . 

Substituting the values so obtained for T m in the above equation, 
the mean value of k was found to be 0-737. 

Preliminary experiments established that the sole products of 
the reaction were the brown solid, which is deposited on the walls 
of the reaction vessel, and a residual gas mixture of carbon monoxide 
and dioxide, containing not more than traces of oxygen. 

The experimental procedure was to introduce carbon monoxide 
into the evacuated reaction vessel and to record the pressure of 
the gas in the reaction vessel and the temperature of the two 
electrodes every quarter of an hour from the commencement of 
the discharge until sensible equilibrium was reached, as indicated 
by the cessation of pressure change. 

After discontinuing the discharge, the residual gas was pumped 
off and analysed by absorbing the carbon dioxide present with 
solid potash. Knowing the composition of this residual gas and 
the values of the gas pressure before and after exposure to the 
discharge, the composition of the solid substance produced can 
ieadily be calculated. 

The brown solid deposited on the walls of the vessel has no 
Appreciable vapour pressure. 

The results are given in Tables I and II: p 0 and p^ are the 
Mfeteal and the eqtdlibrium pressure (mm. of Hg at 0°) of the gas in 
tike reaction vessel ; t is the time (mins.) required to reach sensible 
equiHbrium; a is the ratio C/O in the solid; and b is the ratio 
CO/CO a in the equiHbrium gas mixture. 
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Table I. 


Voltage applied to reaction vessel = 4500 volts r.m.s. 

Current flowing through reaction vessel « 1*0 milliamperes (approx.). 


Po* 

P«>* 

a. 

b. t . 

(Po ~ P«)/** 

501-7 

344*0 

1*204 

11*89 225 

0*70 

317*6 

219*1 

1*228 

11*00 150 

0*66 

201*4 

145*4 

1*256 

11*76 75 

0*74 

141*6 

110*1 

1*335 

12*93 60 

0*86 

105-3 

83*2 

1*348 

13*59 35 

0*63 

78*7 

61*5 

1*409 

11*22 25 

0*69 




mean 12*07 

mean 0*71 




Table II. 



Voltage applied to reaction vessel = 9000 volts r.m.s. 

Current flowing through reaction vessel * 2*5 milliamperes (approx.). 

Po- 

V »« 

a. 

6. t. 

(Po - P»)lt- 

501-0 

327*5 

1*186 

11*27 225 

0-77 

304*7 

213*4 

1*267 

10*11 135 

0-88 

193*3 

140*8 

1*274 

11*04 90 

0-61 

130*8 

100*2 

1*308 

12*63 35 

0-87 

94*4 

73-7 

1*398 

11*49 25 

0-82 




mean 11*82 

mean 0*77 


The curves representing the velocity of reaction can be derived 
from the following expression :— 

— dptjdt = (k + tk'){p, — p a ), 

where p t denotes the pressure at any time t, and k and k' are 
constants which appear to be functions of the initial pressure and 
of the electrical conditions, although the time required to reach 
sensible equilibrium seems to be practically independent of the 
latter. The form of these functions remains to be determined. 
The observed values of p t and those calculated from the above 
equation are set forth in Tables III and IV; the agreement obtain¬ 
ing is satisfactory and not uninteresting. The values of the mean 
rate of decrease of pressure, which are cited in the sixth column 
of Tables I and II show a remarkable constancy. 

The wide range of electrical and pressure conditions obtaining 
being borne in mind, one of the most interesting results is the 
constancy observed in the composition of the residual gas when 
equilibrium is reached. This approximates closely to a mixture 
of one volume of carbon dioxide with twelve volumes of carbon 
monoxide. 

The composition of the solid substance appears to be independent 
of the electrical conditions over the range examined, and solely 
dependent on the gas pressure, the ratio of carbon to Oxygen in 
the solid substance increasing continuously with decreasing gas 
pressure. ; 

3 %*% 
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Table HI. 


Voltage applied to reaction vessel = 4,500 volts r.m.s. 
Pressures as before in mm. Hg. (0°). 



k = 

0*0127. 

k = 

0*0102. 

k = 0- 

0828, 

k = 1 

0*0801. 


k' = 

0*00023. 

k' = 

0*00062. 

k f = 0* 

00388. 

k' = { 

0*00679. 

Time in 

p 

P 

P 

P 

P 

P 

P 

P 

mins. 

obs. 

calc. 

obs. 

calc. 

obs. 

calc. 

obs. 

calc. 

0 

501*7 

501*7 

317-6 

317*6 

141*6 

141*6 

105*3 

105*3 

5 

_ 

— 

— 

— 

— 

— 

98*0 

98*0 

10 

_ 

.— 

— 

— 

— 

— 

91*5 

91*5 

15 

474*9 

474*4 

296*6 

294-0 

119*2 

119*2 

87*2 

87*1 

30 

447*5 

446*4 

272*0 

274-0 

111*2 

111*2 

— 

— 

35 

__ 

— 

— 

— 

— 

— 

83*2 

83*2 

45 

419*1 

420*5 

251*5 

252*3 

— 

— 



60 

398*0 

398*2 

238-4 

236-6 

110*1 

110*1 



75 

381*0 

380*5 

229-0 

227*1 

— 

— . 



90 

367*5 

367*4 

223*2 

222*2 

— 

— 



105 

358*5 

358-5 

— 

— 

— 

— 



120 

— 

— 

— 

— 

112*4 

110*1 



150 

_ 

— 

219-1 

219*1 

— 

— 



195 

344*2 

344-2 

— 

— 

— 

— 



225 

344-0 

344-0 

— 

— 

— 

— 




Table IV. 

Voltage applied to reaction vessel = 9,000 volts r.m.s. 
Pressures as before in mm. Hg. (0°). 



k =0*00581. 

k = 

0*043. 

k =0*0547. 

k =0*0700. 

k =0- 

232. 


k' =0*00018. 

&' = 

0. 

F=0. 


&'=0. 


jfc'=0. 


Time in 

V 

P 

V 

V 

P 

P 

P 

P 

P 

P 

mins. 

obs. 

calc. 

obs. 

calc- 

obs. 

calc. 

obs. 

calc. 

obs. 

calc, 

0 

763*3 

763*3 

501*0 

501-0 

304*7 

304*7 

130*8 

130*8 

94*4 

94*4 

5 

— 

— 

— 

— 

— 

— 

109*4 

110*9 

80*7 

80*2 

10 

— 

— 

— 

— 

— 

— 

103*2 

103*9 

75*8 

75*7 

15 

— 

-— 

434*8 

432*9 

247*4 

253*6 

101*6 

101*5 

74*4 

74*3 

20 

— 

— 

— 

— 

— 

. — ■ 

— 

100*7 

73*9 

73*9 

25 

' — 

— 

— 

— 

— 

— 

100*8 

100*4 

73*7 

73*7 

30 

728*8 

727*8 

385*5 

391*6 

227*9 

231*1 

— 

100*3 

— 


35 

— 

— 

— 

— 

— 

— 

100*2 

100*2 

— 


45 

— 

— 

361*4 

366*5 

224*5 

211*1 

— 

—, 



60 

675*4 

674*5 

350*8 

351*2 

220*8 

216*8 

— 

— 



75 

— 

— 

— 

—.. 

218*5 

214*9 

_ 

_ 



90 

621*9 

622*2 

— 

— 

— 

— 

102*8 

100*2 



120 

582*7 

583*1 

333*6 

330*7 

213*9 

213*5 

_ 

_ 



135 

—. 

■— 

— 

— 

213*4 

213*4 

— 

— 



225 

" — 

— 

327*5 

327*6 

— 

— 

_ 

_ 



300 

541*5 

541*5 

. — 

— 

— 

— 

— 

— 




This observation is in agreement with the work of the General 
Electric Company’s Research Staff on the disappearance of carbon 
monoxide in discharge tubes when operated at pressures less than 
I mm. of mercury {Phil. Mag 1920, 40, 585). They were of the 
opMon that at such pressures the monoxide decomposed to carbon 
and the dioxide, although no chemical tests were made to establish 
the formation of carbon. 
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In addition to possessing the properties recorded by Brodie and 
Berthelot the solid substance is very hygroscopic. In view of the 
small quantities of material available up to the present time the 
systematic examination of its chemical properties is reserved for a 
later~communication. 

Summary. 

(1) A description has been given of the behaviour of carbon 
monoxide in the corona due to alternating electric fields of frequency 
250. It decomposes giving a solid substance, containing carbon 
and oxygen, and a mixture of carbon dioxide and monoxide of 
approximately constant composition. 

(2) The composition of the solid substance appears to be inde¬ 
pendent of the electrical conditions and varies solely with the gas 
pressure. 

(3) In so far as the properties of the solid substance have been 
examined they are similar to those recorded by earlier investigators- 
In addition the substance has been found to be highly hygroscopic. 

(4) Experiments are in progress to determine more completely 
the nature of the solid substance. 

The authors wish to tender their thanks to the Ramsay Memorial 
Fellowship Trust for a Fellowship (M. C.) and to the Commissioners 
for the Exhibition of 1851 for a Senior Studentship (R. W. L.) 
which have enabled them to carry out this research, and particularly 
to Professor F. G. Dorman, F.R.S., for his deep interest and advice 
during the progress of the research. 

Tun William Kamsay Inorganic and Physical 
Chemistry Laboratories, 

University College, London, [Received, May 21th, 1925,] 


CCLXXXI .—Anode Phenomena in the Electrolysis of 
Potassium Ethyl Malonate. 

By John Bbaithwaite Robertson. 

R. E. Gibson (this vol., p. 475) has shown that the synthesis of tri- 
chloromethyl trichloroaoetate by electrolysis of trichloroacetio 
acid takes place only when the anode potential exceeds 2-34—2-37 
volts on the hydrogen standard and concluded that the anode 
process is one of direct oxidation. However, as he points out,, 
this is not a carbon to carbon synthesis, and it appeared desirable 
to determine whether similar results would be obtained in a true 
Kolbe synthesis. 
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As in the apparatus devised for measuring anode potentials, 
only small currents could be employed, and therefore only small 
quantities of synthetic product obtained, potassium ethyl malonate 
proved to be a very suitable material because, whereas this salt is 
very soluble in water, the diethyl succinate formed on synthesis 
is an oil and sparingly soluble in the solution employed. On 
production of this oil a change in the appearance of the gas bubbles 
leaving the anode was easily observable, as Gibson found to be 
the case with trichloroacetate. When no synthesis occurred, these 
were small in size and left the anode freely, but as soon as the oil 
was formed they became much larger and appeared to cling to the 
anode, a phenomenon attributable to their being coated with a 
thin film of the synthetic oil. 

Preliminary experiments showed that a change occurred at a 
potential of about e# = 2*3, where e# is potential referred to the 
normal hydrogen electrode as standard. Below this potential the 
gas evolved at the anode was chiefly oxygen, whereas above this 
potential scarcely any oxygen was produced, the gas being almost 
pure carbon dioxide. 

A series of determinations was carried out to fix this point more 
exactly. Measurements were made at different values of the 
applied E.M.F. between the electrodes of (1) the anode potential, 

(2) the current, and (3) the volume and composition of the gases 
evolved in unit time. Similar measurements were also made when 
electrodes of (1) platinised platinum, (2) grey platinum, and 

(3) gold were used. The apparatus employed is practically identical 
with that described by Gibson, except that here it was not necessary 
to have the anode and the cathode in separate compartments. 

The potential difference between the anode and a calomel electrode 
was measured by the compensation method, with use of an Ostwald 
decade rheostat, a battery of accumulators, a sensitive galvano¬ 
meter, and a standard cadmium cell. The current passing through 
the electrolyte was measured on a milliamperemeter, and the 
E.M.F. between the electrodes on a shunted voltmeter. 

After all necessary connexions had been made, the current was 
switched on and the voltage adjusted to give the desired E.M.F. 
between the electrodes. Readings of the anode potential were 
made at inters The potential took a considerable time to 
become constant, in general about an hour, but in some cases 
several hours; with gold electrodes within a certain range no 
steady reading was obtained even after a constant E.M.F. had 
been applied for 12 hours. When equilibrium was reached, the 
evolved gases were collected for a measured length of time varying 
from | hour to 3 hours (depending on the current passing) until 
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at least 20 c.c. were obtained. During this time frequent regular 
readings of anode potential and current were made, and the means 
of these were taken as representing the potential and current 
during the period. If these readings varied by more than a few 
hundredths of a volt or a few milliamperes, as the case might be, 
the experiment was abandoned. The amount of hydrogen found 
on analysis served as a check on the amperemeter readings. It 
was necessary to determine only the carbon dioxide and oxygen 
in the gas sample, the residue being hydrogen. Several tests with 
fuming sulphuric acid showed that no unsaturated hydrocarbon 
gases were produced. 

The results are detailed on p. 2060: c is the current in milliamperes, 
€jj the anode potential, and C0 2 and 0 2 are the volumes (c.c at 
N.T.P .) evolved per hour. 

The solution used in each case was If-potassium ethyl malonate. 
The values for carbon dioxide do not represent the total carbon 
dioxide produced, as a considerable proportion of this remains in 
the solution, being fixed as carbonate or bicarbonate by the alkali 
formed round the cathode, but they are useful for purposes of 
comparison. 

The diagrams show curves for oxygen evolved per hour and 
current oarried plotted from the above data, the numbers of the 
diagrams corresponding with those of the tables on p. 2060. 

With smooth platinum electrodes (Ib) there is, between anode 
potentials of 2*30 and 2*37, a sudden drop in oxygen evolved. A 
similar drop, although not so sharp, occurs with grey platinum 
electrodes (la) at a potential of about 2*4. The characteristic 
change in the nature of the bubbles leaving the anodes was also 
apparent about these points. This value of 2*3—2*4 therefore 
corresponds to the potential at which the synthesis of diethyl 
succinate occurs. A large-scale experiment with grey platinum 
electrodes and a current of 1 ampere showed that above this potential 
synthesis took place as with smooth platinum, a film of oil appearing 
on the surface of the electrolyte after about 15 minutes. This 
value of the anode potential is the same as that found by Gibson 
(he. cit) in the formation of trichloromethyl trichloroacetate. 
The shape of the current curve, however, differs from his. Whereas 
he found a drop in the curves on formation of the ester, here a 
fairly sharp rise takes place. In order to determine whether 
the difference was due to the different natures of the reactions or 
simply to differences in apparatus and working conditions, Gibson’s 
experiment was repeated using the apparatus already described but 
replacing the platinum foil anode by one of platinum wire. With 
^-trichloroacetic acid, a similar curve to Gibson’s was obtained. 
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IB. 


Electrodes: Two pieces of bright 
platinum foil, each 20 X 25 mm,, 
l cm: apart. 


c. 

*E- 

O 

O 

K> 

o 2 . 

20 

2*02 

0*7 

2*3 

24 

2*12 

0*7 

3*0 

31 

2*16 

1*5 

4*1 

37 

2*27 

1*7 

5*3 

44 

2*30 

2*1 

6-2 

63 

2*37 

4*0 

2*6 

88 

2*30 

7*0 

2*5 

123 

2*45 

20*6 

0*5 


II. 


Electrodes : Platinised platinum wire, 
2 cm. long and 0-5 mm. in diameter, 
1*5 cm. apart. 


c, 

e*. 

Q 

O 

0 2 . 

24 

2*24 

0*1 

5*0 

31 

2*29 

0*1 

6-0 

38 

2-32 

0*1 

7*5 

53 

2*43 

0*1 

10*1 

65 

2*53 

0*3 

12-9 

91 

2*68 

0*4 

17*1 

103 

2*77 

0*7 

19*3 

121 

2*88 

1*1 

22*3 

135 

3*00 

1*5 

24*7 

142 

3*10 

1*9 

25*6 

168 

3*25 

3*7 

29*2 

185 

3*33 

7*0 

29*1 

202 

3-50 

19*7 

21*9 

210 

. 3*78 

18*4 

14*5 


IG. 

Electrodes: Grey platinum. Two 
pieces of foil, 10 X 10 mm., which 
had been platinised, then gently 
ignited in a spirit lamp flame, 


1*5 cm. 

apart. 



c. 

€£• 

C0 2 . 

O a . 

36 

2*28 

0*4 

6*1 

42 

2*31 

0*6 

6*6 

54 

2*35 

1*5 

7*8 

73 

2*40 

2*3 

8*2 

84 

2*44 

3*5 

7*3 

105 

2*49 

4*4 

7*6 

181 

2*6—2*7 

9*2 

5*8 


HI. 

Electrodes : Gold wires, 1 mm. in 
diameter, 1 cm. apart. In the first 
six experiments these were 2*5 cm. 
long. The length was then reduced 
to 0*5 cm. With a similar anode 
potential the current carried was 
then exactly l/6th of that given 
with the larger electrodes. The 
actual results obtained for current 
and gases evolved in the first six 
experiments have been divided by 
6 to make the whole series com- 
parable.* 


c. 


co 2 . 

0 2 . 

4*3 

2*28 

0*05 

0*8 

7*0 

2*52 

0*07 

1*4 

10*5 

2*77 

0*1 

2*0 

14*0 

2*88 

0*1 

2*7 

20 

3*12 

0*2 

3*7 

24 

3*28 

0*2 

4*7 

30 

3*57 

0*2 

6*1 

32 

4*24 

0*2 

6*2 

32 

4*43 

0*3 

6*5 

35 

5*01 

0*3 

6*8 

111 

6*22 

1*0 

21*4 

133 

6*31 

1*3 

24*9 

158 

6*52 

1*8 

30*9 

240 

6*76 

2*2 

44*9 


* The gold electrodes even under low potentials soon became coated with 
a brown covering of dispersed gold. The current and potential readings, 
however, were quite as constant as in the case of platinum, so it may be 
assumed that in spite of this “ spattering ” the surface area remained 
practically constant throughout. 

This type of curve was also given when potassium trichloroacetate 
was used as electrolyte. With potassium ethyl malonate, how¬ 
ever, a curve similar in all respects to that of Kg. 1 was obtained. 
The difference is therefore connected with the nature of the reac¬ 
tions at the anode aiid may be conditioned by the presence or 
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absence of halogen. Gibson assumes that the anode changes from 
“ platinum which is stable at low potentials and which does 
not favour synthesis, to “ platinum p,” stable above 2-2 volts and 
favouring synthesis. The following facts would seem to lend 
support to this view. After a solution of potassium ethyl malonate 
had been electrolysed for a time at an anode potential above the 
synthetic value the applied E.M.F. was reduced so as to bring the 
anode potential below this value; the resulting current always 
approximated after a short interval to that obtained when ascend¬ 
ing the curve. This was not the case when potassium triohloro- 


Fia. 1. 



Curve In: Bright platinum. Curve la: Grey platinum. 

Horizontal axis : anode potential, in volte. 

Vertical axis: on left, current in milliamperea ©; on right, oxygen per hour 
in c.o. x. 

acetate was the electrolyte. For instance, a solution of the latter 
was electrolysed for 20 hours at a high potential. The anode 
potential was then 2-8 volts and the current 0-3 m.a. The applied 
E.M.F. was then reduced, the anode potential becoming 2-2 volts 
and the current 0-07 m.a. On the ascending curves the current 
corresponding to this potential was 0-65 m.a., nearly ten times 
as large. The anode was still covered with the large bubbles 
typical of synthesis, although the potential was now well below 
the synthetic potential. On removing these bubbles by rubbing 
with a piece of wire (without interruption of the current), although 
there was a momentary rise of current, it subsequently returned 
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rapidly to 0-07 m.a. as large bubbles reformed on the anode. Re¬ 
peated rubbings effected no permanent change. The electrolysis 
was then allowed to proceed undisturbed for 5 days with the same 
constant applied EM.F. At the end of this time, anode potential 
was still 2*2 volts, but the current had increased to 0*7 m.a,, a 
value agreeing well with the 0*65 m.a. obtained in the ascending 
series. On Gibson’s hypothesis, these results are simply explained 
by assuming that “ platinum p ” was formed on the surface of the 
anode during its period of high potential, that this “ platinum (J ” 
continued to function as a synthetic agent on reduction of the 
potential below the normal synthetic value, but after the lapse 
of sufficient time it, being metastable at low potentials, had gradually 
reverted to “ platinum a ” with resulting cessation of synthesis 
and rise of current. 

Interpretation of the Results .—When potassium ethyl malonate 
is electrolysed, the anion C0 2 Et*CH 2 *C0*0' is discharged at the 
anode. On discharge, this may react with the water, or with 
another similar anion, or the oxygen liberated from the water 
may oxidise ethyl hydrogen malonate. These possibilities are 
shown in the equations, where R stands for CH 2 *C0 2 Et. 

l a, 2R-COO + H 2 0 = 2R-C0 2 H + O. 

l b. 2R-C0 2 H + 0 ~ R-R + 2CO s + H 2 0. 
n. 2R-CO-0 - R-R + 2C0 2 . 

III. R-COfcH + 10 O = 5C0 2 + 4H 2 0. 

Other subsidiary reactions may occur, but in the case of the malon- 
ates these are very limited in degree. Equation la represents the 
reaction of the anion with water with liberation of atomic oxygen. 
If this atomic oxygen unites with another atom, molecular oxygen 
is produced and escapes as gas at the anode. An equivalent 
quantity of hydrogen will be produced at the cathode by the reac¬ 
tion of the potassium ions, and the whole therefore amounts to 
the simple electrolysis of water. Equation Ib represents the form¬ 
ation of diethyl succinate as a result of the oxidation of the ethyl 
hydrogen malonate formed at the anode by the atomic oxygen 
simultaneously liberated. Equation II represents two discharged 
anions as uniting to form the same product, a molecule of carbon 
dioxide splitting off from each of them. Equation III represents 
complete oxidation of hydrogen ethyl malonate to carbon dioxide 
and water. It remains to determine which reactions prevail with 
the different electrodes and with different potentials. In general, 
equation la represents the prevailing reaction at low potentials. 
It would appear justifiable to look on this reaction as being main- 
; tained during rise of potential and to consider reaction Ib, II, 
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or III as being superimposed on it (compare Gibson, foe. cit., 
p. 482). 

Fra. 2. 



Curve II : Platinised platinum. Curve III : Gold. 

Horizontal axis ; anode potential, *b, in volte . 

Vertical axis: on left, current in milliamperee © ,* on right, oxygen per hour 
in c.c. x* 

There are then three possible forms of oxygen curve* (1) If 
reaction la alone holds throughout the whole range, the amount/ 
of oxygen evolved per unit time would be directly proporticmai to 
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bhe current, and would rise steadily with increasing potential, 
giving a continuously ascending curve. (2) If reaction II were 
superimposed at any stage, since no oxygen is either used np or 
produced hy it, presumably the oxygen curve would here reach a 
maximum and then remain approximately at that value. (3) If 
either reaction lb or III was superimposed, some of the oxygen 
formed in reaction la would be used for oxidation work and a fall 
in the value of oxygen evolved per unit time would thereby result. 

We will now apply this reasoning in turn to each of the cases 
studied. 

Bright Platinum (Curve Ir),—T he oxygen curve rises with 
increase of potential and current to a maximum at a potential of 
2*3 and then rapidly falls until at potential = 2*45 practically no 
oxygen is evolved. Synthesis of diethyl succinate therefore takes 
place at anode potential = 2*3, and this synthesis is performed 
with the help of the atomic oxygen liberated at the anode or accord¬ 
ing to equation lb. This point is therefore an oxidation potential, 
not a discharging or decomposition potential, as it would be if 
equation II held. It will be noted also that the current curve 
begins to rise steeply about this point, although no break has been 
shown in the curve. This can be readily explained as being due to 
depolarisation of the anode resulting from the oxygen removal. 
At low potentials, the oxygen is never equal to half the hydrogen, 
as it would be if reaction la occurred alone, an appreciable quantity 
of carbon dioxide being always produced. This may result from 
either reaction lb or III taking place, i.e., either synthesis occurring 
below the apparently limiting potential or complete oxidation of 
part of the electrolyte. It is probable, as will be shown later, 
that the oxygen deficiency represents a complete oxidation of a 
small portion of the electrolyte to carbon dioxide and water (compare 
Murray, loo, tit.). 

Grey Platinum (Curve Ig). —The curves for grey platinum resemble 
those for smooth platinum, the maximum in the oxygen curve 
being, however, less sharp. It is also noteworthy that before 
this point is leached the carbon dioxide evolved became relatively 
high as with smooth platinum. The reactions taking place are 
therefore probably the same in both cases. Although there is no 
direct experimental evidence to support the hypothesis, it seems 
probable that the comparative differences may be due to differences 
in surface current density. 

Platinised Platinum (Curve II).—The oxygen and current curves 
rise steadily until an anode potential of about 3*3 is reached. The 
oxygen curve then falls while the current curve still ascends, 
although somewhat less steeply. If any synthesis takes place, 
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it is exceedingly small in amount, as is proved by the fact that 
on electrolysing 100 c.c. of solution between platinised platinum 
electrodes for 2 hours with a current of 2*5 amperes and extracting 
the resulting solution with ether, there remained on removal of 
the ether only a trace of an oily film which had not the character¬ 
istic odour of diethyl succinate. It would appear, therefore, that 
above an anode potential of 3*3 complete oxidation of the electrolyte 
(equation III) takes place in amount sufficient to produce a fall 
in the oxygen evolved. This is also shown by the larger increase 
in carbon dioxide. Below this value, only small quantities of 
carbon dioxide are produced, and relatively these are very much 
smaller compared with the oxygen evolved than is the case with 
smooth platinum. In order to test conclusively whether carbon 
dioxide is evolved at very low potentials, the following experiment 
was carried out. A modified apparatus was used which allowed 
a current of air free from carbon dioxide to be passed through the 
electrolyte. This was fitted with platinised electrodes and half 
filled with malonate solution to which a few drops of dilute sulphuric 
acid had been added. With no current passing, a slow stream of 
air was aspirated through the solution and then bubbled through 
a single drop of lime water contained in a small bubbling apparatus. 
After 2 hours, there was no sign of milkiness in the lime water. 
This proved the malonate solution to be free from carbonate. A 
current of 10 milliamperes was then passed with an anode potential 
of 1*83, the same air current being continued. After \ hour there 
was evidence of carbon dioxide and after 1 hour the milkiness was 
very definite. Oxidation was therefore taking place even at this 
very low potential. Since there is little doubt that the only 
oxidation occurring with platinised platinum is the complete 
oxidation of equation III, this would support the conclusion that 
in the case of smooth platinum the carbon dioxide produced at 
low potentials is due to this reaction. 

Gold (Curve III).—With gold electrodes at low potentials there 
is a very small yield of carbon dioxide, but its presence was proved 
by an experiment similar to that described in the case of platinised 
platinum. It probably represents a small amount of complete 
oxidation. The oxygen evolved rises steadily till a potential of 
3*6 is reached, then remains practically constant till potential 
os 5*0. Thereafter occurs a region of oscillating potentials. With 
an applied EM.F> between the electrodes of 7*3 volts, the current 
varied during 12 hours between the limits of 40 and 8 milliamps., 
with corresponding anode potential variation of 5*0—6*0. Both 
rise and fall were very slow, each occupying from 1 to 2 hours, 
and they showed no diminution in magnitude with time. Above 
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potential = 6*2, rapidly ascending smooth curves are obtained. 
The carbon dioxide evolved remains very small throughout and 
even at the highest potential reached the oxygen deficiency is 
only about 10%. It would thus appear that with gold there is 
very little oxidation of any kind, the main reaction throughout 
being that of equation la. The peculiar nature of the curves 
between anode potentials of 3*6 and 6*2 is doubtless due to some 
form of electrode effect, most probably the formation of an oxide 
of gold. On this assumption one can imagine that at potential 
3*6 the atomic oxygen liberated at the anode, instead of combining 
to form molecular oxygen, begins to combine with the gold. This 
tendency continues until potential = 5*0, the gradual reduction 
in conductivity of the electrode due to the formation of the film 
of oxide rendering this portion of the curve flat. Above this 
potential, i.e., throughout the dotted portion of the curve where 
readings were not obtainable, the*oxide film is alternately formed 
and destroyed as the potential varies between about 5*0 and 6*0, 
the lower potential favouring the formation of oxide and the higher 
one causing it to decompose with oxidation of the electrolyte. 
The variation in the conductivity of the electrode during these 
changes accounts for the changes in current, which throughout 
shows oscillations in an inverse direction to those of the potential. 
The final sharp rise in the curves represents a range where the 
oxide is either not formed or is destroyed as soon as formed and 
no polarising effect occurs. 

Summary . 

* (I) The formation of diethyl succinate on electrolysis of potassium 

ethyl malonate is shown to be an oxidation reaction and to take 
place only when the anode is of a suitable material and when its 
potential exceeds 2*3—24 volts referred to the normal hydrogen 
electrode as standard. The results are in general agreement with 
the views expressed by Gibson, 

(2) Grey platinum resembles smooth platinum in its behaviour 
as electrode material. 

(3) With platinised platinum and with gold anodes no synthesis 
occurs; but whereas the former at a potential of 3*3 causes a large 
oxidation of the electrolyte to carbon dioxide and water, with the 
latter little oxidation occurs even at potentials over 6* 

<4) What appears to be complete oxidation of a portion of the 
electrolyte occurs with all the anode materials used, even at very 
low potentials. The extent of this oxidation is small with platinised 
platinum and gold, more considerable with smooth platinum and 
grey platinum. 
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(5) With gold a peculiar instability is observed, and an explanation 
of this is suggested. 

My thanks are due to Professor Sir James Walker, P.R.S., for 
suggesting the lines of this research, and for helpful criticism during 
its performance. 

Chemical Department, 

University op Edinburgh. [Received, June 6 th, 1925.] 


CCLXXXII ,—The Reaction of Bromine with Aliphatic 
Acids . Catalytic Effect of Acyl Halides . 

By Herbert Ben Watson. 

The investigation of the mechanism of the a-bromination of ali¬ 
phatic acids originated in the isolation by Steiner (Ber., 1874, 7,184) 
of a red additive compound of acetic acid, bromine, and hydrogen 
bromide, which decomposed in absence of water to give hydrogen 
bromide and monobromoacetic acid, and the accelerating effect of 
hydrogen bromide was interpreted by Hell and Muhlhauser (Ber., 
1879, 12, 727) on the hypothesis that bromination was preceded 
by the formation of a compound of this type. Hell and Urech 
(Ber., 1880,13, 531) showed that, although the velocity of bromin¬ 
ation is dependent on the concentration of bromine, the reaction is 
not of the simple bimolecular type, an initial period of very low 
velocity being followed by a comparatively rapid disappearance of 
the halogen; and they regarded this observation as confirmation 
of Hell and Muhlhiiuser’s hypothesis. 

The rapid bromination of aliphatic acids in presence of phosphorus 
or sulphur (Hell, Ber, f 1881, 14, 891; Volhard, Annalen, 1888, 
242,141; Zelinsky, Ber., 1887, 20, 2026) was regarded originally as 
involving complete conversion of the acid into acid bromide, followed 
by bromination of the latter, but this interpretation is not applicable 
to cases where a very marked acceleration results from tho presence 
of quantities of phosphorus or sulphur which are insufficient for any 
large conversion (e.gr., Gorodetzky and Hell, Ber., 1888, 21, 1729; 
Ward, J., 1922,121,1161). 

A new view of the reaction was put forward by Lapworth (J,, 
1904, 85, 41). He observed that hydrogen chloride, as well as 
hydrogen bromide, has a catalytic effect, and he regarded this action 
as being of the same nature as the influence of acids on keto-enol 
changes ; accordingly, he suggested that the bromination of oarb* 
oxylic acids, like that of acetone, involves a relatively slow catalysed 
change to the enolic form, followed by instantaneous addition of 
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bromine at the point of unsaturation, and finally by loss of hydrogen 
bromide. 


R-CBL-COoH 


catalyst 


r-ch:c<°|^ 


/Br 

R-OHBr-O^-OH 

\OH 


R-CHBrC0 2 H + HBr. 

He attributed the catalytic influence of small quantities of phos¬ 
phorus to the formation of hydrogen bromide by the action of the 
phosphorus bromides on traces of water present or on the acid itself . 
This “ enolic form theory ” was adopted by Aschan (Ber., 1912, 45, 
1913) to explain the production of brominated acid bromide and 
brominated acid chloride when bromine reacts with an acid chloride : 
but Meyer (Ber., 1912, 45, 2868) pointed out that such an interpre¬ 
tation is unnecessary, since the observation is explained equally well 
by assuming substitution followed by a reaction of hydrogen 
bromide with the brominated acid chloride (compare Staudinger 
and Anthes, 1Ber., 1913, 46, 1417). The results of an investigation 
of the bromination of acids in presence of small quantities of phos¬ 
phorus were interpreted by Ward (loc. cit.) on the basis of Lapworth’s 
suggestion, but he points out (X, 1923, 123, 2212) that the theory 
demands the existence of carboxylic acids in a form which is neither 
observed nor indicated in other reactions : in the case of ketones, 
aldehydes, and compounds containing the —CO*CH a *CO— grouping 
where the theory has been applied successfully (Lapworth, J., 1904, 
85, 30; Dawson and Leslie, J., 1909, 95, 1880; Dawson, Burton, 
and Ark, J., 1914, 105, 1275; Meyer, Annalen, 1911, 380, 235; 
Ber., 1912, 45, 2867; West, J., 1924, 125, 1277), the existence of an 
enolide is indicated in other reactions. 

The very powerful accelerating effect of a small quantity of 
acetic anhydride on the chlorination of acetic acid was observed by 
Hentschel (Ber., 1884,17,1286), and is now utilised in the industrial 
preparation of monochloroacetic acid. Hentschel postulated a pair 
of alternating reactions of the following type, 

(CHg^COJgO + Cl 2 «= CH 2 C1*C0 2 H + CH 3 *COCl . ... (1) 
CH 3 -COCl + CH 3 *C0 2 H = (CH 3 ’C0) 2 0 + HC1 .... (2) 

The individual reactions (1) and (2) had been observed by Gal 
(Ann: Chim, Phys., 1869, 66, 187) and Anschutz (Annalen, 1884, 
226, 1), Shaw (X, 1923, 123, 2233) found that acetic anhydride 
similarly accelerates the bromination of acetic and homologous 
acids, and suggested that bromination may take place either (a) 
through the preliminary enolisation of the acid, or (6) through a 
series of changes involving acetio anhydride, similar to those postu¬ 
lated by Hentschel, the latter course being by far the more rapid. 
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A re-examination of the action of bromine on acetic, propionic, 
and n -butyric acids at 100° has been undertaken by the author, 
and the results are summarised in the following. 

(a) Catalytic Effect on Halogen Adda ,—When no catalyst is 
present initially, the course of the reaction indicates autocatalysis 
by the hydrogen bromide formed (see curve I): a ec period of 
acceleration 99 is followed by the attainment of a maximum velocity, 
and the reaction then becomes steadily slower: variation in the 
initial concentration of bromine has a marked effect (compare Hell 
and Urech, loc. cit .), If hydrogen bromide is present initially, the 



Time in minutes. 

Acetic acid and bromine, Initial [Br a ]«» 0*24 M. 

X, No added catalyst . II* HBr introduced (0*268 M). 

III. HOI introduced (0*317 M). IV. AcBr introduced (0*047 M ). 

reaction proceeds more quickly: a very small quantity of the 
halogen acid reduces the period of acceleration to a marked extent, 
and in presence of a moderate initial concentration of hydrogen 
bromide (0*2M) this period disappears* (see curve II). The velocity 
is thus dependent on the concentration of bromine and that of 
hydrogen bromide : no simple mathematical relationship has been 
found for acetic and n-butyric acids, but in the case of propionic 
acid, when the acid is present in large excess, the velocity is repre¬ 
sented with a tolerable degree of accuracy by the expression 
v — This expression holds over a wide range of 

concentration of hydrogen bromide extending from zero to molar 
(see Table II): when, however, the concentration of the halogen 
acid is very great (2 M), a retarding influence comes into play. 
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This is undoubtedly due to perbromide formation, as indicated by 
the pale colour of the reaction mixture (compare Joseph and 
Jinendradasa, J., 1911, 99, 274), a similar retardation having been 
observed in other reactions (Bugarsky, Z. physikaL Chern 1901, 
38, 561; 1904, 48, 63; Bognar, ibid., 1910, 71, 529; Orton and 
Jones, Rep. Brit. Assoc., 1910, 99). Hydrogen chloride also exerts 
a catalytic effect (compare Lapworth, Shaw), but is somewhat less 
effective than hydrogen bromide, and when it is present even at 
saturation the initial period of acceleration does not disappear 
completely (see curve III). The velocity does not remain constant 
as stated by Shaw ( loc . cit.), who apparently took an insufficient 
number of points on the curve. 

In order to determine whether this catalytic action is common to 
all acids, the effect of small quantities of trichloroacetic and sulphuric 
acids was examined. The effect of trichloroacetic acid is scarcely 
perceptible (see Table 1, a and 6) : sulphuric acid also has but little 
effect, but' the bromination is here complicated by side reactions. 
The marked catalytic effect of halogen acids is clearly specific, and 
not common to acids in general, and this fact together with the 
dependence of the velocity on the concentration of bromine is 
evidence against the validity of the “ enolic form theory.” 

(b) Catalytic Effect of Acetyl Bromide .—The very powerful 
acceleration produced by the presence of a small quantity of acetic 
anhydride was observed by Shaw (loc. cit.), and a fuller investigation 
of this reaction at 100° has established the following facts (the acetic 
aoid used contained 0T% of water, and in all cases was present in 
very great excess); 

(1) If the anhydride is not in excess of the water present in the 
acid, no catalytic effect is observed. 

(2) When the anhydride is in excess of the water, a short period of 
acceleration (which escaped Shaw’s notice) is followed by a rapid 
reaction; after the initial period, the velocity is proportional to 
the concentration of bromine, and varies directly and almost pro¬ 
portionately with that of the anhydride (see Tables IV and V). The 
effect of acetic anhydride, as compared with that of halogen acids, 
is seen from the following : 

No HBr ** HC1 « Ac a O * 
Catalyst added. catalyst. 0*053 M. 0*063ilf. 0*0&9f. 

Initial titre (N/X0-Na ? S 2 O 3 ) ... 0*48 9*58 10*02 9*25 

Fall of tiire in 45 noins. 0*25 1*55 0*78 9*05 

(3) If hydrogel bromide, in excess of the anhydride, is also intro¬ 
duced, the initial period of acceleration disappears, and the velocity 
is proportional to the concentration of bromine from the commence¬ 
ment. The actual value of k x is somewhat smaller than in (2), and 
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becomes very considerably smaller when the concentration of hydro¬ 
gen bromide is high (see Table VI). This may be attributed to 
perbromide formation, which is indicated by the colour of the 
reaction mixture : such combination becomes more extensive as the 
water content of acetic acid diminishes (Jones, J., 1911, 99, 402). A 
slight falling off in the value of k x towards the end of the reaction, 
which was observed in some of the experiments, is probably due to 
the same cause. 

(4) The presence of hydrogen chloride in excess of the anhydride 
does not destroy the catalytic effect of the latter, as stated by 
Shaw {loo. cit.), but exerts a comparatively small retarding influence. 
Here again, after the initial period, the velocity is proportional to 
the concentration of bromine (see Table VII). 

It is suggested that these results are best interpreted as follows : 
when a mixture of acetic acid, bromine, and acetic anhydride is 
heated at 100°, the anhydride not being in excess of the water 
present in the acid, complete and relatively instantaneous hydrolysis 
of the anhydride takes place, and no acceleration is observed. If 
the anhydride be in excess of the water, the first reaction consists 
in an immediate removal of water by hydrolysis of the equivalent 
quantity of anhydride* The remainder then reacts with bromine, 
(CH 3 -CO) 2 Q + Br 2 <* CHgBrCOgH + CHg-COBr (Gal, he. cit) : 
with the quantities of anhydride employed in the investigation, the 
percentage of the total bromine required for this reaction is small, 
being equivalent to about 0*5 c.c. of V/10-thiosulphate. The 
conclusion is thus reached that the observed acceleration is due to 
the presence of acetyl bromide. If this be the case, the velocity 
will reach its maximum value only when the bromination of the 
anhydride is complete, and thus the period of acceleration is ac¬ 
counted for. In presence of the more powerful catalyst the influence 
of the hydrogen bromide formed is inappreciable (or perhaps is 
balanced by perbromide formation), and there is no apparent 
autocatalysis : the reaction therefore follows the first order. If 
hydrogen bromide is present initially in excess of the anhydride, it 
reacts with great speed according to the equation (CH 3 *C0) 2 0 + 
HBr = CH 3 *C0 2 H +* CH 3 *COBr (compare Gal, loc. cit., on the re¬ 
action of hydrogen chloride with acetic anhydride). The acid 
bromide is then present from the commencement at its maximum 
concentration, and there is no period of acceleration. 

In order to obtain direct evidence of the accelerating influence 
of acetyl bromide, the bromination of -acetic .acid 
varying small quantities of the acid bromide (introduced 
was studied; the results confirmed the hypothesis cmtl&iecl’' 

(see Tables VIII and IX). When the acetyl 
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excess of the water present in the acid, the reaction follows, as would 
he expected, the same course as when hydrogen bromide alone is 
introduced, while the acid bromide, present in excess of the water, 
is an exceedingly powerful catalyst * (see curve IV). Its effect is 
similar to that of the anhydride at equivalent concentration save 
that (a) the velocity is now proportional to the concentration of 
bromine from the commencement, and (6) the values of are some¬ 
what lower (perbromide formation), and in agreement with the 
values obtained in presence of acetic anhydride and hydrogen 
bromide in conjunction. Measurements employing varying initial 
quantities of the catalyst showed that the velocity is proportional 
to the concentration of acetyl bromide (see Table X). 

Acetyl bromide exerts a similar influence on the bromination 
of other aliphatic acids. The effect of acetic anhydride on the 
bromination of the homologues of acetic acid was observed by Shaw 
(loc. cit.), and the author has shown that acetic anhydride and 
acetyl bromide accelerate the bromination of propionic and n* 
butyric acids in a manner exactly similar to that described for acetic 
acid. 

Examination of the effect of acetyl chloride has shown that if 
the acid chloride is not in excess of the water present it produces 
the same effect as does hydrogen chloride, while if it is in excess 
of the water the bromination is initially much faster than in presence 
of halogen acids, but less rapid than in presence of acetyl bromide : 
when sufficient hydrogen bromide has been produced to bring about 
complete conversion of the acid chloride to acid bromide 
(CHa-OOa + HBr —bH a -COBr + H01, Staudinger and Anthes, 
loc. cit.) a rapid first-order reaction takes place : the actual value 
of k x is the same as when acetic anhydride is initially present and 
somewhat greater than when acetyl bromide is introduced initially 
(less “ fixing ” of bromine as perbromide). Acetyl chloride is thus 
a less powerful catalyst than acetyl bromide. The retarding .in- 

* An anomalous result obtained by Ward (J., 1922, 121, 1164) receives a 
simple interpretation in the light of this fact. He found that acetic acid, 
previously saturated with hydrogen bromide, did not react completely with 
a molecular proportion of bromine after heating at 100° for three hours, and 
this observation is in harmony with the results of Lapworth (loc. cit.) and of 
the author. On the other hand, when he introduced acetyl bromide for the 
purpose of dehydrating the acid and at the same time providing halogen 
acid, he carried out the bromination in one hour. The amount of acetyl 
bromide added (3 g. to 60 g. of acetic acid) was equivalent to the water 
content of an acid having 0-878% of water (m. p. rather above 16°), Ward’s 
acid! had been purified by freezing, and it is unlikely that it contained, such 
a high percentage of water. The indications are that the acetyl bromide 
was in excess of the water, and that its presence was responsible for the rapid 
bromination. 
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fluence of an excess of hydrogen chloride on the bromination in 
presence of acetic anhydride may then be attributed to the formation 
of acid chloride from the anhydride (CH 3 *C0) 2 0 + HC1 = CH 3 -C0 2 H 
+CH 3 *00C1 (Gal, loc . cit.) ; complete conversion of acid chloride into 
acid bromide during the reaction is here prevented by the excess of 
hydrogen chloride, and hence the comparatively small value of k v 

(c) Catalytic Effect of Acid Bromides in General. —Investigation of 
the bromination of acetic and propionic acids in presence of bromo- 
aeetyl, propionyl, and benzoyl bromides has revealed the fact that 
the introduction of any one of these acid bromides brings about 
an acceleration identical with that which is produced by acetyl 
bromide at equivalent concentration. The velocity is proportional 
to the concentration of bromine and of acid bromide, and the values 
of k x are the same in each case (see Tables X and XI). 

The introduction of benzoyl chloride into a reaction mixture of 
bromine and acetic acid produces an effect which is similar to 
that of acetyl chloride at equivalent concentration, except that the 
velocity is slightly less (see Table XII). 

Discussion of Results. 

1. The peculiar catalytic influence of acid bromides on the bromin¬ 
ation of aliphatic acids may possibly involve the following steps. 
The acid bromide is first brominated, 

R*CH 2 -COBr + Br 2 « R*CHBr*COBr + HBr . . . (1) 

The aliphatic acid (present in very great excess) then reacts with 
the brominated acid bromide, 

R-CHBrC0Br+R-CH 2 -G0 2 H=R*CH a *C0Br+R*CHBr^C0 a H (2) 

the final product being the brominated acid, and the acyl bromide 
going through the same series of changes again. 

The results of Ureoh (Ber. y 1880, 13, 1688) indicate that the 
bromination of acetyl bromide is a reaction of the second order; 
in the scheme outlined above, the concentrations of acid bromide and 
brominated acid bromide remain constant during the reaction, while 
that of the acid is very large; for a given initial concentration of 
acid bromide, therefore, the velocity will vary only as the concen¬ 
tration of bromine, but will be proportional to the initial concen¬ 
tration of acid bromide. This is in complete agreement with the 
observed facts. 

If the bromide of a different carboxylic acid be present initially, 
an exactly similar acceleration is observed, and a similar mechanism 
is thus indicated. This is interpreted most simply by supposing 
that reactions (1) and (2) above are preceded by 

R'*COBr + R*CH 2 -C0 2 H = R-CH 2 -C0Br + R'*C0 2 H, 
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which is exactly similar in character to reaction (2). This idea 
is in harmony with the observation of Pokenius (Chem. Ztg 1896, 
20,46) that benzoyl chloride and acetic acid when heated together 
yield benzoic acid and acetyl chloride, whilst a similar reaction was 
suggested by Orton (J., 1901, 79, 1351) as providing a possible 
explanation of the formation of acid amides by the reaction of 
benzoyl chloride with carboxylic acids in presence of am m onia. 

The catalytic action of acid bromides cannot be interpreted by 
postulating the intermediate formation of the acid anhydride 
(compare Shaw, loc. cit.) or of a mixed anhydride, for an initial period 
of low velocity is observed when the anhydride is introduced, but 
not when the acid bromide is present initially. 

2. Acid chlorides are less powerful catalysts than acid bromides, 
but their effect may be interpreted in a similar manner by postulating 
the reactions 

R'-COCl + R*CHVC0 2 H = R-CH*-C0C1 + R'*C0 2 H, 
R-CH^COCl 4 Br 2 = R-CHBr-COCl 4 HBr“ 
R-CHBr-COCl + R-CH 2 -C0 2 H = R-CKyCOCi 4 R-CHBr*C0 2 H. 

It must be assumed that one or more of these reactions proceed less 
rapidly than the corresponding reactions involving the acid bromide. 
The hydrogen bromide formed in the reaction, however, now reacts 
with the acid chloride (or brominated acid chloride), and the above 
reactions are gradually replaced by those in which the acid bromide 
takes part (compare Staudinger and Anthes, loc. cit.). The velocity 
ultimately attained will depend on the proportion of acid bromide 
or brominated acid bromide present in the equilibrium R-CH 2 *C0Cl4 
HBr^:R-CH 2 -COBr4HCl or the equiHbrium R-CHBr-COCl 4 
HBr R-CHBr«COBr 4 HC1, and is not likely to be identical 
for all acid chlorides. This is in harmony with experimental 
results. 

3. The accelerating effect of a small amount of phosphorus (Hell- 
Volhard-Zelinsky reaction) is now interpreted simply. The bromin- 
ation of acetic acid at 100° in presence of a halogen acid is a slow pro¬ 
cess requiring at least six hours for completion (Lapworth, Ward; 
compare the author’s results, Tables I to III), whilst in presence of a 
very small amount of phosphorus the reaction is complete in one hour 
(Ward, J., 1922, 121, 1163). The catalytic effect of phosphorus is 
thus much more powerful than that of halogen acids, but is of the 
same order of magnitude as the effect of acid bromides. Moreover, 
the bromination in presence of phosphorus always results in the 
formation of a small quantity at least of acid bromide or brominated 
acid bromide (Ward), and it seems obvious that; the acceleration is 
to be attributed to this small quantity of acid bromide. 
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4. Halogen acids . It may be further suggested that the effect of 
halogen acids is due to traces of the acid halides present in equilibrium 
with the aliphatic acid, R‘C0 2 H + HX R*COX + H 2 0. The 
very different effects of halogen acids and acyl halides indicate that 
the quantity of acyl halide necessary to produce the observed 
velocity would be too small for detection, and the existence of such 
an equilibrium has never been demonstrated. It is not impossible, 
however, in view of the reversible nature of the hydrolysis of many 
inorganic chlorides, while it is suggested by reactions of the type 
R-C3ST + R/-C0 2 H + 2HC1 = R*C0*NH 2 ,HC1 + R'-COCl (Colson, 
Compt . rend., 1895, 121, 1155). An interpretation of this type is 
supported by the following facts : (a) the influence of halogen acids 
is specific, and not common to acids in general; (b) Lapworth 
(J., 1904, 85, 41) observed that a small quantity of water (which 
would displace the above equilibrium towards the left-hand side, 
thus reducing the concentration of acyl halide) reduced very con¬ 
siderably the speed of bromination, and this result has been 
confirmed by the author; (c) when varying amounts of the acid 
bromide (producing the above equilibrium) are added, there is a 
continuous increase in velocity as the amount of acid bromide 
becomes greater, and not a sudden increase at the point where the 
bromide is just in excess of the water (see Table VIII), whilst, on 
the other hand, addition of anhydride causes a sudden increase at 
this point (see Table IV); in the former case, therefore, a gradual 
increase in the amount rather than a sudden change in the nature 
of the catalyst is indicated. 

* The above suggestion, by postulating a similar mechanism in 
every case, brings into harmony all previous observations of the 
catalysed bromination of aliphatic acids. 

In ascribing the rapid bromination to an initial interaction of 
bromine with the acyl bromide, no hypothesis is at present put 
forward as to the stages of this reaction, but it is possible that the 
acyl bromide “ enolises ” or passes into an “ active ” state more 
readily and rapidly than the acid. In that case, the reaction would 
be the result of a rapid enolisation followed by a slow reaction with 
bromine, 


__ siow /jyv 

R-CHj/COBr—> R-CHBrC^Br^ 


R-CHBrCOBr + HBr 


(compare West, J., 1924,125,1282). In such a suggestion a-bromin- 
ation finds an easy explanation. 
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Experimental. 

The acetic acid used throughout the investigation, except where 
otherwise indicated, melted at 16*4° (H 2 0 = 0*1%). All specimens 
of Kahlbaum’s “ 100% acetic acid ” examined were completely free 
from impurities which react with bromine at the ordinary tempera¬ 
ture : in some cases, this acid melted at 16*4°, and was used without 
fractionation, while from specimens of lower melting point (16 — 
16*2°) good yields of acid melting at 16*4° were obtained by fractional 
distillation through an eight-pear still-head. Post-war acetic acids 
of British manufacture which were not stable to bromine at the 
ordinary temperature were purified by distillation from chromic 
anhydride (Orton and Bradfield, J., 1924, 125, 960) followed by 
fractionation. The propionic and -butyric acids were prepared 
by distillation of “ Kahlbaum ” acid, the fractions used boiling 
respectively at 140*8—141°/764 mm. and 162*2—162*37766 mm. 
Solutions of bromine in these acids showed no appreciable fall of 
thiosulphate titre after several days at 25°. The bromine was 
shaken three times with an equal volume of water, dried under con¬ 
centrated sulphuric acid, and finally separated and distilled from a 
little barium carbonate in an all-glass apparatus. 

The method employed in the velocity measurements was similar 
to that of Hell and Ureeh ( loc. cit.) and of Shaw ( loc. cit .). A 
reaction mixture was made up containing the aliphatic acid, bro¬ 
mine, and the catalyst in the desired proportions, the aliphatic acid 
always being in large excess. The thiosulphate titre of 2 c.c. was 
determined, and portions of 2 c.c. were then introduced into small 
tubes : the tubes were sealed immediately, and immersed in a bath 
of boiling water. At given intervals tubes were withdrawn, broken 
under aqueous potassium iodide, and the iodine was titrated against 
standard thiosulphate. The figures in the tables which follow refer 
to c.c. of N /10-thiosulphate : time is stated throughout in minutes. 

Catalytic Effect of Halogen Acids . 

Solutions of hydrogen bromide in the aliphatic acids were pre¬ 
pared by dropping aqueous hydrobromic acid {d 1*7) on to phosphorus 
pentoxide, and passing the evolved gas oyer moist red phosphorus*, 
then over phosphorus pentoxide, and finally into the aliphatic acid. 
The solutions of hydrogen chloride were obtained by dropping 
pure concentrated hydrochloric acid into pure concentrated sulphuric 
acid, and passing the gas liberated over calcium chloride and then 
into the aliphatic acid. The concentrations of the solutions were 
determined by precipitation as silver bromide or chloride, and the 
required volumes were introduced into different reaction mixtures. 
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Table I. 

Acetic Acid and Bromine. 

(6) CClj-COjH as 

(a) No .added catalyst. catalyst. 

[CC1 3 -C0 2 H] = 

i. II. III. 0-206ikf. 

Time. Titre. Time. Titre. Time. Titre. Time. Titre. 

0 18-70 0 9-48 0 5-20 0 9-40 

60 18-15 90 8-68 60 4-62 90 8-25 

120 17-35 180 6-82 120 3-75 180 6-90 

210 14-55 240 4-75 240 1-22 210 4-95 

270 10-00 270 3-48 300 0-48 240 3-60 

330 6-35 300 2-85 270 2-65 

480 0-72 330 2-10 300 1-88 

420 0-45 360 0-82 

(c) Hydrogen bromide as catalyst. 

I. II. III. 


Initial [HBr] = Initial [HBr] = Initial [HBr] = 

0-268.11. 0-26SM. 0-053.11. 



Time. 

Titre. 

Time. 

Titre. 

Time. 

Titre. 


0 

18*08 

0 

9-48 

0 

9-58 


15 

16-32 

10 

8-62 

10 

9-12 


30 

14-42 

15 

8-18 

20 

8*95 


45 

12-35 

30 

6-92 

40 

8-25 


60 

10-22 

40 

6-12 

SO 

6-55 


100 

5*72 

60 

4*78 

140 

3-75 


140 

3*25 

SO 

3-62 

200 

1-70 


180 

1-72 

100 

2-80 

260 

0-65 


230 

0-78 

120 

2-15 






140 

1-65 






160 

1-20 





(d) Hydrogen chloride as catalyst. 



I. 


II. 

III. 

IV. 

[HC1] 

= 0*317 JJ. 

[HC1] 

* 0-31731. 

[HC1] - 

0-063M. 

fHClJ * 1-7831. 

Time. 

Titre. 

Time. 

Titre. 

Time. 

Titre. 

Time. Titre. 

0 

17-18 

0 

9-92 

0 

10-02 

0 9-52 

10 

16-85 

15 

9-28 

15 

9-78 

20 8-05 

20 

16-45 

40 

8-38 

30 

9-50 

45 6*15 

50 

14-45 

75 

6-58 

60 

9-05 

90 3*48 

80 

13-22 

100 

5*22 

120 

7-55 

120 2-95 

110 

10-58 

120 

4-42 



230 0-68 

140 

8-98 

140 

3-40 




250 

2*55 

170 

2*20 






210 

1*28 






250 

0-70 






Effect of Acetic Anhydride . 



Acetic Acid and Bromine.-—(a,) Presence of acetic anhydride alone. 
The acetic anhydride was purified by redistillation through an 
eight-pear still-head, as described by Orton and Jones (J., 1912, 
101, 1720). Mixtures of acetic acid (m. p. 16-4°), bromine, and 
varying small quantities of the anhydride were made up, and the 
VOL. OXXVH. 4 a 
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Table II. 

Propionic Acid and Bromine. 

Values of h are calculated from the formula v = &[Br 2 ][HBr]*. If a be the 
initial concentration of hydrogen bromide, and b the initial concentration 
of bromine, this becomes v = k(b — x)(a + #)b which on integration 
gives, 


H — 

_ lY^Vb + a + 'Sa + x 

Vb 4* a 

4 Val 


Vb -j-a L Vb 4-« — 

Va + a 

Vb -f* « 

-Vo J 



(a) No added catalyst. 




I. 



n. 


Time. 

Titre. 

I*. 

Time. 

Titre. 

k. 

0 

16-70 

— 

0 

9-85 

— 

64 

15-78 

0-0113 

60 

9-60 

0-0116 

150 

14-32 

0*0082 

90 

9-32 

0-0105 

210 

12-92 

0-0077 

120 

9-05 

0-0093 

270 

9-70 

0-0088 

150 

8-78 

0-0104 

300 

7-98 

0*0094 

240 

7-40 

0-0092 

360 

* 4-28 

0*0112 

300 

6-52 

0-0089 

420 

2-62 

0-0116 

390 

3-95 

0-0106 

480 

1-12 

0-0131 

420 

3-52 

0-0106 




510 

1-40 

0*0128 


(b) Hydrogen bromide as catalyst. 



I. 



n. 


Initial [HBr] = 

0*0£42 M. 

Initial [HBr] — 

0-4455M. 

Time. 

Titre. 

k. 

Time. 

Titre. 

k. 

0 

10-22 

— 

0 

11*18 

— 

28 

9-55 

0-0107 

15 

9*95 

0*0107 

90 

8-35 

0-0087 

30 

8*65 

0*0119 

215 

4-55 

0*0112 

45 

7-45 

0*0126 

■ 270 

2-68 

0-0132 

60 

6-42 

0-0128 

330 

1-20 

0-0143 

75 

5-28 

0*0137 




90 

4*38 

0*0140 




105 

3-70 

0*0140 




125 

2*68 

0-0150 


HI. 



IV. 


Initial [HBr] — 

Q*8908Af. 

Initial [HBr] = 

= 2-21M . 

0 

11-00 

• — 

0 

10-75 

— 

15 

9-65 

0*0092 

33 

8*30 

0*0052 

30 

,8-32 

0-0096 

84 

5-35 

0*0056 

45 

6-95 

0-0105 

210 

1*75 

0*0059 

60 

5-80 

0-0107 




75 

4-98 

0-0107 




90 

4-00 

0-0115 




120 

2-80 

0-0111 




150 

1*75 

0*0094 




ISO 

1-25 

0-0114 





course of the bromination was followed as described above. In two 
experiments the anhydride was insufficient to react with the whole 
of the water present in the acid, whilst in the remaining three it 
was in excess. The results obtained are indicated in Tables IV 
andV. 
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Table III. 

w-Butyric Acid and Bromine. 

( a) No added catalyst. (6) Hydrogen bromide as catalyst. 

I. H. 

Initial [HBr] = Initial [HBr] = 

0-2738 M. 0-8215M. 


Time. 

Titre. 

Time. 

Titre. 

Time. 

Titre. 

0 

9-28 

0 

10*28 

0 

9*48 

60 

8*12 

15 

9*75 

10 

8*98 

180 

5*45 

30 

9*25 

20 

8*35 

240 

4*30 

60 

8*25 

30 

7*85 

300 

3*82 

120 

6*32 

60 

6*38 

360 

2*75 

240 

3*05 

90 

5*15 

420 

1*65 

390 

0*92 

120 

4*02 





150 

3*25 





180 

2*45 



Table IV. 






A. 

B. 

C. 

D. 

E* 

F. 

Grams Ac 2 0 added in 25 c.c. 

0 

0*0558 

0*1104 

0*1637 

0*2334 

0*2732 

% water remaining after 
hydrolysis of Ac 2 0 . 

0*10 

0*062 

0*025 

0 

0 

0 

Cone, of Ac 2 0 in excess of 
water .. 

0 

0 

0 

0*007 

0*03 

0*05 M 

Initial titre (N/ 10-Na 2 S 2 O 3 ) 

9*48 

9*42 

9*45 

9*45 

9*45 

9-25 

Fall of titre in 20 mins.. 

0*05 

0*15 

0*20 

1*50 

4*03 

6-97 § 

Fall of titre in 45 mins. ...... 

0*25 

0*45 

0*48 

5*90 

8*15 

9*05 


Table Y. 



Values of h x = 

A 

h—h 

log,. — 1 for reactions E and F above. 

(X 


E. 



F. 



F'. 


[AcoO] = 0*031kf. 

[Ac,0] = 0-05111. 

[Ac 2 0] « O-OSlkf. 


t x = 15. 



t x = 10. 



t x = 10. 


Time. 

Titre. 

*1- 

Time, 

. Titre. 

V 

Time. 

Titre. 


0 

9*45 


0 

9*25 


0 

13*75 


5 

9*25 


5 

9*15 


5 

13*40 


10 

8*62 


10 

6*98 


10 

9*92 


15 

7*08 


15 

4*20 

0*101 

15 

5*20 

0*129 

20 

5*42 

0*053 

20 

2*28 

0*112 

20 

3*05 

0*118 

25 

zm 

0*057 

25 

1*42 

0*106 

25 

2*05 

0*104 

30 

3*32 

0*051 

30 

0*85 

0*106 

30 

1*35 

0-100 

35 

2*28 

0*056 

35 

0*58 

0*100 

40 

0*63 

0-091 

40 

1*75 

0*055 







45 

1*30 

0*056 







55 

1*02 

0*048 








Mean 0-054 


Mean 0*105 


Mean 0*106 


4 a2 
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(b) Presence of acetic anhydride and hydrogen bromide in conjunction. 

Table VI. 

[Ac 2 0] = O-Ooikf. (Compare F and F', Table V.) 

Values of h x = Ijt . log«<z/o — x. 

i. n, in. 


[HBr] » 0-1065M. [HBr] 5= 0*2683 M. [HBr] = 1-3M. 


Time. 

Titre. 


Time. 

Titre. 

*i* 

Time. 

Titre. 

K 

0 

13*68 


0 

13*40 


0 

13*95 


5 

S*9S 

0*076 

15 

5*15 

0*064 

10 

12*12 

0*014 

7 

8*15 

0*074 

25 

2*95 

0*060 

20 

10*10 

0*016 

10 

6*25 

0*078 

35 

1*78 

0*057 

30 

8*62 

0*016 

15 

4*32 

0*077 

45 

M0 

0*056 

50 

6*05 

0*017 

30 

1*65 

0*071 

55 

0*70 

0*054 

90 

3*15 

0*016 


50 0*58 0*063 

Mean 0*073 Mean 0*058 Mean 0*0X6 

(c) Presence of acetic anhydride and hydrogen chloride in conjunction. 

Table VII. 

[Ae 2 0] = 0*Q5M. (Compare F and F', Table V.) 

Values of log, -——. U = 10 mins. 

A - t. 00 ft —. Q* 1 


[SCI] 

= 0-3171T. 



[Ha] = 1-57M. 

Time. 

Titre. 

K 

Time. 

Titre. k x . 

0 

13*35 


0 

14*20 

5 

12*38 


5 

12*40 

10 

10*48 


10 

10*55 

15 

8*25 

0*047 

20 

6*92 0*042 

20 

6*25 

0*051 

30 

4*48 0*043 

30 

3*80 

0*051 

45 

2*10 0*046 


Mean 0*050 


Mean 0*044 


Effect of Acetyl Bromide . 

The acetyl bromide was purified from dissolved halogen acid by 
bubbling dried air through the liquid under reduced pressure, and 
then fractionally distilled. Reaction mixtures of acetic acid, bro¬ 
mine, and varying small quantities of the acid bromide were made 
up and treated as before. The results are indicated in Tables VIII 
and IX. 

Table VTII. 



A. 

B. 

C. 

E>. 

Grams AcBr added in 25 c.e. . 

0*0892 

0*1518 

0*2157 

0*3212 

% water remaining after hydrolysis of 
AnBr..... 

0*050 

0*014 

0 

0 

Octoe. of AcBr in excess of water .. 

0 

0 

trace 

0*047 

[HBr] formed by hydrolysis of AcBr ... 

0-029M 

0-049M 

0-058M 

0-058M 

Initial titre (2f/10-Na,S,O a ) .. 

9*35 

9*32 

9*38 

9*55 

Fall of titre in 20 mins.... 

0*35 

0*82 

2*25 

6*90 

Fall of titre in 30 mins...................... 

0*70 

1*42 

3*20 

8*00 
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Table IX. 

Values of k x = l/t . log* a/a — % for reaction D above. 

[AcBr] = 0*047ikf. 

Time 0 5 8 10 15 20 30 

Titre 9-55 6*95 5-65 4-92 3-60 2-65 1*55 Mean 

k x ... 0*064 0*064 0*066 0*065 0*063 0*061 0*064 

Comparison of Effects of Different Acid Bromides . 

Pure acetyl bromide was obtained as already described. Propi- 
onyl, benzoyl, and bromoacetyl bromides were prepared by treatment 
of propionic, benzoic, and acetic acids respectively with the required 
quantities of red phosphorus and bromine. The product was dis¬ 
tilled from the phosphorus compounds under reduced pressure, 
and finally fractionated at ordinary pressure (compare Claisen, Ber. } 
1881, 14, 2473; Auwers and Bernhardt, Ber., 1891, 24, 2219). 
Reaction mixtures containing acetic or propionic acid (in large 
excess), bromine, and equivalent quantities of the different acid 
bromides were made up, and the reaction at 100° followed as before. 


Table X. 

Acetic Acid and Bromine, 

M. p. of acetic acid 16*48° (% H 2 0 = 0*06). 

Values of = l ft . log* a/a — x. * 

CH s *COBr = CH 3 -CH 2 -COBr = C 6 H 6 *COBr = CH 2 Br*COBr = 
0-0745M. 0-0745M. 0*0745ikf. 0*0727AT. 


Time. Titre. k t . Time. Titre. k x . Time. Titre. lc v 


0 9*10 0 

3 6*92 0*092 3 

6 4*95 0*101 6 

9 3*68 0*100 9 

12 2*88 0*096 12 

15 2*15 0*096 15 

20 1*38 0*094 20 

25 0*95 0*089 25 


8*98 0 

6*88 0*089 3 

4*75 0*105 6 

3*40 0*107 9 

2*58 0*104 12 
1*92 0*102 15 
1*22 0*100 20 
0*75 0*099 25 


q.oq 

7-00 0-098 
4-78 0-112 
3-52 0-109 
2-68 0-104 
2-15 0-098 
1-33 0-097 
0-92 0-092 


Mean 0*096 


Mean 0*101 Mean 0*101 


Time. Titre. k t 

0 9*25 

3 7*18 0*085 

6 5-25 0*094 

9 3*82 0*098 

12 2*95 0*095 

15 2*35 0*091 

20 1*62 0*087 


Mean 0*092 



CH s -COBr = 

CH S 

•OHVCOBr = 


C 4 H 5 -COBr 

S=5 


0*0527 M. 


0-0527AT. 



0-0527J4'. 


Time. 

Titre. k v 

Time. 

. Titre. 


Time. Titre. 

k v 

0 

9*35 

0 

8-05 


0 

9*18 


5 

6*68 0*067 

5 

5-52 

0*075 

5 

6*32 

0*074 

10 

4*58 0*072 

10 

3-62 

0*080 

10 

4*78 

0*065 

15 

3-15 0*073 

15 

2*42 

0*080 

15 

2*85 

0*077 

20 

2*35 0*069 

20 

1*65 

0*078 

20 

2*00 

0*076 

25 

1*75 0*067 

25 

1*18 

0*077 

25 

1*52 

0-072 

30 

1*25 0*067 

30 

0*80 

0*076 

30 

M2 

0*070 

35 

0*95 0*065 

35 

0*55 

0*076 

35 

0*80 

0-069 


Mean 0*069 


Mean 0*077 


Mean 0-072 
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Summary of Table S. 


Catalyst. 

0 . 

^i* 

*1 10. 

C . 


JcJC. 

CH 8 *COBr 

0-0745 

0-096 

1*29 

0*0527 

0-069 

1*31 

CH 8 *CH 2 *COBr 

0*0745 

0-101 

1-35 

0-0527 

0*077 

1*46 

C e H s -COBr 

CH 2 Br*COBr 

0*0745 

0-0727 

0*101 

0-092 

1*35 

1-27 

0-0527 

0*072 

1*37 



Table XI. 





Propionic Acid and Bromine. 
Values of Jc 2 = 1 jt . log, a/a — x. 
Equivalent quantities of acid bromides present. 



CH 3 *COBr. 

CH a 

;*CH a *COBr. 


C e H 5 *COBr. 

Time. 

Titre. 

k v 

Time. 

Titre. 


Time. 

Titre. 

k v 

0 

9*30 


0 

8*62 


0 

8*65 


5 

7-95 

0*032 

10 

6-52 

0-028 

5 

7*22 

0-036 

10 

7*20 

0*026 

15 

5*75 

0-027 

10 

6*38 

0-031 

15 

6*20 

0-027 

20 

4*82 

0-029 

15 

5*15 

0-034 

25 

4*72 

0-027 

25 

4*32 

0-028 

20 

4-65 

0*031 

45 

2-18 

0-032 

30 

3-72 

0-028 

30 

3-40 

0-031 




35 

2-72 

0-032 





Mean 0*029 


Mean 0-029 


Mean 0-033 


Comparison of Effects of Acetyl and Benzoyl Chlorides. 

The acid chlorides were purified by fractional distillation, and 
the reaction of acetic acid and bromine in presence of equivalent 
quantities of each was followed as before. M. p. of acetic acid 
16*4° (H a O = 0*1%). 

Table XII. 


Values of h 1 = J —i— . log, --— , U = 6 mins. 

^3 — a — x z 


CH 3 - 

COC1 - 

0-05ILT. 

c 6 h 5 - 

COC1 = 

= 0-05M. 

Time. 

Titre. 


Time. 

Titre. 


0 

9-38 


0 

9*68 


3 

8-62 


3 

9-35 


6 

6-98 


6 

8*08 


9 

5-05 

0*108 

9 

6*18 

0*088 

12 

3*58 

0*111 

12 

4*82 

0-086 

15 

2*58 

0*111 

15 

3*50 

0*092 

20 

1*50 

0*110 

20 

2-08 

0-096 

25 

0*08 

0-105 

25 

1*38 

0*092 

30 

0*62 

0-101 

30 

0*92 

0*090 



Mean 0*108 



Mean 0*090 
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fessor Orton, F.R.S., who suggested the subject, for his advice and 
criticism during the progress of the research. The expense of the 
research was in part defrayed by a grant from the Chemical Society 
Research Pond, for which the author desires to tender his thanks. 
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CCLXXXIII .—Homologues of 2:2 '-Diquinolyh 

By Edward John Venn Conolly. 

2 : 2'-Diqdinolyl was prepared by Weidel (Monatsh., 1881, 2, 
491; 1886, 7, 327) by the action of sodium on quinoline, and its 
constitution proved by Weidel and Strache (ibid., 1886, 7, 306) 
from a study of its oxidation products. The preparation of homo¬ 
logues from 6-, 7-, and 8-methylquinolines is described below. 
During this work several instances of steric hindrance were observed. 
Thus, under the conditions stated below, good yields of the corre¬ 
sponding diquinolyls (I) and (II) were obtained from 6- and 7-methyl- 
quinolines, but the yield from 8-methylquinoline was very small ; 
the substitution of potassium for sodium did not materially alter 
the results. The proximity of the methyl group to the nitrogen 
atom in the pyridine ring therefore seems to hinder the union of 
the two quinolyl nuclei. Also an ethiodide of 8 : 8'-dimethyl- 
2 :2'-diquinolyl (III) could not be obtained even at 180°, possibly 
because the tertiary nitrogen atoms are practically “ di-ortho- 
substituted.” 



While attempting to prove the constitution of the diquinolyls 
by a Eittig-Wurtz synthesis, the method of Tsehitschibabin (Ber., 
1923, 56,1879) was used for the preparation of 6-methylcarbostyril. 

Experimental. 

6 : &-Dimethyl-2 : 2'-diquinolyl (I).—6-Methylquinoline (70 g.) 
and sodium (7 g.) in small pieces were heated together at about 
100° during 2 hours and then at 150—160° during 7 to 8 hours. 
The dark brown, extremely viscous product, which solidified when 
cooled, was triturated with dry ether; sodium was removed by 
means of a fine sieve, and the ethereal solution filtered. The light 
brown residue of crude dimethyldiquinolyl (yield 37 g.) was ex¬ 
tracted once mth alcohol (100 c.c.), which removed most of the 
dark coloured impurities, and the light yellow residue was then 
repeatedly crystallised from benzene, until constant in melting 
point. 
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The ethereal filtrate obtained above was evaporated and the 
oily product distilled up to 160°/20 mm.; the dark red residue, 
which gradually solidified, when recrystallised from benzene gave 
a further small yield of the dimethyldiquinolyl. 

6 : ^-Dimethyl- 2 : 2'-diquinolyl crystallises from benzene in small, 
colourless needles, m. p. 202-5—203° (Found : C, 84*6; H, 5-8; 
M, in camphor by East’s method, 279. C 20 H 16 N 2 requires 0, 84*5; 
H, 5-6%; M 9 284). It is moderately soluble in acetone, alcohol, 
or light petroleum and very soluble in chloroform. It is readily 
soluble in hot benzene or toluene, less soluble in the cold. 

The hydrochloride crystallises from hot water in very minute 
needles. The picrate, obtained from the base and picric acid in 
alcoholic solution, is practically insoluble in acetone, benzene, or 
chloroform, but fairly soluble in glacial acetic acid, from which it 
crystallises in small, yellow needles, m. p. 282—283° (decomp.). 
The ethiodide, C 2 oH 16 N 2 ,C 2 H 5 I, prepared by heating the base with 
excess of ethyl iodide in a sealed tube at 150° for li hours, crystal¬ 
lised from much alcohol in sparkling needles, m. p. 277—278° 
(decomp.; darkening at 275°) (Found : I, 28*2. C 20 H 16 N 2 ,C 2 H 5 I 
requires I, 28*9%). 

7 : 1'-Dimethyh2 : 2' -diquinolyl (II).—7-Methylquinoline (38 g.) 
and sodium (4 g.) were heated together, and the product was 
treated with ether, as described above. The brown residue was 
recrystallised several times from aqueous acetone to remove tarry 
impurities and finally from carbon tetrachloride. 7 : I'-Dimethyl- 
2 : 2*-diquinolyl was thus obtained in tufts of colourless needles, 
m. p. 208—209° (Found: C, 84*0; H, 5*8%). It is soluble in 
alcohol, acetone, chloroform, ethyl acetate, or carbon tetrachloride, 
hut crystallises best from the last-named. 

The picrate crystallises from alcohol in slender, yellow needles, 
m. p. 285—286° (decomp.; darkening at 284°). The ethiodide , 
obtained by heating the base with ethyl iodide at 130° in a sealed 
tube for 1 hour, crystallises from alcohol in clusters of golden- 
yellow needles, m. p. 274—275° (decomp.). 

8 : 8 l -Dimethyl-2 : 2'-diquinolyl (HE).—8-Methylquinoline (50 g.) 
and sodium (4 g.) were heated together under the conditions pre¬ 
viously described, but little, if any, diquinolyl was formed; the 
heating was therefore continued at 150—160° during a further 
24 hours. The very viscous, dark brown mass was treated as in 
the previous cases, the ether evaporated, and the oily product 
dfetilted up to 160°/20 mm. The residue, which set to a hard, 
resinous mass when cold, was dissolved in acetone, and water added 
until a turbidity ensued; in the course of 3 or 4 days, crystals 
embedded in resinous matter separated. These were freed from resin 
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by w ashing them with acetone, crystallised again from acetone, and 
fractionally crystallised from carbon tetrachloride (yield very poor). 

8 : 8' -Dimethyl-2 : 2 '-diquinolyl forms tufts of colourless needles, 
m. p. 147—147*5° (Found: C, 84*0; H, 5*6%; M, in camphor, 
290). It is soluble in benzene, chloroform, alcohol, or ethyl acetate, 
and crystallises readily from ethyl bromide or ethyl iodide. 

The picrate, precipitated on mixing alcoholic solutions of the 
base and picric acid, crystallises from ethyl acetate in yellow 
needles, m. p. 264—265° after darkening at 258°. 

2-Hydroxy-8-metJiylquinoline .—When an intimate mixture of 
finely powdered, freshly fused potassium hydroxide (40 g.) and 
6-methylquinoline (44 g.) was heated at 250°, hydrogen was evolved 
in the theoretical quantity. The cooled reaction mixture was 
dissolved in water, the solution filtered if necessary, and the crude 
methylcarbostyril precipitated by the addition of dilute hydro¬ 
chloric acid. Reerystallised from hot water, it formed long, yellow 
needles, m. p. 225—230°, and therefore was still impure. On 
heating at 12 mm., it began to sublime at 50° and passed over at 
240—241°; the colourless distillate crystallised from alcohol in 
monoclinic prisms, m. p. 232—233° (Einhorn and Lauch, Annalen , 
1888, 243, 359, give m. p. 228°) (Found : 0, 75*6; H, 5*7. Calc., 
C, 75*5; H, 5-7%). 

2-BromoS-methylqainoline. —6-Methylcarbostyril (14 g.) and phos¬ 
phorus tribromide (30 c.c.) were heated together on the water- 
bath during 3 hours and the solution was then gently boiled during 
a further \ hour. The liquid was poured into water and the 2-bromo- 
6-methylquinoline distilled in steam; it separated from the dis¬ 
tillate in long, colourless needles (yield 5*3 g.) and from alcohol in 
long, faintly yellow needles, m. p. 117—118° (Fischer and Guthmann, 
J . pr . Chem., 1916, 93, 378, give m. p. 126°) (Found: Br, 36*2. 
Calc., Br, 36*0%). 

The picrate , obtained from boiling alcoholic solution, crystallised 
from alcohol in glistening, golden needles, m. p. 140*5°. The 
ethiodide, C 10 H 8 NBr,CaH 5 I, prepared by heating the base with 
excess of ethyl iodide in a sealed tube at 130° during 1 hour, crystal¬ 
lised from ethyl acetate in yellow prisms, m. p. 110—111°. 

Attempts to synthesise 6 : 6'-dimethyl-2 : 2'-diquinolyl from 
2-bromo-6-methylquinoline by the Fittig-Wurtz reaction and by 
the use of Grignard reagents were unsuccessful. 

The author is indebted to Professor F. S. Kipping, F.R.S,, for his 
interest in this work, and to the Department of Scientific and 
Industrial Research for a maintenance grant. 

Dnivehsity College, Nottingham. [j Received, June 24 th, 1925.] 
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CCLXXXIV .—The Thermal Decomposition of Ozone. 

By Robert Owen Griffith and Andrew McKeown. 

In an investigation of the reaction between ozone and hydrogen 
at 100 °, the results of which will shortly be published, it was neces¬ 
sary to compare the intrinsic rate of the reaction 20 3 —30 2 , which 
occurs simultaneously with the reaction H 2 + 0 3 —> H 2 0 + O 25 
with the velocity of deozonisation in the absence of hydrogen. 
Several determinations of the rate of thermal decomposition of 
ozone have already been published, the most important being 
those of Warburg (Ann. Physik, 1902, 9, 1286), Clement (ibid., 
1904, 14, 342), Jahn (Z. anorg. Chem 1906, 48, 260), Perman 
and Greaves (,Proc. Roy. Soc., 1908, A, 80, 353), Chapman and 
Clarke (J,, 1908, 93, 1638), and Chapman and Jones (J., 1910, 
97, 2463). There is general agreement between these authors 
that the decomposition of ozone, allowed to proceed in clean glass 
vessels at temperatures up to 150°, is apparently of the second 
order, a much better bimolecular than unimoleeular constant 
being obtained, and there is also agreement as regards the order 
of magnitude of the bimolecular velocity coefficient at a common 
temperature, e.g., 100°. There is conflict of opinion, however, 
regarding (a) the nature of the reaction, whether it is essentially 
homogeneous or heterogeneous, (b) the effect of pressure on the 
reaction velocity, and (c) the effect of addition of inert gases such 
as nitrogen. Chapman and Clarke believe that the reaction is 
practically a homogeneous one, while Perman and Greaves con¬ 
sider that their results indicate the surface of the containing vessel 
to be the main seat of the change. The present work was not 
undertaken for the purpose of deciding this point experimentally; 
our attention has been mainly confined to the effect of addition 
of other gases and variation of the partial pressure of oxygen on 
the velocity. 

Jahn (Joe. cit.) found that the velocity of deozonisation in mixtures 
of ozone and oxygen is inversely proportional to the partial pressure 
of the latter gas, while Perman and Greaves also found an increased 
velocity on diminishing the pressure of oxygen, although the effect 
was less than that obtained by Jahn. On the other hand, Chapman 
and Jones state that variation in the partial pressure of oxygen in 
ozonised oxygen is unattended by appreciable change in the 
velocity of deozonisation. The latter investigators were also unable 
to detect any effect due to admixture with nitrogen, although this 
was found by jahn and by Perman and Greaves to increase the 
rate of decomposition of ozone. 
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In view of these discrepancies and also as the results would be 
of interest for comparison with corresponding velocity data for 
this reaction in the presence of hydrogen, experiments on the rate 
of deozonisation at 100° in ozonised oxygen at various pressures 
and in mix tures of ozonised oxygen with helium, with argon, with 
nitrogen, and with carbon dioxide have been carried out. 

Experimental 

The velocity of deozonisation was measured by the static method, 
the difference in pressure between the reaction tube and a com¬ 
pensator tube, containing air and maintained at the same tem¬ 
perature, being registered by a manometer containing concentrated 
sulphuric acid. 

The apparatus and experimental methods employed were those 
of Griffith and Shutt and of Griffith and Mac Willie (J., 1923, 123, 
2752, 2767) suitably modified; the materials used in this work are 
also described in the same papers. 

All the experiments were carried out at approximately 100°. 

The reaction was followed for 2 to 3 hours, after which the reac¬ 
tion and compensator tubes were quickly cooled to room tem¬ 
perature * and the residual ozone was determined analytically. 
From the amount of ozone thus found, one could calculate the 
pressure increase which has to be &dded to the last pressure differ¬ 
ence obtained at 100° to give the value of , the pressure reading 
which would have been observed had the reaction gone to completion. 

If 0 1 == room temperature,* 0 2 = temperature of the steam, 
p = pressure increase required (expressed in mm. H 2 S0 4 ), v = com¬ 
mon volume of reaction and compensator tubes in c.c., z — number 
of gram-molecules of residual ozone in reaction tube, itq x = total 
pressure at the temperature 0 l in the reaction tube expressed in 
mm. H 2 S0 4 , and y = volume of the manometer tubing in c.c. per 
mm., then it may be shown that 

p *= z X 380 x 13*59 X 22412 x (273 + 6 X ) X 22/(1*84 x 273 X v X «). 

Here ct = (1 + yrr^jv (compare Griffith and Shutt, Zoo. cit p. 2756) 
and R is a factor the value of which would have been equal to the 
ratio of the absolute temperatures 273 + 0 2 and 273 + $ l9 had 
there been no "dead” space at the higher temperature 0 2 , and 
had there been no alteration in the effective volumes of the reac¬ 
tion and compensator tubes owing to the motion of the mano- 
metric liquid. The value of R was determined experimentally; 

* In reality, the temperature of the town water supply* The value of 
9 X for each experiment is not given in the tables. The mean value for the 
experiments given in Tables III and IV was 8°. 

4 A* 2 ' . ' " 
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it depends on the ratio of “ dead ” space to volume of reaction 
tube arid also on the total pressure; the values found are given in 
the tables. 

Values of the bimolecular velocity coefficients (i? Qb J were calcul¬ 
ated from 

, 1 f 1 _ 1 V 

**■ 4 — 4 W —n —Pi)' 

and p 2 being the observed manometric differences at the tem¬ 
perature $ 2 at times t x and £ 2 > respectively (time in minutes). 

The coefficients were calculated in all cases between successive 
time readings, this method being the one best suited to show the 
magnitude of any ” trend 99 in the constants. 

From the values of the absolute values (k a ) of the coefficients 
in the units litres/moles-minutes were calculated from the equation 

A = hu. x ~ X (273 + A) x 380 X X 0 08207. 

Four reaction tubes were employed.* 

Tube A : of German glass, 42 cm. long and approximately 2 cm. 
in diameter; volume = 126*5 e.c.; containing 2*0 c.c. of con¬ 
centrated sulphuric acid spread along its entire length. 

Tube B: of German glass, 41 cm. long, 2 cm. in diameter; 
volume = 125*0 c.c.; containing 3*0 c.c. of concentrated sulphuric 
acid spread along its entire length. 

Tube O: of glass of unknown origin, 31 cm. long, approximately 
2*6 cm. in diameter; volume = 153*8 c.c. 

Tube D: of English glass, length = 39 cm., diameter = 2*2 
cm.; volume = 156*6 c.c. 

Most of the experiments were carried out with tube D. Only 
a few experiments could be carried out with tube A before it cracked, 
while tube C, though apparently its inner surface was as carefully 
cleaned as that of the others, gave far higher velocity coefficients 
and probably contained a trace of some catalytic material. The 
results of the three experiments performed with this tube are 
included in the table of results for comparison. 

The velocity of deozonisation was determined at 100° with 
ozonised oxygen under pressures of approximately 330, 540/760 
and 1000 mm. of mercury. Experiments were also carried out 
at the same temperature, employing mixtures in various propor- 
,iio®a of ozonised oxygen with helium, with argon, with nitrogen 

* A few preliminary experiments were carried out in a fifth tube. The 
results (not here presented)agreed well with those obtained with Tubes A, 
B, and D. 
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and with carbon dioxide. The total pressure in these oases was 
either 760 or 1000 mm. 

The reaction does not follow a strictly bimolecular course, there 
being a tendency for the second-order coefficients to increase with 
time, ix., with diminishing concentration of ozone. This increase, 
however, is small in ozonised oxygen mixtures under the highest 
pressures employed, but becomes rather more marked when the 
total pressure is reduced. In the presence of excess of any one 
of the four diluent gases investigated and when the total pressure 
was 1000 mm. of mercury, no sensible rise in the coefficient with 
time was observed. 

Tables I, II, III, and IV summarise the results. Tables I and II 
relate to preliminary experiments carried out employing tubes 
A, B, and C, Tables III and IV to the final series, all the 
experiments in which were obtained with the same reaction tube D. 
In these tables, Ph = total initial pressure of reaction mixture in 
mm. of mercury at the temperature 0 2 ; — sum of initial 

partial pressures of oxygen and ozone, which may be taken as the 
mean partial pressure of oxygen during the experiment; and 
p x Bm =* partial pressure of the added gas. The values given under 
£ obs . are the highest and lowest values obtained for this bimolecular 
coefficient; is the weighted mean value of & obs> , k™ is the 
absolute value corresponding to and jfcy (corr.) is this absolute 
value corrected to a uniform temperature of 100°, using the figure 
2*5 obtained by Warburg (loc. cit.) for the temperature coefficient 
of the reaction. The assumption here made, that this temperature 
coefficient is independent of the total pressure and composition of 
the gas mixture, can lead to no serious error, since in no case 
does the temperature of observation deviate from 100° by more 
than 1-2°. 


Table I. 

Ozone-Oxygen Mixtures . 


No. of 
expt. 

Tub©. 


Ps,. 

a. 

P. 

&obs. X 10*. 

r m 

A^obs. 

xio*. 

«r. 

ht 

(corr.). 

5 

A 

99*5 

752 

1*123 

1*210 

1*10—1*37 

1*20 

8-57 

8*98 

6 

A 

99-4 

743 

1-121 


1*15—1-45 

1*28 

9*14 

9*67 

7 

A 

99-7 

750 

1-123 

» 

1-12—-1-45 

1*27 

9*06 

9*33 

8 

A 

100-15 

754 

1-123 

' -99 

1*15—1-45 

1*34 

9-60 

9*47 

9 

A 

99-9 

757 

1-124 

99 

1-15—1*60 

1-28 

9-13 

9*22 

10 

B 

99*9 

762 

1-124 

1-214 

1-29—1*64 

1*38 

0-67 

9*76 

11 

B 

99-8 

758 

1-124 

99 

1*20—1*56 

1-34 

9-39 

9*57 

13 

B 

100-2 

768 

1-125 

99 

1.29—1*56 

1-41 

10-0 

9*82 

16 

B 

99-15 

743 

1-121 

99 

1*18—1*47 

1*29 

9-12 

9*86 

20 

B 

100-0 

1003 

1-162 

1-196 

1*03—1*45 

1-16 

,7*77 

7*77 

21 

0 

100-2. 

766 

1-100 

1-246 

253—5-40 



22 

C 

100-1 

763 

1-100 

99 

2-18—3-86 

, ■ 

, 


23 

C 

100-2 

775 

1-101 

99 

1-84—2-62 

— 

: 

■ $*&*■*:■* 
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Table II. 

Mixtures of Ozonised Oxygen with Helium, Argon, and Nitrogen . 


No. 

nf 









r .»» 
K obs. 



expt. Tube 

, Addition. 

e z . 

p e* 


4- 

a. R, 

X'obs. X 10 4 . 

xlO 4 . 

C* 

(corr.) 

14 

B 

Argon 

100-15 

768 

461 

307 

1-125 1*214 

2-10—2-70 

2-25 

15*9 

15-7 

17 

B 

99-4 

746 

435 

311 

1-121 „ 

1-75—2-30 

1-99 

14-2 

15-0 

15 

B 

Nitrogen 

99-6 

749 

414 

335 

1-121 „ 

2-06—2-68 

2*33 

16*5 

17*1 

18 

B 

Helinm 

99-8 

755 

440 

315 

1-123 „ 

1-91—2-48 

2-20 

15-6 

15-8 

19 

B 


100-2 

767 

447 

320 

1-124 „ 

2-02—2-81 

2*42 

17-0 

16-7 


Table III. 

Ozone-Oxygen Mixtures . Tube D. 


No. of 
expt. 

e 2 . 

Per 

a. 

R. 

A'ob fi . X 10 4 . 

7-»i 

^obs. 

X 10*. 

K- 

(corr.) 

41 

99*7 

335 

1*044 

1*288 

1*84—2-61 

1*90 

15*1 

15*6 

47 

99*8 

335 

1*044 

» 

2*10—2*58 

2*15 

17*1 

17*4 

33 

100*3 

529 

1-069 

1-269 

1-63—2-10 

1*70 

13*0 

12*6 

46 

99-4 

540 

1*071 

» 

1-46—2-03 

1-51 

11*5 

12*2 

34 

100*0 

559 

1*073 


1-68—2-12 

1-75 

13*4 

13*4 

24 

100*1 

766 

1-101 

1-243 

1-34—1*47 

1*40 

10*2 

10-1 

25 

100*0 

755 

1*100 

99 

1*30-1-62 

1*37 

10-0 

10*0 

26 

99*9 

759 

1-100 

99 

1-40—1-63 

1-44 

10*5 

10-6 

29 

99*8 

752 

1-099 


1-42—1-75 

1-50 

10-9 

11*1 

36 

99*9 

753 

1-099 

99 

1-35—1-80 

1*40 

10-2 

10-3 

31 

100*0 

1015 

1-133 

1*220 

1-15—1-38 

1*20 

8*33 

8*33 

32 

100*2 

1021 

1*133 

9t 

1-22—1-37 

1*23 

8-52 

S*37 


Table IV. 

Mixtures of Ozonised Oxygen with Helium, Argon, Nitrogen, 
and Carbon Dioxide . Tube D. 


No. of 
expt. 

Addition. 

# a . 

Pdr 

< 

A' 

a. 

R. 

7;obs- x 10 4 . 

T. W 

*ob8. 

xio 4 . 


c 

(corr.). 

39 

Nitrogen 

99*8 

1003 

334 

069 

1-133 

1*220 

3-32—3-68 

3-46 

24*1 

24-6 

44 

Helium 

99-0 

976 

325 

651 

1-12S 


2-56—3-35 

2-91 

20-3 

22-3 

45 


99-0 

974 

325 

649 

1-128 


2-72-3-15 

2-86 

19-0 

21-9 

49 

»» 

99-8 

1005 

335 

670 

1-133 

»> 

2-87—3-18 

3-00 

20-8 

21-2 

42 

Argon 

99-4 

993 

331 

662 

1-132 


3-40—4*46 

3-94 

27-4 

29-0 

43 


99-3 

984 

328 

656 

1-130 


3-48—4-00 

3-73 

26-0 

27-8 

48 

cd’j 

99*9 

1012 

337 

675 

1-133 


3-90—4-40 

4-11 

28-5 

28-8 

40 

99-9 

1004 

335 

669 

1-133 

if 

3*29—3*76 

3-48 

24-2 

24*4 

37 

Nitrogen 

100-2 

1016 

762 

254 

1-133 

1-220 

1*57-1-91 

1*65 

11-4 

11-2 

38 

Helium 

100-3 

1026 

770 

256 

1-134 

.» 

1*51-2-27 

1-57 

10-9 

10*6 

27 

Helinm 

99-7 

751 

441 

310 

1-100 

1-243 

2*17—2-45 

2-30 

16-8 

17-3 

28 

Nitrogen 

99-7 

750 

456 

294 

1-100 

99 

2-01—2-63 

2*15 

15*8 

16-2 

35 

CQ* 

99-6 

754 

440 

314 

1-100 

99 

2*22-2-53 

2-35 

17-7 

17-7 

SO 

Nitrogen 

100*3 

766 

519 

247 

1-101 

1*243 

2-10—2-62 

2-20 

16-0 

15-5 

The velocity of deozonisation 

in ozonised oxygen obtained with 


<-> - - 

ttib© C (Table I, experiments 21—23) is muck higher than that 
found employing any of the other tubes with the reaction mixture 
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at the same total pressure of 760 mm.; also the relative increase 
in the coefficient as the reaction proceeds is greater. Experiments 
21—23 were carried out in the order given and it is of interest to 
note that the catalytic material of unknown nature present on 
the surface of the tube was gradually being rendered less active, 
as evidenced by the progressive fall in the velocity coefficients; 
possibly, had work with this tube been continued, the constant 
Khz. would eventually have fallen to the value obtaining in the 
other tubes. In connexion with this change of catalytic activity 
of the surface of the reaction vessel, a somewhat analogous effect 
was observed with tube D. After the experiments given in Tables 
III and IV had been completed, a fresh series carried out in the 
same tube (D) gave uniformly smaller coefficients than those 
recorded in Tables III and IV. Table V summarises a few of these 
experiments. The constants are now of the order of 10% less than 
those previously obtained under analogous conditions. 


Table V. 
Tube D. 


No. of 
expt. 

Addition. 

*» 

Pe,. 

>£• 


a. 

JR. 

fobs. xlO 4 . 

fobs. 

xl0«. 


r.'n 

Ki 

(corr.). 

54 

. _ 

98-85 

758 

758 


1-100 

1-248 

1*08—1*28 

1-12 

8*11 

9-04 

55 

— , 

100-5 

1029 1029 

— 

1*134 

1-220 

1*11—1*21 

1*16 

8-03 

7-66 

56 

— 

100-3 

335 

335 

. — 

1-104 

1-288 

1-78—2-52 

1*98 

15-7 

15*2 

50 

Argon 

99-35 

993 

745 

248 

1-130 

1-220 

1-52—1*80 

1*54 

10-7 

11-4 

51 

Nitrogen 

99*0 

984 

738 

246 

1*129 


1-24—1-53 

1-32 

9-16 

10-1 

52 

Helium 

99*0 

976 

734 

245 

1-129 

W 

1-21—1*57 

1*27 

8-85 

9-75 

58 

Argon 

Helium 

99-8 

1006 

405 

601 

1-182 

1*220 

2-96—3*90 

3-11 

21-6 

22-0 

57 

100*0 

1015 

409 

606 

1-133 


2*24—2*89 

2*44 

170 

17-0 


The coefficients obtained with tubes A and B containing sul¬ 
phuric acid (Tables I and II) are only slightly lower than those 
obtained under identical conditions of pressure and composition 
of gas mixture in tube D, which contained no sulphuric acid (Tables 
III and IV). Since the catalytic effect of the glass surfaces of 
tubes A and B might have differed from that of D, a few experi¬ 
ments were carried out with tube D to test the effect of addition 
of sulphuric acid. The velocity coefficient was first determined 
for ozonised oxygen at a pressure of 755 mm., 3-9 c.c. of concen¬ 
trated sulphuric acid were introduced into the tube so that it 
spread over its whole length (approximately one-eighth of the 
inner surface was covered by the acid), and the velocity coefficient 
was redetermined with the following results :— 

Expts. 59 and 62 : No H 2 S0 4 present; k™ (corr.) = g]g^j9*79. 

Expts. 63 and 64 : In presence of H 2 S0 4 ; jfc™ (corr.) « * 
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A slight diminution in the value of the velocity coefficient is there¬ 
fore caused when part of the glass surface is replaced by one of 
sulphuric acid. 

Discussion of Results . 

Tables III and IV contain the main results of this work and 
summarise a number of determinations of the velocity of deozonis- 
ation at 100° under various conditions. These data were obtained 
with the same reaction tube D, and with (it is believed) its surface 
in a constant condition as regards possible catalytic action. 

The tables show that:— 

(a) The velocity of deozonisation in mixtures containing only 
ozone and oxygen is a function of the oxygen pressure, as already 
found by Jahn and by Perman and Greaves, but later contradicted 
by Chapman and Jones. We find that the velocity coefficient 
increases with decreasing total pressure, but the two quantities 
are not inversely proportional as stated by Jahn, rather their 
product diminishes as the pressure decreases. Actually it is found 
that the variation of with pressure in tube D is very closely 
reproduced by the empirical relation k™ = 11,500/(360 + Pe t )- 

The absolute values of the bimolecular velocity coefficient found 
by us are in fair agreement with those obtained by Warburg and 
by Perman and Greaves at the same temperature and under cor¬ 
responding conditions of pressure. Thus, for ozonised oxygen at 
100° and a pressure of 1000 mm. of mercury, we find k™ = 7*77 
for tube B and 8-35 for tube D, while Warburg gives a mean value, 
k™ = 7-54. At 100° and 758 mm, pressure, our value of h% (tube D) 
=5 10-3 agrees fairly closely with that calculated from the results 
given by Perman and Greaves (Globe II), viz., 9*72. 

(b) The addition of any one of the gases nitrogen, argon, helium, 
and carbon dioxide causes an increase in the velocity of deozonis¬ 
ation, if the reaction velocity in the presence of one of these gases 
is compared with that found in ozonised oxygen alone with the 
same partial pressure of oxygen. In virtue of (a), this increase is 
still more pronounced if the coefficient found in the presence of 
one of these gases is compared with that observed in ozonised 
oxygen under the same total pressure. This increase in velocity 
is very marked when the partial pressure of the added gas is large. 
Thus the velocity coefficient k% for ozonised oxygen at a pressure 
of 335 mm, is about 16*5 (mean of the results of experiments 41 
and 47), whilst, in a mixture containing oxygen at the same partial 
pressure, but with a partial pressure of argon of 660 mm., the 
constant is now 28*5 (experiments 42, 43, and 48). 

The increased velocity of deozonisation caused by addition of 
nitrogen is in qualitative agreement with the results of Jahn at 
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the higher temperature 127°, and of Perman and Greaves at 100°. 
Quantitatively, however, the relative increase in the coefficient 
observed by the latter investigators is somewhat greater than that 
obtained in the present work with the same gas mixture. On the 
other hand, Chapman and Jones could not detect any increase in 
the rate of reaction resulting from displacement of part of the 
oxygen in ozonised oxygen by nitrogen. 

(c) The positive catalytic effects of the four gases investigated 
are in the order argon greatest, followed by nitrogen and carbon 
dioxide with approximately equal effects, and helium least. This 
order bears no relation to the catalytic effects found for these gases 
by Griffith and MacWillie on the rate of photochemical decomposition 
of ozone by visible light, 

A necessary preliminary to any attempt at an explanation of the 
results presented in this paper appears to involve an answer to 
the question as to whether the decomposition of ozone under the 
conditions here investigated occurs mainly in the homogeneous 
gaseous phase or at the glass surface of the containing vessel. 
We are unable from the results of the present work or from the 
results of previous workers to arrive at a definite conclusion on 
this point. All that may safely be inferred is that some part at 
least of the measured rate is due to a heterogeneous change. This 
is shown by the slight variation in the velocity coefficient from 
tube to tube and by the retarding effect produced by covering a 
portion of the glass surface by sulphuric acid. We believe that 
our results may best be interpreted in the following way. The 
main reaction is a homogeneous change and is accompanied by a 
heterogeneous reaction whose velocity involves a lower power of 
the ozone concentration. This would explain the increase in the 
value of the bimolecular coefficient in each experiment with time, 
and in particular the relatively greater increase of this function 
with time the lower the pressure, i.e., the lower the initial concen¬ 
tration of ozone. The few experiments carried out with tube C 
(21—23, Table I) support this view. Here apparently we are 
dealing with a case where the catalytic activity of the surface, and 
therefore the rate of the heterogeneous reaction, is of far greater 
significance than in the experiments with the other tubes. It 
will be observed that in these three cases, the greater the velocity 
of deozonisation, the greater also is the relative increase in the 
calculated bimolecular coefficient with time. This result is con¬ 
sistent with the conception of a constant intrinsic rate for the 
homogeneous process, together with a gradually decreasing cata¬ 
lytic activity of the surface which governs the intrinsic rate ot 
heterogeneous process. 
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If the observed reaction is a mixture of homogeneous and hetero¬ 
geneous changes, which of these is it that the inert gases catalyse ? 
Presumably, it is not the rate of heterogeneous change which is 
affected, and this for two reasons: (1) the velocity coefficient 
varies less with time in the presence of an inert gas than in its 
absence, indicating that the homogeneous change is accelerated 
relative to the heterogeneous change of lower order; (2) not only 
is the power of adsorption of such gases as argon and helium by 
glass surfaces small, but it is difficult to see how such adsorption 
could produce any other than a retarding effect on a heterogeneous 
change. We must therefore conclude that the catalytic effect of 
the inert gases investigated takes place in the gaseous phase. 

We have thus to explain the retardation of the velocity of the 
homogeneous reaction by increase of the pressure of oxygen, and 
its acceleration by introduction of an inert gas. The effect 
of oxygen has been interpreted by Jahn (loc. cit.) in terms 
of the reaction scheme : 0 3 =^= 0 2 + 0; O + 0 3 —> 20 2 , leading to 
hbB. °c [0 3 ]' 2 /[0 2 ]. This relation, however, is not in agreement 
with our experimental results; further, it appears improbable 
that the energy relations of the process of deozonisation are con¬ 
sistent with the formation of oxygen atoms at a temperature of 100°. 
If this mechanism be discarded, there remain such possibilities as : 

(1) 0 3 ^ 0 3 *; 0 3 * + 0 3 30 2 , 

where 0 3 * represents an activated ozone molecule; or 

(2) 0 3 0 3 *; 0 3 * + 0 3 complex; complex —> 30 2 . 

A qualitative agreement with the results of the present work 
may be obtained on the basis of this second possibility, if we make 
the following assumptions: 

(а) The complex may either revert spontaneously into ozone 
molecules or decompose into oxygen molecules. 

(б) Either of these changes may also be brought about by collision 
of the complex with an indifferent molecule. 

Depending upon the type of the colliding molecule, one of these 
44 decomposition by collision ” processes will be favoured at the 
expense of the other. In this sense our results indicate that col¬ 
lisions with oxygen molecules favour the reversal: complex —> 20 3 , 
whereas it is the process : complex —30 2 which is assisted by 
collision with inert gas molecules in the order argon, nitrogen, 
carbon dioxide, helium. 

In connexion with the above assumptions, some theoretical 
considerations regarding the mechanism of chemical reactions 
which h&verecently been advanced by Christiansen (Z. physikal . 

1924, 113, 35) and by Bom and Franck (Z. Phytik, 1925, 
31, 411) are of interest. Christiansen considers the first stage in 
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a bimolecular reaction to be the formation by collision of an active 
complex. This complex can subsequently decompose spontaneously 
into resultants, or can suffer deactivation by collision with a third 
molecule. Accordingly the probability that reaction should take 
place is determined by a factor of the form p/(p + %rjG), where p 
denotes the probability of spontaneous reaction, G is the con¬ 
centration of any molecular species present, and the o/s are specific 
coefficients such that gives the probability of deactivation of 
the complex by collision. Bom and Franck have also dealt with 
deactivation processes occurring in chemical reactions, but from a 
somewhat different point of view. They conclude that, in order 
that additive processes of the type A + B -> AB may occur, it is 
necessary that the activated complex (or quasi-molecule) AB* 
first formed should, during its life period, suffer collision with a 
third molecule, whose function is to remove the difference in energy 
between AB* and AB. [On the other hand, they consider that, 
for substitution processes asA + B->C + Dto occur, such ternary 
collisions are unnecessary.] Accordingly, the reaction velocity 
coefficient of Bom and Franck should contain a function of the 
type + S^C), a function which is in a sense comple¬ 

mentary to that of Christiansen; p v however, now defines the 
intrinsic probability of the reversal AB* A + B, and the t^’s 
refer to the change AB* —> AB. 

The suggestions made by us in the reaction mechanism for the 
process of deozonisation include all four of the possibilities of 
change on the part of the complex entertained by Christiansen 
and Born and Franck. As a result, our final expression for the 
bimolecular velocity coefficient would contain a complex prob¬ 
ability term of the form (p + St? C)/(p + Pl + 2t?0 + in which 
p and v) refer to the change : complex —> 30 2 and p x and t? x to the 
change; complex —> 20 8 , As already stated, these possibilities 
afford a qualitative explanation of our results. 

While it is not suggested that the mechanism postulated is 
necessarily the correct one, we believe that an explanation of the 
“ negative ” catalytic effect of oxygen and the “ positive J5 effect 
of the other gases must involve considerations of the nature 
indicated above. 

Summary. 

The velocity of the thermal reaction 20 3 —> 30 2 has been deter¬ 
mined at 100° in glass tubes in the presence and absence of sul¬ 
phuric acid. The reaction follows approximately a bimolecular 
course, the velocity coefficients increasing slightly, however, with 
time. For ozonised oxygen mixtures, at pressures between SO® 
mm. and 1000 mm., the bimolecular coefficient h (expressed in &e 
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units litres/moles-minutes) is given, by h = 11,500/(360 + P), 
where P = the pressure in mm, of gas mixture. 

For mixtures of ozonised oxygen with any one of the gases 
argon, nitrogen, carbon dioxide, and helium, the velocity of deozon- 
isation is greater than that found for ozonised oxygen with the 
same partial pressure of oxygen. This positive “ catalytic 59 effect, 
which is greatest for argon and least for helium, increases with 
increasing partial pressure of added gas. 

A short discussion of these results and of a possible mechanism 
of the reaction process is given. 

The authors’ thanks are due to Professor W. C. McC. Lewis for the 
facilities kindly provided for this work. 

The Musfratt Laboratory op Physical and Electro-Chemistry, 
The University op Liverpool. [Received, May 15th, 1025.] 


CCLXXXV .—The Dissociation Pressures of Hydrated 
Double Selenates. 

By John Ferguson. 

In two former papers (J., 1922, 121, 1407; 1924, 125, 1307) the 
author in conjunction with R. M. Caven communicated an account 
of the dissociation pressures of hydrated double sulphates of the 
type M"S0 4 ,M / 2 S0 4 ,6H 2 0. The present paper contains the results 
of measurements of the dissociation pressures of hydrated double 
selenates of the same type. 

The apparatus and methods employed have already been described 
( he . cit.). 

Each double selenate was prepared by crystallisation from a 
solution containing the two simple selenates in equivalent pro¬ 
portions. Selenium was the starting point in the preparation of 
the simple selenates. It was converted into copper selenate by 
Dennis and Koller’s method (J. Amer. Chem . Soc. } 1919, 41, 949), 
and this salt was electrolysed in warm saturated solution (Metzner, 
Gompt. rend., 1898, 127, 54), yielding selenic acid, from which the 
simple selenates were obtained by neutralisation with the corre¬ 
sponding carbonates or hydroxides. The double selenates were 
analysed to test theirpurity. 

The double selenates examined yielded dihydrates as the first 
stage in their dehydration. Induction lag phenomena were hardly 
so marked as in the case of the sulphates 1924, 125, 1308). 

The pressures observed are equilibrium pressures in systems of 
the type M // Se0 4 ,M' 2 Se0 4 ,6H 2 0 ^ M"Se0 4 3I / 2 Se0 4 ,2H 2 0+4H 2 0, 
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Copper Potassium Selenate. 

Temp. 25-1° 32-5° 39-1° 46-1° 50-7° 61-7° 50-0° 42-7° 36-2° 

Press. . 11-8 21-7 36-4 55-3 79-9 137-2 77-7 48-3 28-7 

Copper Bubidium Selenate. 

Temp. 24-9° 32-3° 41-1° 49-6° 59-1° 58-3° 74-8° 67-1° 51-9° 34-4° 

Press. 8-0 13-5 24-4 42-4 77-9 73-7 192-0 121-0 49-3 16-2 

Copper Caesium Selenate. 

Temp. 27-7° 36-0° 42-7° 50-0° 56-2° 59-2° 65-2° 61-2° 51-2° 32-3° 

Press. 22-8 37-9 54-7 81-1 110-5 125-9 164-5 139-1 86-6 48-7 

Copper Ammonium Selenate. 

Temp. 25-0° 30-6° 35-3° 40-0° 50-8° 60-3° 70-4° 57-3° 44-9° 27-7° 

Press. 2-8 5-5 7-5 10-6 26-3 48-5 90-8 38-9 16-2 4-1 

Copper Thallous Selenate. 

Temp. 29-9° 40-0° 48-0° 53-9° 64-1° 59-2° 44-5° 35-1° 

Press. 8-9 20-3 36-3 53-6 99-6 75-0 28-7 13-3 

Cobalt Potassium Selenate. 

Temp. 26-1° 33-0° 42-5° 48-5° 61-2° 68-2° 43-8° 2S-4 0 

Press. 21-4 33-5 58-5 79-9 148-5 199-2 62-4 26-8 

Cobalt Ammonium Selenate. 

Temp. 27-0° 34-1° 41-5° 56-3° 65-6° 68-4° 71-1° 

Press. 3-4 5-9 10-3 29-7 53-1 64-8 75-5 

Zinc Potassium Selenate. 

Temp. 31-3° 42-6° 4S-5 0 57-2° 71-3° 69-9° 37-2° . 

Press. 23-6 50-7 75-4 120-3 218-3 136-2 36-2 

Zinc Ammonium Selenate. 

Temp. 31-3° 42-6° 48-5° 57-2° 71-3° 59-9° 37-2° 

Press. 2-9 6-9 10-1 19-9 46-5 22-8 4-1 

Nickel Potassium Selenate. 

Temp. 29-9° 40-0° 48-0° 53-9° 64-1° 59-2° 35-1° 

Press. 11-9 25-3 44-4 63-9 119-0 88-7 18-3 


Nickel Bubidium Selenate. 


Temp. 

30*2° 

38-2* 

52-3° 62*0° 

75-9° 

54*2° 

45-0° 


Tress, 

1-5 

3-1 

9*0 16-0 

37-9 

9*9 

5-3 





Nickel Ccesium Selenate , 


Temp. 

30*2° 

38*2° 

52-3° 62-0° 

76*9° 

54-2° 

45-0° 


Press. 

*6-8 

26*8 

59-4 95-9 

157*4 

64-8 

39-8 





Nickel Ammonium Selenate . 


Temp. 

28-3° 

37*2° 

43-6° 56-0° 

63*2° 

69*0° 

77.0° 

356° 

Press. 

1*0 

2*0 

3-2 8-2 

13*9 

20*3 

32-2 

1*7 
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Nickel Ammonium Chromate . 

This salt was prepared by Brigg's method (J., 1903, 83, 392). 
It effloresces slowly in air, forming a brown substance which has 
the composition of the anhydrous salt. The dissociation pressures 
of a mixture of the hexahydrated salt and this substance were 
measured. 


Temp. 28*2° 34-8° 40-8° 45*3° 50*7° 56*0° 69*0° 76*7° 57-4° 27-7° 

Press. 23-8 34-8 49*4 64-4 84*7 111*7 201*7 278*0 118*8 22*8 


Clark and Buckner (J. Amer. Chem. Soc ., 1922, 44, 242) and 
Clark (Amer. J . Sci., 1924, 7, 1) have carried out a long series of 
measurements of the stabilities of ammines of inorganic salts, as 
indicated by the temperatures at which the dissociation pressures 
of the ammines rise to a definite value (100 or 760 mm.). They 
have found that the stability increases with diminishing atomic 
volume of the positive part of the molecule, e.g., in the series Cs, 
Rb, K, Na; Cd, Zn, Mn, Cu, Fe, and increases with increasing 
volume of the negative part, e.g., in the series Cl, Br, I; Mo0 4 , 
Cr0 4 , S0 4 , Se0 4 . These results agree also with the work of Ephraim 
on the metallic ammines (Ber., 1912, 45, 1322). 


In the following table are given the molecular volumes (deter¬ 
mined by Tutton) of both double sulphates and selenates, and also 


the absolute temperatures at which 
attain a definite value (50 mm.). 

their 

dissociation 

pressures 

Univalent 


Sulphates. 

Selenates. 

metal or 
group. 

Bivalent 

metal. 

.jl. 


^- 


T 5 o* 

M.v' 

T 6 „. 

iEv. 

Potassium 

Copper 

Cobalt 

320*8° 

197*8 

316-6° 

211*3 


325*9 

197*1 

312-5 

208*6 


Zinc 

327*8 

196*2 

315-2 

208*8 


Nickel 

336*8 

195*3 

323-9 

206*1 

Rubidium 

Cadmium 

313*5 

216*4 

_ 

_ 


Manganese 

315*2 

213*7 

— 

— 


Copper 

Cobalt 

326*0 

335*0 

207*7 

206*5 

325*0 

221*5 


Zinc 

339*0 

205*6 

— 

. — 


Nickel 

346*3 

204*8 

354*0 

2X7*0 

Caesium 

Cadmium 

315*0 

229*3 

_ 

_ 


Manganese 

319*9 

226*4 

— 

— 


Copper 

Cobalt 

332*5 

220*3 

314*1 

235*5 


334*0 

219*7 

— 

— 


Zinc 

336*8 

218*0 


— : 


Nickel 

345*0 

217*4 

322*8 

229*2 

ArnrnrmiTirn 

Cadmium 

317-3 

217*5 

___ 



Manganese 

317*2 

215*5 

■ — 

—- 


Copper 

Cobalt 

332*0 

207*7 

333*7 

222*2 


336*8 

208*0 

337*2 

218*1 


Zinc 

341*4 

206*4 

345*0 

217*7 


Nickel 

354*0 

205*5 

358*0 

216*5 
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In the case of double salts formed by the same univalent metal 
or group with different bivalent metals, the temperature at which 
a pressure of 50 mm. is attained increases with decreasing mole¬ 
cular volume. The constitution of these double salts is probably 
of the type M , 2 [M // (Se0 4 ) 2 ] s since it is known that in solutions of 
some of them at least, the bivalent metal migrates partially to the 
anode during electrolysis. Hence it may be said that stability in 
the sulphate or selenate groups, taken separately, is favoured by 
diminishin g molecular volume of the anion or negative part of the 
molecule. 

However, it must be pointed out that, although the double 
selenates have always a much greater molecular volume than the 
corresponding sulphates, the rubidium and ammonium double 
selenates are more stable than the rubidium and ammonium double 
sulphates. The potassium and caesium double selenates are less 
stable than the corresponding sulphates. 

Nickel ammonium chromate cannot be strictly compared with 
the sulphate and selenate double salts, as it does not form a 
dihydrate, like the other two. It is, however, the least stable of 
the three nickel ammonium salts, and has probably a much greater 
molecular volume (Tutton, Min. Mag., 1912, 16, 169). 

As regards the positive part of the molecule, it is found that, 
the bivalent metal being the same, the stability increases with 
increasing molecular volume of the salt, in the order K, Rb, NH 4 , 
The caesium salts are anomalous, because, although they have as 
a class the greatest molecular volume, they are intermediate in 
stability between the potassium and rubidium salts. This rule, 
however, does not apply to the csesium double sulphates of copper, 
cadmium and manganese, which are more stable than the corre¬ 
sponding potassium and rubidium salts. In the case of the two 
double selenate groups examined (copper and nickel) the csesium 
and potassium dissociation pressure-temperature curves inter¬ 
sect, the csesium salts being the less stable at lower temperatures. 

If the csesium salts are excluded from consideration, it follows 
that stability in the series of hydrated double sulphates and 
selenates is favoured by increasing atomic or molecular volume of 
the kation or positive part of the molecule. 

To sum up, while it is obvious that the specific influence of the 
various atoms and groups enters as a complicating factor, the results 
tend to show that the stabilities of the hydrated salts are closely 
connected with the atomic or molecular volumes of the atoms 
and groups composing their molecules. The stabilities appear to 
increase with decreasing molecular volume of the anion, but increase 
with increasing atomic or molecular volume of the kation. 
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This relation is opposite to that which obtains with the metallic 
ammines (Clark and Buckner, loc. cit.). 

Summary. 

1. The dissociation pressures of certain double selenates of the 
type M' 2 Se0 4J M // Se0 45 6H 2 0 in contact with the corresponding 
dihydrates have been measured over a range of temperature. 

2. The stabilities of these salts, and also of the double sulphates, 
as measured by the absolute temperatures at which their dissoci¬ 
ation pressures attain the value of 50 mm., are greatly influenced 
by the molecular and atomic volumes of the groups and atoms in 
the molecule. 

3. The specific action of the different atoms and groups intro¬ 
duces irregularities, especially noticeable in the Case of caesium 
double salts, but in general the stabilities of the hydrates increase 
with increasing volume of the kation and decrease with increasing 
volume of the anion. 

4. These two relationships are the inverse of those obtaining with 
the metallic amm in es. 

The author wishes to thank Prof. R. M. Caven of the Royal 
Technical College for having suggested this research and for his 
continued interest in it. He also desires to thank the Carnegie 
Trust for the provision of a scholarship, which enabled the research 
to be undertaken. 

The Roval Technical College, 

Glasgow. [ Received , July 10 th, 1925.] 


GGLXXXVI.—Besearches on Chromammines. Part II. 
Hydroxopentamminochromic Salts and Electrical 
Conductivities of Chromammines. 

By Herbert Joseph Seymour King. 

A. Hydroxoperttammifio-chromic{-cobaliic) Hydroxide . 

It was shown in Part I (King, J., 1924,125,1329) that the alkaline 
solutions obtained by treating chloropentamminochromic or 
aquopentamminochromic chloride with moist silver oxide, which 
had until then been regarded as solutions of aquopentammino - 
chromic hydroxide, gave hydroxopentamminochromic picrate with 
excess of picric acid. (That this is not due to instability of the 
aquopentamminochromic salt has now been shown by preparing 
the latter from the nitrate.) Hence the solutions were considered 
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to contain not aquo- but hydroxo-pentamminoehromic hydroxide, 
a view supported by their intense reddish-violet colour, which is 
characteristic of “ purpureo 35 rather than <c roseo ” solutions. 

Further investigation showed that the aquopentamminochromic 
salt was obtained with oxalic acid, which thus behaved similarly 
to mineral acids (Christensen, J. pr. Chem., 1881, 23, 26). 

2[Cr(NH 3 ) 5 0H](0H) 2 +3H 2 C 2 O 4 =[Cr(NH 3 ) s H 2 O] 2 (C 2 0 4 )3_+4H 2 O. 

2 :4-Dinitrophenol, a much weaker acid than picric acid, gave 
the aquo-salt with both the chrommamine and the cobaltammine 
alkaline solutions. Also picric acid gave the aquo-salt with the 
cobaltammine solution, though 2 : 4-dinitro-a-naphthol-7-sulphonic 
acid, a much stronger acid, gave the hydroxo-salt (Part I). In 
view of these anomalous results, the nature of the alkaline solutions 
has been investigated from the point of view of electrical con¬ 
ductivity. From measurements of the conductivities of their 
salts, the conductivities of the aquopentamminochromic and hydr- 
oxopentamminochromic ions at zero concentration were found to be 
174*3 and 73*3 mhos at 0°, giving 489*3 and 283*3 mhos for the 
limiting conductivities of the hydroxides. The value obtained by 
extrapolation of the conductivity data for the chromammine 
alkaline solution was 283*9, completely confirming the view that it 
contained only hydroxopentamminochromic hydroxide. The data 
of Lamb and Yngve (J. Amer. Chem . Soc ., 1921, 43, 2352) for the 
conductivity of ££ aquopentamminocobaltic hydroxide ” at 0° 
(ignoring the figure for c = 0*0002683) give on extrapolation 
(n .= 1*30) the value 296 at infinite dilution, in fair agreement with 
the value 287 required for hydroxopentamminocobaltic hydroxide. 

Aquopentamminochromic picrate was precipitated, on mixing 
solutions of aquopentamminochromic nitrate and 200% excess of 
sodium picrate, as aggregates of golden-yellow needles (Found: 
Or, 6*0; NH 3 , 9*9; N, 22*9; H a O, 3*3. 

[0r(NH 3 ) 5 H 2 O]{O 6 H 2 O 7 N 3 } 3 ,4H a O 

requires Or, 6*1; 3STH 3 , 10*0; N, 23*1; H^O, 3*2%). The salt lost 
all its water and also 43% of its ammonia on heating at 100° for 

3 hours, so this is not a suitable method for introducing the pierato- 
group into the complex! 

Aquopentamminochromic oxalate was obtained on mixing solutions 
of hydroxopentamminochromic hydroxide (Christensen, loc. cit.) and 
oxalic acid (3 mols.}, precipitation occurring on shaking and cooling* 
It was washed with a little water, and with alcohol until free from 
oxalic acid. The air-dried product consisted of irregular, orange 
plates (Found : Or, 16*3; 26*4 ; H a O of erystalhsaticm, 1##^ 

IGt^m 

crystallisation, 11*2%). After a week in a vacuum over phosphoric 
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oxide, the water of crystallisation was completely removed, together 
with 4% of the ammonia. The salt lost 47% of its ammonia on 
heating at 100° for 3 hours, but still retained more than half of the 
co-ordinated water. Thus it was not possible to prepare an 
oxalato-salt from it by heating. 

Aquopentammino-chromic {-cobaltic) 2 :4 -Dinitrophenoxide .—Finely 
powdered 2 : 4-dinitrophenol (2 mols.) was shaken mechanically for 
an hour with a solution of hydroxopentammino-chromic (-cobaltic) 
hydroxide, when the pure aquopentammino-salt was obtained, the 
excess of hydroxide remaining uncombined. The sparingly soluble 
product was washed with water, then triturated and washed with 
methyl alcohol, leaving a bright yellow powder. Ammonia was 
estimated as for picrates (Morgan and King, J., 1922, 121, 1723). 
A. (Found: Or, 7*4; NH 3 , 11*7; N, 21-3; H 2 0, 5*2. 

[Cr(NH 3 ) 5 H 2 03 {C 6 H 3 0 5 N 2 } 3 ,H 2 0 

requires Cr, 7-2; NH 3 , 11*8; N, 21*2; H 2 0, 5*0%). 66% of the 
ammonia was removed in 3 hours at 85°, together with all 
the water. B. (Found: Co, 7*7; NH S , 11*0; N, 20*1; H 2 0, 9*2. 
^(IsrHArHaOllCeHoOr^kjSHoO requires Co, 7*7; NEL, 11*1; 
N, 20*1; H a O, 9*4%). The compound charred at 100°. 

Interaction of Hydr ox ope n tammi nocobaliic Hydroxide and Picric 
Acid Solutions .—Using three mols. of picric acid, the pure aquo- 
pentamminoeobaltic salt was precipitated (Morgan and King, loc. cit.) 
(Found: Co, 7-1; NH 3 , 10-1. Calc., Co, 7*0; NH S , 10-1%). Two 
mols. of picric acid gave a mixture of the aquo- and hydroxo-salts, 

B. Hydroxopentamminochromic Salts . 

The only salts of this series hitherto described are the dithionate 
(Jorgensen, J . pr. Chew., 1882, 25,419; Dubsky, ibid., 1914,90,99), 
pierate and dipicrylamide (Part I). The sulphate, nitrate, 
chloride, bromide, iodide, chromate and oxalate have now been 
obtained. They are rose-red salts, much more soluble in water than 
the corresponding cobaltammines (Werner, Ber., 1907, 40, 4098). 
They give solutions only very slightly alkaline to litmus and do not 
liberate ammonia from ammonium salts in the cold. Thus the 
tendency to form aquo-salts is less pronounced than in the case 
of hydroxopentamminocobaltic salts. The co-ordinated hydroxyl 
group cannot be acetylated or carbonated. Unlike the hydroxo- 
pentamminocobaltic salts, they smell of ammonia and are unstable 
even in the dark. They can, however, be kept indefinitely in an 
ammoniacal atmosphere. The salts most readily obtained pure 
: and in quantity are the sulphate and nitrate. 

That these are not basic aquo- but hydroxo-salts is demonstrated 
as follows. 
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(a) The sulphate and chromate were obtained anhydrous, whilst 
the nitrate, bromide, and iodide contained less water than is required 
for an aquo-salt. 

(b) Hydroxopentamminochromic picrate was obtained from the 
sulphate by double decomposition. 

(c) The electrical conductivities at 25° and a dilution of 1024 litres 
were of the order required (234 to 268 mhos) for salts with two uni¬ 
valent ions outside the complex, by Werner’s empirical rule (Werner 
and Miolati, Z. physilcal. Ghem ., 1894,14, 506). The values obtained 
for the sulphate, nitrate, chloride, and oxalate were 234*0, 260*8, 
274*6 and 235*5. (The value 266*2 obtained for hydroxopent- 
amminocobaltic nitrate also agrees with the rule.) 

Hydroxopentamminochromic sulphate was obtained by adding the 
hydroxopentamminochromic hydroxide solution (100 c.c.) from 
4 g. of chloropentamminochromic chloride to 2*17 g. of ammonium 
sulphate in 3 c.c. of water and 16 c.c. of concentrated ammonia 
solution. When 50 c.c. of ice-cold alcohol had been added drop 
by drop to the cooled solution, rosettes of large, rose-red needles 
began to form. On addition of 20 c.c. more alcohol most of the 
sulphate crystallised (3*5 g.). It was collected, washed with 
ammoniacal alcohol and ether, and kept in a vacuum in presence of 
soda-lime and ammonium carbonate (Pound : Cr, 21*2; NH 3 , 33*8; 
S, 13*0. [Cr(NH 3 ) 5 0H]S0 4 requires Cr, 20*8; NH 3 ,34*0; S, 12*8%). 

A sample was triturated with acetic anhydride for 20 minutes. 
The product was dissolved in Water and treated with a solution of 
sodium picrate. Hydroxopentamminochromic picrate (Part I) 
was precipitated, showing that no acetylation had occurred (Found : 
Cr, 8*3; NH 3 ,12*8; N, 23*3. Calc., Cr, 7*9; NH 3 ,13*0; N, 23*5%). 

When carbon dioxide was passed into a cooled concentrated 
solution of the sulphate, 3 to 4 mols. of ammonia were displaced, 
an insoluble bluish-violet carbonate of variable composition being 
formed* 

Hydroxopentamminochromic nitrate was not readily obtained by 
adding the hydroxide to ammonium nitrate solution, as a large 
excess of alcohol and ether was needed for precipitation and the 
salt then separated as an oil. Five g. of aquopentamminochromic 
nitrate (Werner and Surber, Annalen, 1914,405, 220) were dissolved 
in 30 c.c. of concentrated ammonia, and cooled alcohol (60 c.c.) was 
added drop by drop to the ice-cold solution until a permanent 
crystalline precipitate formed (small, irregular, red plates}. This 
was collected immediately and washed with ammoniacal alcohol and 
ether (Found: Cr, 18*2; NH 3 , 29*6; Ef, 34*3. 

[Cr(NH 3 ) 6 0H3(N0 3 ) 2 ,JH 2 0 

requires Cr, 18*1; EH 3 , 29*7; ET, 34*1%). Although the salt had 
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an ammoniacal odour, it lost only 2i% of its ammonia when kept 
during 10 weeks over phosphoric oxide in a vacuum. 

Action of Pyridine on Aquopentamminochromic Nitrate. —A strong 
solution of the aquo-salt was treated with excess of ice-cold 
pyndine, the colour changing from ora ng e to dark red. Addition 
of alcohol gave an orange precipitate, the ammonia content of 
which (26*1%) indicated that 25% of the aquo- had been hydrolysed 
to the hydroxo-nitrate. 

Aquopentamminoehromic halides, prepared by Christensen 
(be. cit.) from hydroxopentamminochromic hydroxide, were more 
conveniently obtained in pure condition as follows. 

Chloride .—A solution of 7*5 g. of aquopentamminochromic 
nitrate in 60 c.c. of water was filtered into 160 c.c. of ice-cold strong 
hydrochloric acid, when partial precipitation of the crystalline salt 
occurred. Ice-cold alcohol (100 c.c.) was added and the salt was 
at once collected (3-7 g.) (Found : NS 3 , 32*7. Calc., NH 3) 32*6%). 
The chlorine was completely and immediately precipitated in the 
cold by silver nitrate, showing that no chloropentamminochromic 
salt was present. 

Bromide .—A solution of 5 g. of aquopentamminochromic nitrate 
was added to 60 c.c. of ice-cold strong hydrobromic acid, an 
i mm ediate precipitate of 5 g. of the bromide being formed. This 
was freed from a trace of purpureo-salt by dissolving in water 
(50 c.c.) and filtering into 50 c.c. of ice-cold hydrobromic acid. 
The iodide was prepared similarly to the bromide. 

Hydroxopentamminochromic chloride was obtained as aggregates 
of small, very soluble, rose needles (2 g.) on dissolving aquopent¬ 
amminochromic chloride (3 g.) in 15 c.c. of concentrated ammonia 
and slowly adding ice-cold alcohol (60 c.c.) until precipitation was 
complete. The salt lost 18*6% of its ammonia in 3 hours at 100° 
(Found: Cr, 21*4; NH 3 , 35*0; Cl, 28-9. [(^(NH^sOHlCLs^O 
requires Cr, 21-4; NHg, 35-0; Cl, 29*2%). 

Hydroxopenlamminochromic bromide separated as a solid mass 
of pink needles when aquopentamminochromic bromide was 
dissolved in ammonia, and a little ice-cold alcohol added (Found : 
Or, 16*3; NH*, 26-1; Br, 49*5; B^O, 3-0. [Cr(NH3) 5 0H]Br 2 ,iH 2 0 
requires Cfc, 16*1; NH 3 , 26*4; Br, 49-5; HgO, 2-8%). 

Hydroxoperdammiriochrcmic iodide was obtained as bunches of 
minute, pink needles by dissolving 5 g. of aquopentamminochromic 
iodide in 30 c.c. of concentrated ammonia and adding slowly 100 c.c. 
of fee-cold aksohoh It was somewhat less soluble than the other 
sdts {Found : Or, 12*7; NS*, 20*6; 1,60*9. [Cr(NH 3 ) 5 0H]I 2 ,|H 2 O 
requires Cr, 12*5; NH 3 , 20*4; I, 60*9%). When solid potassium 
iodide was added to a solution of aquopentamminochromic nitrate 
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in concentrated ammonia, an addition compound of the hydroxo- 
iodide with potassium iodide was obtained (pink needles). 

Hydroxopentamminochromic chromate was obtained by adding the 
hydroxide solution (55 c.c.) from 4 g. of chloropentamminochromic 
chloride to 2*5 g. of ammonium chromate dissolved in ammonia. 
The intense reddish-brown solution was treated with alcohol until a 
permanent crystalline precipitate just formed (aggregates of thin, 
brown plates). This was collected and washed with ammoniacal 
alcohol and ether (Found : Cr, 38*7; NH 3 , 31*3. [Cr(NH 3 ) 5 0H]Cr0 4 
requires Cr, 38*5; NH 3 , 31*5%). 

No reduction in weight occurred when the salt was kept for a 
fortnight over phosphoric oxide. 

Hydroxopentamminochromic Oxalate. —The hydroxide solution 
from 5 g. of chloropentamminochromic chloride (100 c.c.) was 
added co 2*92 g. of ammonium oxalate in 100 c.c. of water, when 
ammonia was immediately evolved. Ammonia solution (10 c.c.) 
was added, and a considerable excess of alcohol and ether; the 
precipitate of large, pink needles was readily soluble in water 
(Found: 0,18*6; NH 3 , 30*4. [Cr(NH 3 ) 5 0H]C 2 0 4 ,2H 2 0 requires 
0,18*7; NH 3 , 30*6%). 

Eydroxopentamminocobaltic Nitrate .—The following is a more 
convenient method than that given by Werner (loc. cit.) for preparing 
the pure monohydrated salt. To a filtered solution of 20 g. of 
aquopentamminocobaltic nitrate in 100 c.c. of concentrated 
ammonia, 240 c.c. of boiling alcohol are added and the mixture is 
cooled quickly to prevent separation of an oil. The precipitate is 
dissolved in ammonia, and to the ice-cold filtered solution cooled 
alcohol is added drop by drop until crystallisation begins (yield 7 g.) 
(Found: Co, 19-4; NH 3 , 28*1. Calc., Co, 19*5*, NH 3 ,28*1%). 

C. Electrical Conductivities of Chromammines and Cobaltammines . 

The X-C m Graph (see Porter, Trans . Faraday Soc 1919,15,122). 
—The electrical conductivities of a large number of salts of bivalent 
chromammine and cobaltammine kations give, for the concen¬ 
tration range v = 32 to v =» 1024, a rectilinear \-C m graph. This 
has been found to be the case for hydroxopentamminochromic 
nitrate, chloride and hydroxide, hydroxopentamminocobaltic 
nitrate* chloropentamminochromic chloride and bromide, chloro- 
pentamminocobaltic sulphate, bromide, chloride and nitrate, 
nitropentammincchromic chloride (xantho), mtropentammino- 
cobaltie nitrite and chloride (xantho), dinitrotetramminocobaltia 
nitrate (flavo) and chloride (croceo). It has therefore been con¬ 
cluded that in normal cases the X-C y3 graph for such salts over 
this range should be rectilinear and that deviations are due to such 
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phenomena as polymerisation in concentrated solution, hydration 
and hydrolysis. This view was supported by the fact that in 
several cases where deviation was found at 25° the graph was 
rectilinear at 0° (e.g. } chloropentamm in ochromic bromide, Table III), 
further, in cases where this graph is rectilinear, extrapolation to 
zero concentration by means of the 1 /X~(CX) n_1 graph gives con¬ 
cordant values for the mobility of the complex ion, whilst extra¬ 
polation of data for the same ion which give a curved X-C^ 73 graph 
leads to a quite different mobility value. Thus for the bivalent 
hydrosopentamminochromic ion, extrapolation of the conductivity 
data for the nitrate and chloride gives mobility values 131*6 and 
131*9 at 25°, whilst the oxalate and sulphate data, which deviate 
from the straight-line rule (probably owing to polymerisation 
in concentrated solution), lead to mobility values 380*9 and 
195*0. 

The rectilinear l~C m graph does not appear to be suitable for 
extrapolation of conductivity data to infinite dilution, since accurate 
data for concentrations' less than [e.g. s for potassium chloride) 
are lower than those required by the graph. For ammines of 
chromium and cobalt it leads usually to results 6% higher at 25° 
than those obtained by the l/X-(C r X) w ~ 1 graph. 

In many cases at v = 2000, and sometimes at higher concen¬ 
trations, the conductivities of ammines are higher than those 
required by the rectilinear graph. Such data have been 

considered to be influenced by decomposition of the complex ion, and 
have been ignored in calculating A*,. They are bracketed in the 
tables. 

The rule does not appear to apply to salts of tervalent complex 
kations. The X-C 113 graphs for hexammino-chromic (-cobaitic) and 
aquopentammino-chromic (-cobaitic) salts are curved. Neverthe¬ 
less, extrapolation leads to concordant results from different salts 
of the same ion. 

Conductivity Data .—The usual Kohlrausch method was employed, 
resistances being measured by a standardised Post Office box. An 
open cylindrical cell of constant 0*1197 was used for the salts. The 
conductivity water was obtained by a single distillation of distilled 
water with a little potassium bisulphate, and its specific conductivity 
varied between 0*66 X 10" 6 and 1*1 X IQ" 6 mho, at 0°. Except 
in the case of hexammino-salts, the method of successive dilutions 
was not employed. A fresh solution was prepared for each 
measurement, and its conductivity was determined forthwith. This 
was particularly necessary in the case of hydroxo-salts, since their 
conductivity increased rapidly when they were kept in contact 
with the electrodes. 



HTDB0X0PBNTAMMI1T00HS0MI0 SALTS, BTC. 2107 

Table I. 

Hydroxopentammino-chromic and -oobaltic Salts. 

v is the reciprocal of the concentration in mols. per litre, and A. the molecular 
conductivity in mhos. 


Bracketed data have been ignored in calculating . 



[Cr(NH 3 ) 

5 0H]C1 2 . 

[Cr(NH 3 ) 

6 0H](N0 3 ) a . 

[Cr(KH s ) 

5 OH]S0 4 . 

V. 

V* 

*25 e - 


■ N 

^■25°* 

*o=- 

^25°- 

32 

108-8 

206*2 

106-4 

201-5 

(59-4) 

(117-6) 

64 

119-0 

225-7 

115-7 

219-4 

(69-5) 

(132-9) 

128 

127*5 

239-0 

124-7 

233-6 

(82-0) 

(158*3) 

256 

134-9 

253*0 

132-0 

244-3 

(94-1) 

(181-2) 

512 

138-8 

261-9 

138-9 

254-2 

(108*3) 

(208-2) 

1024 

147-2 

274-6 

141*4 

260-8 

(118-9) 

(234*0) 

2048 

— 

— 

(152-7) 

(279-9) 

(132-3) 

(254*2) 


[Cr(NH 3 ) 6 OH]C 3 0 4 . [C o(yH 3 ) 5 OH](NQ 3 ) a . 


V. 

'W- 

V- 


32 

(132-8) 

— 

196-5 

64 

(150*4) 

— 

215-2 

128 

(169-6) 

124-2 

229-5 

256 

(190-0) 

132-2 

241-5 

512 

(213-4) 

138-4 

(253-4) 

1024 

(235-5) 

143-4 

(266-2) 


Table II. 

Hydroxopentamminochromic Hydroxide, [Cr(NH 3 ) 5 OH](OH) 2 - 

a = degree of dissociation. 


v ..... 22-53 32-85 42-92 65-70 365-8 oo (extrapolated 

JV . 237-8 245*5 250-0 254-1 273-7 283-9 

a . 83*8 86-5 88-1 89-5 96-4 — 


The hydroxide solution was prepared by triturating chloro- 
pentamminochromic chloride with moist silver oxide (Christensen, loc. 
cit.), filtering, and washing the oxide with a little ice-cold conduct¬ 
ivity water. Air was excluded as much as possible during the prepar¬ 
ation, and the conductivity was measured in a stoppered flask¬ 
shaped cell. The concentration was determined by an ammonia 
estimation. The hydroxide prepared from aquopentammino- 
chromic chloride gave similar results. A positive water correction 
was applied (Lamb and Yngve, be . cit.). The water used was 
practically “ equilibrium water, 51 its specific conductivity being 
0*66 X KT 6 mho at 0°. 

Table III. 


Chloropentamminochromic Salts. 



[Cr(NH 3 ) 5 ClJCl 8 . 

1 
i—i 

,) 6 Cl]Br 3 . 

v. 

A 0 °. 

*■*5°* 

V. 

*N ■ 
^■28** 

64 

123*1 

230-3 

— 

(232*3) 

128 

131-1 

244-5 

134-8 

(247*7) 

256 

137*2 

255*0 

142*1 

(261*5) 

512 

142-3 

264-4 

146-8 

(272*9) 

1024 

(147*6) 

(276-8) 

151-2 

(280*6) 
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The conductivity increased rapidly on standing, particularly 
in the case of the bromide. 


Table IV. 

Aquopentammino-salts. 


v .. . 32 64 I2S 256 512 1024 

A 0 « for [Cr{NH 3 ) 5 H 2 0]Cl s . 169-5 186-3 203-4 218-4 232-9 (247-8) 


A 0 =for[Co(NH 3 ) 5 H 2 O]{NO 3 ) 3 ... 163-0 179-0 197-6 212-2 225-9 238-0 

Table V. 

Hexamminochromic Salts. 


[Cr (NH 3 ) ? ](KQ 3 ),. Cr(NH3)8Brs> [0r (NE,) ? ](N0 3 ) 3 . Cr(NHj)>Bri)- 


V. 


^25°- 

^•25 = * 

V. 

A 0 °. 

A 2 5 s . 

*S5°- 

32 

— 

307*5 

— 

512 

236-3 

439-9 

453*5 

64 

182-6 

340*2 

355-5 

1024 

250-0 

465*9 

480*5 

128 

201-6 

375*3 

391-1 

2048 

260-5 

489*8 


256 

219-7 

408-0 

423-3 

4096 

269-9 

512*3 

— 


The conductivities for hexamminochromic nitrate at 25° are 
considerably higher than those recorded by Werner and Miolati 
(loc. cit .). 

Ionic Mobilities .—The conductivity at infinite dilution has been 
obtained in every case from the l/X-(CX) ?rl graph (Noyes and 
Coolidge, Carnegie Inst . Pub., 63, 50). 

Hydroxopentamminochromic ion . The data for the chloride and 
nitrate (Table. I) give mobility 73-0 and 73-5 (n — 1-56 and 1-52) at 
0° and 131-9 and 131-6 (n = 1-60) at 25°. The means of these closely 
concordant values are adopted in Table VI. The data for hydroxo- 
pentamminochromic hydroxide give mobility 73-9 at 0°, in excellent 
agreement with the figure derived from the salts. 

Eydroxopentamminocobaliic ion . The data for the nitrate (Table I) 
give mobility 76*6 at 0° ( n = 1-50) and 131-0 at 25° (n = 1-60}. 

Chloropentamminochromic ion. The data in Table III give the 
ionic mobility as 75-2 and 76-8 (chloride and bromide) at 0° 
(n = T50) and as 139*7 (chloride) at 25° (n = 1*50). The data of 
Werner and ^liolati (loc. cit.) for the chloride at 25° give a slightly 
lower value (138*4). The lower figure 75*2 at 0° has been adopted, 

, since the bromide results are probably affected by hydration. 

Chloropentamminocobaltic ion . The data of Werner and Miolati 
(he. cit.; Z. physikal. Gh&m., 1896, 21, 235) for chloropentammino- 
cobaltie salts at 25° give an ionic mobility 3*5% higher than that 
of the corresponding chromammine ion, but extrapolation of the 
more recent results obtained by Harkins, Hall, and Eoberts (J. 
Amer. Chem. Soc., 1916, 38, 2643) for the chloride gives values 74*8 
at 0° and 140*8 at 25° (n = 1*60 and 1*82). These are the values 
.adopted in Table VI. 
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Aquopentammino-chromic and -cobaltic ions at 0°. The data of 
Table IV give mobilities 174*3 (n = 1*40) and 16T7 (n = 1*44). 
The latter agrees well with the estimated value of 160 given by 
Lamb and Yngve ( loc . cit.). 

Hexamminochromic ion. The data of Table V give mobility 
180*0 at 0° n = 1*46) and 369*6 and 370*8 (nitrate and bromide) 
at 25° (n = 1*42 and 1*40). 

The diminution in mobility of the complex ion at 0° on replacing 
one a mm onia molecule of the hexammine by water is 5*7 in the 
chromammine, 5*3 in the cobaltammine series (see Table VI). 

The values employed for the mobilities of the anions at 0° and 25° 
were Cl 7 , 41*1 and 75*5; Br', 43*1 and 77*8; N0 3 ', 40*4 and 70*6; 
OH', 105*0 (0°); iS0 4 ", 78*0 (25°); |C 2 0 4 "> 72*7 (25°). 

The ionic mobilities of the complex kations are collected in 
Table VI. Those indicated by an asterisk are taken from the 
table given by Lamb and Yngve (loc. cit.). Q — valency of kation. 


Table VI. 


Kation. 

A 0 °* 

Ao 

A*>5°. 


1 : 2-[Co(NH 3 ) 4 (N0 2 ) 2 ]- 

18-1* 

18-1 

36-3* 

36*3 

1 : 6-[Co(NH 8 ) 4 (N0 3 ) 2 ]’ 

17-9* 

17-9 

36-1* 

36-1 

[Cr(NH s ) 5 OH]" 

73-3 

18*3 

131*8 

33-0 

[Co(NH s ) s OH]“ 

76-6 

19*2 

131-0 

32-8 

[0(NH s ) 5 C1]" 

[Oo(NH 3 ) 5 C1]" 

75-2 

74*8 

18-8 

18-7 

139- 7 

140- 8 

34*9 

35-2 

[Cr(NH 3 ) 3 ]- 

180-0 

20*0 

370-2 

41-1 

CCo(NH 3 ) 6 ]- 

167-0* 

18-6 

327-0* 

36-3 

[Cr(NH 8 ) 5 H 2 0]-; 

174-3 

19-4 

— 

— 

[Co(NH 3 ) 5 H 2 0r' 

161-7 

18-0 

314-0* 

34-9 


The mobilities of corresponding chromammine and cobalt¬ 
ammine bivalent ions are practically identical. 

The marked increase in mobility of the complex ions with increase 
of valency has no parallel among ordinary metallic kations. If 
the mobility is divided by the square of the valency, an approximate 
constant is obtained throughout the table, showing that the mobility 
is proportional to the square of the ionic charge. The mean values 
of’A/Q 2 for univalent, bivalent and tervalent ions are 18*0, 18*8 and 
19*0 at 0° and 36*2, 34*0 and 37*4 at 25°. For metallic kations, 
A IQ is approximately constant. 

The author is indebted to the Chemical Society for a grant which 
has partly defrayed the cost of this investigation. 

Berkbecx Coixbg®, 

Univebsity or London. {Received, July Ith, 1925*]. 
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The formation of nitrogen in the presence of hydrochloric acid is 
not due to hydrolysis of the amide. Experiments were made to 
test this possibility by allowing 20 c.c. of the amide solution to stand 
for 24 hours with 6 c.c. of concentrated hydrochloric acid. The 
solution was then rendered alkaline with sodium carbonate, and any 
ammonia produced estimated by the aeration method of Eolin. 
Acetamide gave 26*2, propionamide 26*3, asparagine 4*9%. 
Eormamide was apparently completely hydrolysed with the forma- 
ation of 96*2% of ammonia. 

If the reaction of amino-acids with nitrous acid in acetic acid 
solution is taken as an indication of the presence of a primary amino- 
group, the difference in the behaviour of amides should be represented 
by giving amides the alternative formula, R*C(OH)INH, which may 
be regarded as being converted in the presence of mineral acid into 
the more usual formula, R«CO*NH 2 , which shows the presence of an 
—NH 2 group. This alternative formula is supported by the form¬ 
ation of unstable salts of amides, which are decomposed by water. 

Urea and Derivatives .—Van Slyke has stated that urea reacted 
slowly with nitrous acid in the presence of acetic acid. These 
results show that at low temperatures (from 10° to 12°) the reaction 
is not complete, but that complete decomposition occurs at 18° to 
20°. Werner, under different experimental conditions, did not 
observe complete reaction, and attributed the incompleteness to 
the formation of ammonium salts. As seen from the experiment 
with ammonium acetate, it is completely decomposed in 24 hours. 
The difference in the results seems to be due to the length of time of 
the reaction. As urea was decomposed in the presence of acetic 
acid, no experiments were made in the presence of hydrochloric acid. 

On comparing the results with those of amides, it appears that 

urea possesses the alternative formula, HN=C<CV^ which changes 

ATT ^ S 

in presence of acids to HN=C as proposed by Werner. 

The substance with the latter formula showing an —NH 2 group 
would be attacked by nitrous acid; isocyanic acid, which is easily- 
hydrolysed to ammonium carbonate, would also yield nitrogen. 

This alternative formula for urea is supported by the behaviour 
of semicarbazide and urethane. One-third of the nitrogen of semi- 
carbazide was obtained as gas in the presence of acetic acid, rather 
more in the presence of 2 or 3 c.c, of hydrochloric acid. One of the 
three nitrogen atoms would thus be present as an —H 2 N group. 
In presence of more hydrochloric aeid, large volumes of gas w#e 
evolved, suggesting that hydrazine was formed by decompo^cfe; 
Hydrazine in another experiment was observed to produce large 
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volumes of gas, probably resulting from reduction of nitrous acid 
by hydrazine. 

Urethane behaved like the simple amides : no evolution of 
nitrogen in presence of acetic acid, but complete reaction in presence 
of hydrochloric acid. It would thus appear to have the alternative 
formula, OEt*C(OH):NH, which changes into OEt’CO-NUg in 
presence of mineral acid. 

The behaviour of biuret with nitrous acid is most easily explained 
by Werner’s formula, NH;C(OH)'NH*C(OK>NH. In presence of 
acetic acid, this would change to lSTH.*C(OH)*]SrH*CO*lsrH 2 with 
liberation of one-third of its nitrogen as gas, as found by experi¬ 
ment ; in the presence of 2 to 3 c.c. of hydrochloric acid, the formula 
would become NH 2 *CO*NH*CO-NH 2 > two-thirds of the nitrogen 
was given off. In presence of 4 to 6 c.c. of hydrochloric acid, the 
whole of the nitrogen was evolved, indicating that the molecule was 
completely broken down. 

Guanidine and Derivatives .—Guanidine reacted only slightly in 
presence of acetic acid, two-thirds of its nitrogen was given off 
in presence of 5 c.c. of hydrochloric acid, and the reaction was nearly 
complete in presence of 8 c.c. of hydrochloric acid in 23 hours. 

The alternative formula, BQST=C<!^^ 3 , proposed by Krall, is 

indicated for guanidine. This changes to the usually adopted 
formula, NHIC(]$II 2 ) 2 , in presence of mineral acid, which explains 
the liberation of two-thirds of its nitrogen in presence of hydro¬ 
chloric acid. 

Arginine behaved in a simi l ar way to guanidine. Only the 
od-amino-group reacts with nitrous acid in presence of acetic acid. 
This reaction is used in its analysis. An excess of nitrogen over 
one-third was found by Plimmer (Biochem. J., 1924, 18, 105) if 
the reaction were prolonged. The whole of its nitrogen is given off 
as gas in the presence of hydrochloric acid. 

Aminoguanidine gave off one-quarter of its nitrogen as gas in 
presence of acetic acid, but larger quantities in presence of hydro¬ 
chloric acid. Corresponding with guanidine, the whole of the 
nitrogen was not evolved as gas. 

Creatine reacted in a similar way to guanidine and appears to 


have an alternative formula such as C0 2 H*CH 2 *lSMe*C < ^^®‘ 3 , 

which changes to the usual formula, C0 2 H-CH 2 *NMe-G(:NH)-NE^, 
in presence of hydrochloric aeid. A volume of nitrogen was evolved 


corresponding to two nitrogen atoms. The third nitrogen atom, to 
whieh the methyl group is attached, would not be expected to yield 
Creatinine, which was also found by Wright Wilson to 
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as far as could be ascertained colorimetrically, in approximate 
agreement. The low potential differences which were obtained 
in all the uranium titrations had nothing to do with the ageing 
of the platinum black, as in many instances freshly platinised 
electrodes were employed. A regular increase in the potential 
difference of the oxygen-hydrogen cell could not hare taken place 
in the silver nitrate titrations, for according to the proportional 
hydrion scale the silver oxide was precipitated at 6, whereas 
calculation from the solubility product of silver hydroxide showed 
that the true precipitation p K lay between 9 and 10. By comparing 
the voltage actually observed when the precipitation began, 0*40 
volt, with that which would be given by a hydrogen electrode 
indicating £> H 9, each compared with the normal calomel electrode, 
the E.M.F. of the oxygen-hydrogen cell is found to be 1*21 volts. 
This value is greater than either the initial (0*96) or the final (1-13) 
value, and was probably caused by the instability of the silver 
oxide. The remaining solutions investigated showed much less 
variation in their extrapolated P.D.’s, and when isolated p 3 s were 
found by means of indicators and compared with those given by 
the scales, they were generally found to agree within half a p 3 unit. 

The differences in the actual voltage readings, which covered 
equal ranges of hydrion concentration, were usually unequal in 
any two titrations. Thus the change in p 3 from 1*7 to 12*0 (say) 
would be indicated by the hydrogen and normal calomel electrodes 
by a variation in E.M.F. from — 0*381 to — 0*975 volt, a difference 
of 0*594 volt. In the case of the lead titration, the oxygen electrode 
E.M.FS s moved over the same range with an almost equal change 
in voltage, viz,, from 0*667 to 0*067, a difference of 0*600 volt. In 
the other extreme titration, that of silver nitrate, the E.M.F. 
varied from 0*578 to 0*167 volt, a difference of 0*411 volt only. 

In order to represent these titrations graphically (Fig. 1), it has 
been found necessary to convert the observed voltages into the 
approximate p K values by simple proportion (this vol., p. 1915); 
these values are plotted as ordinates, and the number of c.c. of 
alkali added as abseissse. Curve No. 4, representing the titration 
of silver nitrate, is dotted, for, as previously shown, the propor¬ 
tional hydrion scale is inapplicable. The arrows denote the beginning 
of precipitation. 

The precipitation of basic mercuric chloride (curve No. I) began 
when Pb. 7*4 was attained; the precipitate, at first white, became 
brown as more alkali was added. Precipitation was complete when 
three-quarters of the amount of alkali required for the complete 
decomposition of the mercuric chloride had been added. At this 
point—50*3 c.c. of sodium hydroxide—the addition of more alkali 
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react with nitrous acid in presence of acetic acid, showed an un¬ 
expected behaviour, indicating the presence of an amino-group. 
It would thus appear to have an alternative formula such as (I) 
instead of (II). 

N 

(I.) NH 2 *C 00 
MeN— CH 2 

The effect of mineral acid in diminishing the volume of nitrogen 
evolved may be due to a change of the new alternative formula 
to the commonly adopted one. The formation of the smaller 
amounts of nitrogen in the experiments may be due to the method 
of adding the hydrochloric acid, 1 c.c. at a time; a certain volume 
would be liberated before the whole of the 6 or 8 c.c. could be 
introduced. 

Summary. 

1. Amides and urethane do not react with nitrous acid in presence 
of acetic acid. 

2. Both react quantitatively in presence of approximately 2N- 
hydroehloric acid. 

3. Urea reacts quantitatively with nitrous acid in presence of 
acetic acid. 

4. Biuret reacts with one nitrogen atom in presence of acetic acid, 
with two nitrogen atoms in presence of small amounts of hydrochloric 
acid, with three nitrogen atoms in presence of 2N -hydrochloric acid. 

5. Guanidine and creatine do not react with nitrous acid in 
presence of acetic acid, but give off nitrogen in presence of hydro¬ 
chloric acid. 

Arginine, excepting its primary a-amino-group, behaves in a 
similar way. 

6. Creatinine gives off nitrogen corresponding to one nitrogen 
atom with nitrous acid in presence of acetic acid; the volume of 
nitrogen evolved is diminished in presence of hydrochloric acid. 

7. If nitrous acid in presence of acetic acid is a reagent for the 
presence of an —'N'EL 2 group, amides and the other compounds 
investigated will possess alternative formulae, which, in presence 
of hydrochloric acid, change to the usually accepted formulae for 
these compounds. 

The author desires to express his thanks to the Government Grant 
Committee of the Eoyal Society for a grant out of which the expenses 
of this research have been defrayed. 

St. Thomas’s Hospital Medical School, 

London. [Received, August 5th, 192$.] 
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caused a rapid increase in The basic chloride was readily 
decomposed on the addition of an excess of alkali. The fact that 
exactly 1-5 equivalents of sodium hydroxide were sufficient to 


Fro. 1. 



C.o.o/IT aOH, 


transform d molecule of mercuric chloride completely into air 
insoluble basic precipitate seems to furnish good evidence that’ 
the precipitate first formed was a definite salt, viz. t HgOa.SHgO. 
Some decomposition took place immediately an excess of 
was added, for after precipitation was complete about 2 c.o. of 

■4o* : * -■ '-'ife 
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CGCLXIII .—Solubility Influences . Part I. The Effect 

of some Salts , Sugars , and Temperature on the 
Solubility of Ethyl Acetate in Water. 

By Samuel Glasstone and Albert Pound. 

Although much, work has been done on the influence of salts on 
the solubility in water of various non-electrolytes (for chief refer¬ 
ences, see Eyre, Brit. Assoc . 1Rep,, 1910, 447; 1912, 820; Rivett 
and Rosenblum, Trans . Faraday Soc 1914, 9, 297; Linderstrom- 
Lang, Compt. Bend. Trav . Lab. Carlsberg, 1924, 15, No. 4), there 
seems to have been very little attempt made at a systematic 
investigation. Very little work, too, has been done on the influ¬ 
ence of non-electrolytes such as sugars on the solubility of other 
non-electrolytes such as ethyl acetate, ether, and aniline, and, as 
far as the present author is aware, there has been no systematic 
investigation of the effect of a mixture of substances, either elec¬ 
trolytes or non-electrolytes, on the solubility of a sparingly soluble, 
neutral substance. It seemed very probable that a complete 
examination of the so-called “ salting out ” effect would throw 
some light on the larger problem of solution, and the work described 
below was intended to be a contribution towards a more systematic 
survey of the problem than has yet been made. 

In the present work, the solubility of ethyl acetate has been 
determined at 25° and at 50° in pure water and in the presence of 
various sugars and of the chlorides, bromides, and iodides of the 
alkali metals and of ammonium. Some rough measurements have 
also been made of the solubility of various salts in ethyl acetate 
saturated with water (about 3%), and an interesting qualitative 
connexion between these values and those of the solubility of ethyl 
acetate in salt solutions has been established. The solubility of 
ethyl acetate in water has also been determined at 0°, 10°, and 37°. 

Philip (J., 1907, 91, 711) has shown the advantage of expressing 
solubility results of this kind in terms of grams or gram-moles per 
1000 grams of solvent rather than per litre of solution. A further 
change is now made, the results being expressed in terms of the 
number of gram-mols. of water required to dissolve one gram-mol. 
of ethyl acetate in the presence of various molecular quantities of 
added sugar or salt; in this form the results are useful for various 
calculations and for comparison with one another. 

: P : % > Experimental. 

Ethyl acetate made by Roberts’s method {J. Soc. Chem. Ind., 
295t) was purified from alcohol by distillation over 
<^hium chloride and thm by several fractionations over phos- 
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alkali had to be added before the solution attained a marked 
alkalinity. The partial investigation by Toda {Memoirs Coll . Sci . 
Kyoto , 1921, 4, 305) of the ternary system HgO-HCl-H a O at 35° 
failed to establish the individuality of HgCl 2 ,3HgO. A crystalline 
basic chloride of this composition is stated to occur naturally as 
kleinite and mosesite, and has also been prepared by several workers 
(compare Mellor’s “ Treatise/’ 1923, Vol. IV, p. 842). 

Curve No. 2 shows that the precipitate obtained from the cadmium 
sulphate solution was also basic. It was heavy and flocculent and 
its composition must have been CdS0 4 ,3Cd(0H) 2 ,rH 2 0, for 49 c.c. 
(=1*5 equivalents) of sodium hydroxide were required for its 
precipitation. Hamed (J. Amer . Chem. Soc., 1917, 39, 252) arrived 
at the same conclusion by conductimetric titration, and Pickering 
(J., 1907, 91, 1981) found that a solution of cadmium sulphate 
was rendered alkaline to phenolphthalein by the addition of T46 
equivalents of alkali. 

Curve No. 3, illustrating the precipitation of lead as a basic 
nitrate, is remarkable for the considerable change in hydrion con¬ 
centration which is shown to have taken place. The mode by 
which the precipitate was formed is yet another example showing 
that precipitation is often brought about by the coagulation of a 
colloidal solution, initially formed. A faint opalescence occurred 
on the addition of 20*5 c.c. of sodium hydroxide (p s = 6), but 
immediately after another 0*5 c.c. had been added a heavy, white 
precipitate appeared, only to pass, in the course of a few seconds, 
into colloidal solution. Further additions of alkali merely intensi¬ 
fied the turbidity of the solution, which became opaque after the 
addition of 33*5 c.c. The colloidal solution coagulated when 38 c.c. 
of alkali had been added. Once again, 1*5 equivalents of alkali 
were required for complete precipitation, showing that the com¬ 
position of the precipitate was Pb(N0 3 ) 2 ,3Pb(0H) 2 ,a;H 2 0. The 
existence of such a salt has been claimed by several workers. 

Silver does not appear to give a basic precipitate under these 
conditions, as will be seen from curve No. 4. 

The precipitation of basic copper sulphate is an excellent example 
to show how the composition of the precipitate may be influenced 
by the manner in which the precipitant is added. When the 
sodium hydroxide was added slowly to a copper sulphate solution, 
and the solution was thoroughly agitated, the precipitate was pale 
Hue, amorphous, and heavy, but when the alkali was added quickly, 
no care being taken to ensure thorough mixing, the precipitate was 
green and gelatinous and, in contrast to the former precipitate, 
turned black either on standing or on heating. Provided the 
amount of alkali added was insufficient to render the solution 
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phorus pentoxide; only the final constant-boiling fraction was 
used in this work. The salts and sugars were the purest com¬ 
mercial specimens, mainly supplied by the British Drug Houses, 
Ltd., and no attempt was made to purify them; slight impurities 
had very little effect on the solubility of ethyl acetate, and this 
was probably less than the experimental error. The various 
solutions were made up by careful weighing of the substance and 
the water, and were saturated with ethyl acetate as follows : Since 
the solubility of ethyl acetate in water and in aqueous solutions 
decreases with rise of temperature (see below), the solution was 
shaken with a slight excess of the ester at a temperature below 
26° or 50° and placed in a thermostat at 25° or 50°; the excess of 
ethyl acetate then separating caused the liquid to become cloudy. 
In the course of an hour or two the aqueous liquid was clear again, 
and was a saturated solution of the ester at the temperature of 
the thermostat. Care was always taken that the excess of ethyl 
acetate present was not so large that the amount of water or salt 
dissolved by it could not be neglected. 

For analysis, a quantity of the saturated solution (3 to 8 g., 
depending on the ester concentration) was transferred rapidly in 
a warmed pipette to a stoppered bottle and weighed; care was 
taken that none of the acetate layer was drawn into the pipette. 
In the cases of the various salts which it was desired to recover, 
and of the sugars, the weighed solution was diluted with water, 
washed into a distilling flask, and the ethyl acetate, and some 
water, distilled over and collected in water in such a way as to 
avoid loss of ester. The residue in the flask was always tested 
to make sure that no acetic acid, which might have resulted from 
the hydrolysis of the ester by boiling water, remained behind. 
The ester was then hydrolysed "with standard sodium hydroxide 
and estimated in the usual way. When the original solution 
contained an ammonium salt, distillation was always necessary, 
and in case the salt had become hydrolysed during this process 
and ammonia distilled over, the solution, after alkali hydrolysis, 
was boiled for a few minutes without the reflux condenser in order 
to expel ammonia. If distillation was unnecessary, the weighed 
solution was diluted and hydrolysed directly. 

Results .—The columns headed m and w give the number of 
g.-mols. of added substances and of water, respectively, required 
to make a solution which will be saturated with 1 g.-mol. of ethyl 
acetate at the temperature stated. The significance of the figures 
in the column headed n is explained on p. 2664. In the absence 
of any added substance the value of w (w Q ) is 66*16 at 25° and 
80-98 at 50°. 
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alkaline, the gelatinous precipitate, on shaking, gradually became 
converted into the less basic, amorphous precipitate* The pre¬ 
cipitate obtained in the titration was amorphous and, as will be 
concluded from the amount of alkali (147 equivalents) required 
for its precipitation and to render the solution alkaline, contained 
CuO and S0 3 in the molar ratio 4:1. In his experiments on 
copper sulphate solutions, Pickering (loc. cit.) found that whilst 
1-53 equivalents of sodium hydroxide actually produced complete 
precipitation as basic sulphate, the solution on treatment with 
alkali did not become alkaline to phenolphthalein until about 1-7 
equivalents had been added. This initial alkalinity gradually 
disappeared until approximately 1*8 equivalents had been added. 
It is evident that Pickering obtained complete precipitation as 
GkiS0 4 ,3Cu(0H) 2 ,£H 2 0 in one case. The fact that the initial 
alkalinity did not coincide with the end of precipitation was due 
to the way in which the alkali was added during the testing with 
phenolphthalein. In the present electrometric titration, complete 
precipitation and alkalinity to phenolphthalein took place simul¬ 
taneously. Pickering believed that the greater amount of alkali 
pointed to the precipitation of a mixture of basic sulphates, 
4Cu0,S0 3 and 10CuQ,S0 3 ; the individuality of the latter he 
thought to be sufficiently established by the amount of alkali 
required to cause final alkalinity. Hamed (loc, cit .), by titrating 
with a copper electrode, also found that precipitation was com¬ 
plete when 1-7 equivalents of sodium hydroxide had been added, 
Harned’s observation, as was Pickering’s, was due to the manner 
in which the precipitant was added. In a subsequent paper, it 
will be shown that the pale blue, amorphous precipitate is a definite 
basic salt, 4Cu0,S0 3 ,4H 2 0. 

The uranic solution used in the titration was prepared by dis¬ 
solving so-called uranyl nitrate in nitric acid, The colour of the 
solution was pale yellow, but important changes in the intensity 
occurred during the titration. Curve No, 6 shows that a slight 
inflexion occurred immediately after the acid in excess of that 
required to form uranic nitrate had been neutralised with 14*9 c.c, 
of alkali; this, perhaps, may be due to the presence of sexavalent 
uranium nitrate in the solution (compare the titrations of the 
chlorides of zirconium and ferric iron). This small inflexion was 
repeatedly obtained* No appreciable change in colour was observed 
until 45 c.c. of sodium hydroxide had been added, the composition 
of the solute then being U(N0 3 ) 2 - 38 (0H) 3 . 62 . Thereafter the solu¬ 
tion, though remaining clear, gradually became deeper in colour 
until 55-8 c.c. of alkali had reacted, the solution then cont aining 
^(N0 8 ) lt>8 (0H) 4 . 82 ; at this stage a yellow precipitate began to 

4 c** 2 
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Lithium chloride. 


m. 

w. 

n. 

0-667 

76*67 

15*7 

2-27 

98*92 

14*5 

6-28 

133*7 

10*7 

24-85 

231*5 

6*7 

134-5 

476*2 

3*3 


Lithium bromide. 


m. 

w. 

25°. 

n . 

0*287 

68-16 

7*0 

0*777 

71-19 

6*4 

1*824 

77*14 

6*0 

4*85 

91*19 

5*2 

13*26 

96*27 

2*3 

15-66 

40-65 



Lithium iodide, 
m ' w. n. 


0-475 65-90 — 

0-905 62-60 _ 

1-957 58-40 — 

3-44 38-5 — 


50°. 


0*858 

2*905 

8*08 

31*55 

181*2 

98*65 

125*9 

171-8 

294*1 

641*0 

20*6 

15*0 

11*2 

6-7 

3*1 

0-354 

0-935 

2-325 

6-12 

18-40 

84- 03 

85- 47 
98-46 

115-2 

133-3 

8-6 

4-8 

7-5 

5*6 

2-9 

0-566 

1-112 

2-36 

5*02 

0*912 

78-5 

76-9 

70-5 

56-0 

4-56 




19-58 

83-5 

— 

Sodium chloride. 

Sodium bromide. 

Sodium iodide- 

0-219 

0*477 

1*540 

4*86 

12*03 

27*10 

59*30 




25°. 




70*68 

76*65 

94*34 

142*0 

218*8 

352*1 

581*4 

20*7 

22*0 

18*3 

15*6 

12*7 

10*6 

8*7 

0-229 

0*630 

1-560 

4*91 

12-10 

47*40 

71*10 

76*76 

87*72 

121*2 

173-3 

367-6 

16-8 

13*9 

11*2 

8-8 

6*4 

0-163 

0*432 

0*774 

2*165 

6*46 

21*32 

67*14 

68-25 

68-78 

73-37 

82-58 

109-4 


0*273 88-12 26-1 

0*589 94*80 23*4 

2*02 123*5 21-Q 

6-43 188*0 16-6 

14*40 261*8 12-6 

33*42 434*8 10-6 

85*00 833-3 8-9 


50°. 


0*294 

91-66 


0-794 

96*64 

19-6 

2-69 

116-3 

13*1 

6-43 

158-7 

12*1 

15-48 

221-7 

9*1 

52-60 

408*2 

6*2 


0*243 

84*37 

13-6 

0-535 

84*75 

7-0 

0*978 

86*58 

5*6 

2*81 

95*24 

5*0 

8*44 

107*8 

3*2 

27*76 

142*5 

2*2 


Potassium chloride. 


Potassium bromide. 
25°. 


Potassium iodide. 


0*168 69*15 

0*369 74*75 

1-093 86*21 

3*06 112*9 

6*96 155*0 

12*19 203*7 
22*90 284*9 

0*213 87*57 

0*458 92-73 

1*438 113*3 

4*09 152*7 

8*87 197-6 

14*70 245*7 

31-07 386*1 


17*8 

0-249 

23*3 

0-610 

18*3 

1-39 

15*2 

4-29 

12*7 

9-44 

11*3 

21-90 

9*5 


_ 

0-370 

25*5 

0-737 

22*4 

1-774 

17*5 

5-46 

13*1 

12-65 

11*2 

30-68 

9*8 



69-20 

12-3 

76-70 

17-3 

84-03 

12*8 

114-9 

11*3 

148*6 

8*7 

220-8 

7*0 

50°. 


85-09 

11*0 

92*59 

15*7 

107*1 

14*7 

146*0 

11*9 

199*2 

9*3 

308*6 

7*4 


0-150 

68*03 

0-396 

69*69 

0-860 

71*43 

2-02 

75*19 

6-45 

87*72 

20-19 

125*0 

0-181 

82*26 

0-473 

83*33 

1-045 

86*81 

2-44 

90*91 

7-71 

106*7 

24-22 

149*9 


12*5 

9*0 

6*1 

4*5 

3*3 

2*9 


7*0 

4*9 

5*5 

4*1 

3*3 

2*8 


Rubidium chloride. 


0*578 77*52 19*7 

1*454 93*10 18*5 

5*22 135-9 18*8 

14*20 224*7 12*5 

07-8 546*4 7*1 


Rubidium bromide. Rubidium iodide. 
25°. 


0*421 73*53 

0*993 80*65 

2*55 94*69 

; 7^65 132*5 

24*00 222*7 


17*5 0*298 

14-5 0*635 

11*2 1*475 

8*6 2*66 

6*5 5*69 

12*53 


66-82 

2*2 

. 68-78 

4*1 

69-69 

2*4 

73-42 

2*7 

82-58 

2*9 

107-0 

2 . 9 ! 
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separate. It happened that this change corresponded exactly to 
a new section of the curve, and the point of inflexion corresponded 
to the solution in which the change in shade of yellow was first 
noticed. The diminished hydrion concentrations of the deeply 
coloured solutions, about p K 3*7, were close to that at which pre¬ 
cipitation began, p& 4*2. The deepening in colour of the highly 
basic solutions seems to have been due to a gradual increase in the 
size of the basic particles, the uranium hydroxide being held in 
solution in a state closely akin to that of a colloid. The hydrion 
concentration of the solution when 48 c.c. of alkali had been added 
was 10" 3 7 ; the solution then contained the proportions of uranium 
and nitrate present in uranyl nitrate but was much deeper in 
colour than that obtained by dissolving uranyl nitrate crystals. 
The explanation of this difference probably lies in the fact that 
uranyl nitrate is crystallised from strongly acid solutions. On 
solution in water, it tends to revert to a state which is probably 
colloidal, as shown by the changes in colour and in conductivity 
which it undergoes on standing and especially at higher tem¬ 
peratures (Dittrich, Z . phydiked. Ohem 1899, 29, 449). If the 
increase in conductivity which takes place on standing is due to 
the formation of particles which are essentially colloidal, these 
particles must be capable of some kind of ionisation. There seems 
to be very little support for the belief that uranyl salt solutions 
contain the “ uranyl ” kation; none is to be found in conductivity 
measurements, which show that the increases in conductivity with 
dilution of solutions of the nitrate, chloride, and sulphate are 
anomalous. 

The diagram shows that precipitation was complete when 64 c.c. 
of alkali had been added as compared with the 64*7 c.c. which were 
required for the complete formation of uranic hydroxide. Hence 
the precipitate was uranic hydroxide containing a very small 
quantity of undecomposed nitrate. The text-books state that 
alkalis precipitate “ diuranates ” and not uranium hydroxide; 
e.g., with sodium hydroxide, the precipitate is stated to be Na 2 U 2 0 7 
(compare Boscoe and Schorlemmer’s “Treatise,” Vol, II, p. 1154, 
revised 1923). Jolibois and Bossuet ( Compt . rend., 1922,174, 
1625) found that the precipitates produced by the action of sodium 
hydroxide on uranyl nitrate solutions contained no nitrate; the 
small quantities of sodium hydroxide present, varying from 1*2 
to 8% they conm<teed to be adsorbed. 

Dilute acid solutions of uranium nitrate or. uranyl salt solutions 
themselves, when gently heated, underwent some profound change; 
the colour became deeper and the reverse change on cooling took 
place very slowly. They became alkaline to phenolphthalein when 



PART I. 

THE EEEECT OE SOME 

SALTS, 

SUOARS, 

ETC. 

2663 

Rubidium chloride. 

Rubidium bromide. 

Rubidium iodide. 

m . 

w. 

n. 

m. 

w. 

n. 

m. 

w. 

M. 





50°. 





0-742 

94-5 

18-2 

0-502 

87-64 

13-2 

0-358 

80-33 

_ 

6-62 

172-4 

13-8’ 

3-23 

119-8 

12-0 

1-788 

84-37 

1*9 

84-4 

680-3 

7-1 

40-5 

375-9 

7-2 

7-26 

105*3 

3-3 

Caesium chloride. 

Caesium bromide. 

Caesium iodide. 






25°. 





0-427 

74-52 

19-6 

0-321 

70-68 

14-1 

0*237 

67-79 

6-9 

1*004 

86-21 

20-0 

0-693 

74-52 

12-1 

0-538 

68-87 

5-1 

3-065 

113-6 

15*5 

1-835 

86-81 

11-2 

1-241 

70-78 

3-7 

7-04 

153-1 

12-4 

3*47 

97-95 

9-1 

2*70 

72-30 

2-3 

26-70 

294-1 

8-5 

8-80 

135-0 

7-8 




132-5 

671*1 

4-6 


50°. 





0-530 

92-59 

21-9 

0-400 

88-12 

17-8 

0-290 

82*88 

6-5 

3-802 

141-0 

15-7 

2-235 

105-8 

11-1 

1-487 

84-79 

2-6 

29-95 

330-0 

8-3 

11-92 

179-9 

8-3 

3-44 

93-01 

3-5 

197-8 

1000-0 

4*6 

35-10 

275-5 

5*5 





Ammonium chloride. 

Ammonium bromide. 

Ammonium iodide. 





25°. 





0-525 

76*54 

19-8 

0-273 

70-0 

13-6 

0-422 

64-4 

_ 

1-568 

89-14 

14-7 

0-725 

74-4 

11*4 

0-866 

63-2 

— 

4-28 

112*4 

10-8 

1-680 

81-9 

9-4 

1-87 

66-8 

— 

8-41 

139-7 

8*7 

4-33 

94*0 

6-4 

4-74 

67-4 

—. 

14-95 

174*5 

7-2 

8-55 

109-5 

5-1 

12-42 

62*1 

— . 




16-38 

122-7 

3-5 








50°. 





0-632 

92-14 

17-6 

0-338 

86-5 

16-2 

0*513 

86*4 

. — 

1-973 

112-2 

15-8 

0-839 

90-8 

11-7 

1-094 

79-6 

— 

5-65 

148*4 

11-9 

2-107 

102-5 

10-2 

2-418 

78-7 

— 

11-42 

189-8 

9-4 

5-55 

120-6 

7-1 

6-28 

76-2 

— 

18*61 

216-9 

7-8 

11*77 

150*8 

5*9 

16-32 

88-8 

0-5 




21-78 

177-0 

4-4 




Dextrose. 


Laevulose. 


Sucrose. 






25°. 





0-0692 

68*6 

25*4 

0*394 

73-8 

19-4 

0-0734 

66*4 


0-1423 

69-3 

22*0 

0-867 

78-3 

14-0 

0*190 

68*5 

12-9 

0-392 

73-6 

19-0 

1-445 

81-9 

10*9 

0*406 

69*6 

8-5 

0-871 

78-6 

14*3 

2-178 

87-0 

9*6 

0-696 

75*0 

12*7 

1-486 

84*1 

12*1 

4-270 

99-8 

7-9 

1-010 

77-6 

11-3 

2-262 

90-6 

10-8 

8*65 

131-0 

7*5 

1-935 

86-7 

10-6 

3-315 

98-5 

9*7 




3*57 

101*5 

9-9 







6-10 

115-9 

8-1 





50°. 





0-0826 

81*8 

9*7 

0-475 

89-0 

16-6 

0-091 

82*1 

12-1 

0-1708 

83-1 

12-3 

1*045 

94-3 

12*7 

0*233 

83-9 

12*4 

0-462 

86-6 

12-1 

1-720 

97*4 

9-5 

0-508 

87-0 

11*8 

1-016 

91*5 

10-3 

2*520 

101*0 

7-9 

0-833 

89-6 

10*3 

1-705 

96-6 

9*1 

4-76 

111-2 

6-3 

1*206 

92-9 

0 * 

2-593 

103-6 

8-7 

8-89 

134*8 

6*1 

2-35 

105-4 

10-4 

3-722 

110*7 

8-0 




4-18 

119*0 

9-1 







6*81 

129-2 

.■mi 
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the theoretical amount of alkali was added, but a precipitate 
separated only when an appreciable excess of alkali had been 
added or the solution had been boiled for some time. The opal¬ 
escence of the alkaline colloidal solution depended on the tem¬ 
perature to which the original solution had been heated. The 
deep yellow solutions formed by gentle heating were almost clear, 
whereas those which had been boiled became visibly colloidal. If 
not too great an excess of alkali had been added, the resulting 
colloidal solutions remained quite stable for several days. They 
were coagulable on addition of 1 or 2 c.c. of saturated potassium 
chloride solution. Heating thus appeared to have caused some 
change in the state of aggregation of the particles of uranium 
hydroxide or more likely of highly basic salt, which were probably 
in equilibrium with free nitrate ions and were thereby enabled to 
enter into reaction with alkalis so that the uranium hydroxide 
complexes remained in colloidal solution. 

Curve 7 represents the titration of an acid solution of ferric 
chloride and correlates the changes in hydrion concentration with 
the changes in colour. It is something more than a coincidence 
that the colours of solutions containing basic salts should be similar 
to those of their respective hydroxides. The colour of solutions of 
both the basic salts of chromium with strong aoids and chromium 
hydroxide is green, and the uranium solutions are pale yellow but 
become intensely yellow as they become more basic and are then 
identical in colour with uranium hydroxide. As is well known, 
ferric chloride solutions freshly prepared or containing an excess 
of free acid, are only slightly coloured; on standing, the solution 
reddens and its colour approaches that of red ferric hydroxide. 
In the present titration the end of the neutralisation of the free 
acid appears to be indicated by an inflexion, at 201 c.c. of sodium 
hydroxide. As the solution was rendered more basic, the colour 
gradually changed from yellow to red. It became quite red after 
addition of 30 c.c, of sodium hydroxide, when the composition of 
the solute had become Fe(OH) 0 . 74 Cl 2 - 2 8 , and with 39 c.c, it began 
to opalesce. Afterwards the solution became increasingly colloidal 
and became opaque at 3, which, as will be seen from the curve, 
occurred just when the sudden change in hydrion concentration 
had begun. Coagulation set in when the p H had become 6-6 and 
58 c.c. of alkali had been added, the composition of the basic chloride 
then being Fe(OH) m Clo 15 . 

As the colloidal solution persisted until nearly all the chloride 
had reacted, experiments were made to see if it were possible to 
prevent coagulation while the solution was being subjected to a 
sudden fall in hydrion concentration. As in the case of basic 
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m. 

0-0706 

0*190 

0-423 

0-739 

1-094 

1*575 


25° 


69-4 

72*5 

77-4 

82*0 

88-7 

94-7 


Lactose. 




50°. 


nl 

m. 

w. 

n. 

46-0 

0-0848 

83*3 

27* 

33-4 

0-222 

84*7 

16* 

26-6 

0-487 

89*0 

16- 

21-4 

0-854 

94-8 

16*. 

20-6 

1-234 

100-0 

15*< 

18*1 

1-762 

105-9 

14*: 


Discussion . 

In. general, the effect of one substance in reducing the soh 
of another has been explained along two different lines. 

f * Chem -> 1899 > 31, 360) suggested that the addit 

a salt to water increases the internal pressure, and this rest 
a decreased solvent power for a neutral solute; this theor 
supported.by Geffcken (ibid., 1904, 49, 257), but was adv 
criticised by Levin (ibid., 1906, 55, 503). On the other 

SSS \ 19 ?°’ 335 401 ^ ^sted that the reducti 

solubility is due to the added salt becoming hydrated in soh 

so that the molecules of water involved in the hydration a 
longer available for the dissolution of another substance. Alth 
ttothmund later criticised this point of view (ibid., 1909, 69 
it received support from Baur (Ahren’s Sammlung, 1903, 8, 
Ijwry Faraday Soc., 1905, 1, 197) and Philip (J., 

Jr? 71 V* . last au ^hor was the first to make use of solul 

etemunations m salt solutions in order to calculate the hydri 
alues of various salts; by assuming that the reduction in solul 

sub f tanC6 is entirel y due to water mole 
mSp i d m the salt-hydrate, average values for the numbe 
molectdes of hydrate water per molecule of salt can be obtai 

“lJ h °^ 0f calcuIatia g hydration values has been a P] 

S S ! ° f b S m6d 1 m th6 preSent WOTk ’ and tte average d 
Salte ’- 6tC -’ at Vajious oonoeil trations, whit 

equal to («;-«, 0 )/m, is given in the C0l umn headed ». 

iol m ^ erB l S .°T d ° ubt M to the condition of molecules 
Sl Ct solutions, the hydration values for diffe 
T , .. compared at infinite dilution; consequently all 
fflanbera obtained above have beei otaS™ 
to aero eohoestathm. Th e ramlts are given belowfiSe™ 
appreciably hetwern 26“ and 50", average rwult. 

Hydration <,/ Balls at Infinite Dilution. 

W-...« »t...«, ... .| t eg*... 



2156 Britton : electrometric studies oe the 

uranium nitrate solutions, this possibility depended on the changes 
which had taken place in the ferric chloride solutions before treat¬ 
ment with alkali. Aqueous solutions of ferric chloride more dilute 
than N /25, on boiling, acquired a deep red colour, and often remained 
colloidal on treatment with A/10-alkali in slight excess. Small, 
red, amorphous precipitates separated in some cases, but even 
then the precipitation was incomplete and the solids did not settle 
until several hours had elapsed. The presence of a little hydro¬ 
chloric acid in the solutions before heating had some stabilising 
effect on the colloidal solutions which were subsequently produced. 
In one case the colloidal solution remained stable for nearly 3 months. 
This solution was prepared by adding 55 c.c. of N /10-sodium 
hydroxide to 500 c.c. of a boiling solution containing 100 c.c. of 
N /25-ferric chloride and 10 c.c. of N /10-hydrochloric acid. It 
seems certain that the red colour of boiled ferric chloride solutions 
was due to dispersed ferric hydroxide particles, and consequently 
the increase in the size of the basic chloride particles caused by 
rendering the solution alkaline was not so great as that occurring 
in an unboiled solution, and therefore did not produce coagulation. 
The increased stability of the colloidal solutions prepared from 
acidified ferric chloride solutions was probably due to the effect 
of the acid in suppressing the growth of the colloidal particles 
on boiling, thereby giving rise to a more highly dispersed and 
more stable colloidal solution. Prolonged boiling decomposed 
these alkaline colloidal solutions, and they were readily coagulated 
on addition of electrolytes in sufficient amounts. 

It is probable that the solubility product of very weak bases 
such as ferric hydroxide has very little meaning, but in view of 
the recent work of Jellinek and Gordon (Z. physikal. Chem. t 1924, 
112, 235) it is interesting to compare their value for [Fe'^JOH'] 3 , 
viz., 10” 37 ' 9 , with that given by the titration curve. They measured 
the hydrogen-ion concentrations with the hydrogen electrode of 
solutions of ferric chloride, containing potassium chloride to coagulate 
the colloidal solutions, to which varying amounts of sodium hydr¬ 
oxide had been added. The concentration of ferric ions in the 
mother-liquor was determined colorimetrically as thiocyanate. 
The latter method is probably unsatisfactory, because the acid 
used would materially affect the concentration of ferric ions in a basic 
ferric chloride solution. If it be assumed that in the titration 
the appearance of opalescence marked the point at which ferric 
hydroxide actually began to separate, and that the amount of free 
ferric ions was equivalent to the remaining amount of alkali to be 
added to decompose the ferric chloride completely, the value for 
the solubility product becomes 1(T 37 ‘ 7 . Thus opalescence occurred 
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The results for the lithium salts and almost all the iodides are 
uncertain; the solubility figures in italics (pp. 2662—3) show that 
lithium bromide at the highest concentrations, and lithium and 
ammonium iodides at almost all concentrations, increase the 
solubility of ethyl acetate in water. The increase is probably 
connected with the formation of a compound between the salt 
and the ester; concentrated solutions of iodides containing ethyl 
acetate have a distinct yellow colour which is not due to the presence 
of free iodine and can be attributed only to the presence of some 
complex substance in solution. There was no evidence of a meta- 
thetical reaction between the salt and the ester. The remarkable 
fact that at 25° ethyl acetate and a 60% solution of lithium iodide 
in water are miscible in all proportions merits further investigation. 
Some experiments have been made on the solubility of the various 
salts in ethyl acetate saturated with water; lithium chloride, 
sodium, potassium, ammonium, rubidium and caesium iodides are 
slightly soluble, whilst lithium bromide and iodide are consider¬ 
ably soluble (roughly 30% and 40%, respectively, at 25°). It is 
with the salts which are soluble in ethyl acetate, therefore, that 
anomalous results have been obtained; it follows, then, that 
whenever the added salt either combines with or is soluble in the 
neutral solute the hydration values calculated by the method 
described above are useless. 

Although the hydration values given above axe in good agree¬ 
ment with those calculated by other authors from a variety of 
solubility measurements (Philip, loo. tit.; Philip and Bramley, 
J., 1915, 107, 377; McArthur, J. Physical Ghem 1916, 20, 495 ; 
Thorne, J., 1921, 119, 262; Manehot, Jahrstorfex, and Zepter, 
Z. anorg. Ghem., 1924, 141, 45), it does not follow that hydration 
is the main, or even the subsidiary, cause of salting-out. This 
effect may be due to some other fundamental property of each 
ion or molecule, which is independent of the nature of the sub¬ 
stance being salted-out, provided no compound formation occurs* 
In the case of the sugars, some of the hydration values calculated 
by the method described above appear to be incredibly large and 
to vary considerably with temperature, and so it is probable that 
other factors axe operative. 

It is seen also that molecules of a non-electrolyte have the power 
of reducing very considerably the solubility of ethyl acetate in 
water, Euler and his co-workers (Z. Elektrochem., 1917, 23, 192; 
Z. 'physiol . Ghem., 1924, 440, 113) appear to have tacitly assumed 
that only ions are responsible for salting-out, but it is clear that 
this assumption is not justifiable, McKeown also (J. Amer. Ckem* 
Soc 1922, 44? 1203), in attempting to' assess the salting-^ 
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on the addition of 39 c.c. of iST/10-alkali; == 2*3. Hence 

[OH'] = 1CT 11 ' 8 and [Fe”] » 20*9/39*8.100/139.0*0133 - 10^, 
Muller (“ Das Eisen und seine Verbindungen,” 1917, p. 281) 
calculated the value 6*5 X 10“ 47 from Bodlander’s formula (Z. 
physikah Chem 1898, 27, 66). 

Arrangement of Metals in the Order of the Hydrogen-ion 
Concentrations required for the Precipitation of their 
Hydroxides . 

It was stated in Part I that no principle has yet been found 
which leads to a satisfactory arrangement of the metals such that 
the order is that of the basic strengths of their hydroxides. The 
titrations described in the foregoing pages show that for each 
hydroxide there is a definite hydrogen-ion concentration at which 
its precipitation normally takes place. It is true that the majority 
of the hydroxides are thrown out of solution as basic precipitates, 
but the hydrogen-ion concentrations at which these are precipitated 
probably do not differ greatly from those of the particular hydr¬ 
oxides. The table gives the metals in the order of the hydrogen-ion 
concentrations at which their respective hydroxides are precipit¬ 
ated from dilute solutions. Although it is not certain that this 
order is that of the actual basic strengths of the hydroxides, it can 
be stated, as will be shown later, that it is these hydrogen-ion 
concentration relationships which underlie many of the reactions 
of the various metallic salt solutions. 


Hydrion 

eonc. 

10- 11 

Magnesium 

Hydrion 

cone. 

« 

Cadmium 

Hydrion 

cono. 

Copper 

jO-io 

10~» 

Silver 

Praseodymium 

Neodymium 

1 <H 

Chromium 


Manganous 

Yttrium 

Aluminium 

10- 8 

Lanthanum 

Mercuric 

Cerous 

10“* Samarium 

Ferrous (?) 

Lead (?) 

10~ 4 

Uranic 

Thorium 


Cobalt 

Nickel 

IQr* Zinc 

Beryllium 

10-8 

Stannous 

Zirconium 

Ferric 


An arrangement now widely adopted is that based by Abegg 
and Bodlander (Z. anorg . Chem., 1899, 20, 453) on their theory 
of electroaffinity, which states that the electrolytic potential con¬ 
stitutes an approximate measure of the basic strength of the metal. 
Comparison with the present arrangement brings out the following 
important differences. According to the position of aluminium 
in the table, aluminium hydroxide is an extremely weak base, 
weaker than chromium hydroxide, yet aluminium occurs higher 
than chromium in the electropotential series. There is no doubt 
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of sodium- and chlorine-ions, assumes that the salting-out effect 
of undissociated molecules is very small; he finds that when ether 
is salted out with sodium chloride the effect is entirely due to the 
chlorine ions. It should be pointed out, however, that since the 
equations from which this result is obtained are admittedly 
approximate, the conclusion is of little value; almost equally 
good agreement with most of the equations may be obtained by 
using entirely different values from those of McKeown. In the 
case of ethyl acetate, it is clear that both anions and kations have 
definite salting-out power; the kations would be placed in the 
order Li > Na > K > NH 4 > Rb > Cs , and the anions in the order 
Cl>Br>L 

Various authors have attempted to obtain equations which 
connect the solubility of a neutral substance in a salt, or other, 
solution with the concentration of added salt; in general, an 
equation of the type log s = a — Jcc has been found to be most 
satisfactory, where s is the solubility of the neutral substance, 
c the concentration of salt, and a and h are constants (for references, 
see Thorne, he. tit., and Linderstrom-Lang, he. cit.). In the 
present work, it has not been possible to find any one equation 
which will fit all the results up to the highest concentrations of 
added salt; in general, the logarithmic equation was found to 
hold good in the form log w = kmjw + where a and 1c are con¬ 
stants for a given salt, and w and m have the same meaning as 
before, up to concentrations of 2—3 N. For some salts—sodium, 
potassium, and rubidium chlorides—the agreement was very good 
almost up to the saturation point. In those cases in which the 
salt was soluble in ethyl acetate the logarithmic equation was not 
obeyed at all. In the presence of lithium chloride, the solubility 
of ethyl acetate may he expressed by the straight-line equation 
w ~ km a, and a similar equation holds good for the more 
concentrated sugar solutions. The fact that the results will not 
all conform to one simple equation suggests that the salting-out 
effect is due to several different factors, on which, it is hoped, 
tether investigations will throw light. 

Solubility of Ethyl Acetate in Water . 

As the literature is very deficient in measurements of the solu¬ 
bility of ethyl acetate in water at different temperatures, a number 
of deteiminations have been made by the method described above 
for salt solutions, with the following results 

• •• " • "• ■■ • r '"'’'y* • ••• •' . ' • ■ . \ ' ■ ‘ ■ ' 

' ; Grams of E&hyl Acetate dissolved by 100 grams of Water. 

at O^s 8-9G at 10°; 7-39 at 26°; 6-65 at 37°; 6-04 at 50°. 
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that both aluminium and chromium hydroxides are much weaker 
bases than manganous hydroxide, and this is also indicated by the 
present scheme, but according to the electropotential series they 
are both placed above manganese. Heyrovsky ( Proc . Roy. Soc. 9 
1923, A , 102, 628) has pointed out that the thallous potential is 
small, which necessitates placing thallium relatively close to hydro¬ 
gen in the electropotential series, in spite of the fact that thallous 
hydroxide is a strong base and is not precipitated by alkalis. If 
it be assumed that the electrolytic potentials of metals under 
identical conditions are a measure of their electroaffinities, i.e. 9 
the free energies by which the elements take up electric charges, 
it cannot be concluded, as was admitted by Abegg and Bodlander, 
that the potentials as determined are in any way parallel to the 
electroaffinities, for nothing is known of the relative atomic solu¬ 
bilities of the various metals in water. Unless it is known that 
the number of atoms of the different metals which pass into solu¬ 
tion is the same, no guarantee can be obtained that an arrangement 
accruing therefrom is in any way true. Heyrovsky attempted to 
amend the above method by introducing such factors as the mass 
of the kation, and obtained an order which he stated “ comes out 
right.” Heyrovsky s system indicates that lead hydroxide is a 
stronger base than magnesium hydroxide, and that mercuric oxide 
is a very weak base, weaker than zinc hydroxide. The present 
table suggests the contrary in both cases. It is well known that 
water becomes alkaline (to litmus) when shaken with mercuric 
oxide, but remains neutral when shaken with zinc oxide. 

It is probable that the present table provides as satisfactory 
an arrangement as any that has been hitherto advanced, as far 
as the general reactions which involve the strength of the base are 
concerned. The position of the hydroxides in the table is the 
important factor in processes for separating hydroxides or basic 
salts, as was shown to be the case in the separation of thoria 
from the rare earths (see Part III). The basic acetate and basic 
succinate methods for the separation of manganese from iron 
depend on the great difference in hydrogen-ion concentration re¬ 
quired to precipitate their respective hydroxides. Lundell and 
Knowles (J. Amor. Chem. Soc ., 1923, 45, 676) have shown that 
the separation may equally well be performed by fractional pre¬ 
cipitation with ammonia in presence of ammonium chloride, the 
precipitation of the ferric hydroxide being controlled by rendering 
the solution just alkaline to methyl-red, i.e., about 6*3. The 
reason for this is apparent from the hydrion table of the hydroxides. 
The table also explains why mercuric oxide can be used as a separ¬ 
ating agent for various bases. Thus E. F. Smith and Heyl (Z. 
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The following figures have been obtained by interpolation from a 
graph:— 

7-85 at 20°; 7-06 at 30°; 6-50 at 40°. 

The solubility thus decreases steadily as the temperature is raised 
from 0° to 50°. 

Summary . 

(1) The solubility of ethyl acetate has been determined at 25° 
and 50° in solutions of the chloride, bromide, and iodide of the 
alkali metals and of ammonium, and in solutions of dextrose, 
kevulose, sucrose, and lactose. 

(2) It is shown that hydration of the salt may be one of the 
factors responsible for the salting-out effect; this effect may, 
however, be due to some other fundamental property of salt ions 
or molecules. Molecules, as well as ions, probably have considerable 
salting-out power. 

(3) The solubility of ethyl acetate in salt solutions is best expressed 
by a logarithmic equation, e.g>, log w = bnjw + a\ the application 
of this equation, however, is limited to the more dilute salt solutions. 

(4) The solubility of ethyl acetate in water has been determined 
at 0°, 10°, 25°, 37°, and 50°; the solubility decreases with increasing 
temperature. 

The authors are indebted to the Chemical Society for a grant 
from its Research Fund which defrayed part of the expense of 
this work. Their thanks are also due to Mr. A. L. Stephens, B.Se., 
and Mr. W. R. P,.Hodgson, B.Sc., for valuable assistance. 

University College, Exeter. [Received, August I Ith, 1925.] 


CCCLXIV .—The Preparation of Tertiary Arsines by 
the Friedel-Crafts Reaction . 

By Arthur Frederick Hunt and Eustace Ebenezer Turner. 

The first successful application of the Friedel-Crafts reaction to the 
preparation of tertiary arsines was the conversion of phenylmethyl- 
chloroarsine into diphenylmethylarsine (Burrows and Turner, J., 
1921, 119, 426), If the reaction were generally applicable to the 
preparation of tertiary arsines, cases would arise where it would 
be preferable to syntheses involving the use of the Grignard reagent. 
A few examples have been studied, and it has been found that 
phenylmethylchloroarsine (chosen because of its ready accessibility) 
condenses with mesitylene to give phenylmesitylmethylardne, and 
with toluene and bromobenzene to give mainly the para-compounds* 
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anorg. Chem ., 1894, 7, 87) showed that mercuric oxide caused the 
complete precipitation in the cold of ferric, aluminium, and chrom¬ 
ium hydroxides, the partial precipitation of zinc, cobalt, nickel, 
uranium, beryllium, cerous, and lanthanum hydroxides, and failed 
to precipitate manganous hydroxide. The table shows that the 
hydrogen-ion concentration peculiar to mercuric oxide is greater 
than that required to precipitate manganous hydroxide, is approxim¬ 
ately equal to that required for lanthana, is somewhat less than that 
required by those hydroxides which were partly precipitated, and 
is considerably less than that of the three bases which were completely 
precipitated. 

Summary . 

(1) The reactions between sodium hydroxide and salt solutions 
of certain metals have been followed with the oxygen electrode, 
the hydrogen electrode being inapplicable. 

(2) A scale of hydrogen-ion concentrations has been applied to 
the observed voltages, accurate to the extent of about 0-5 unit 
except in the case of the silver nitrate titration. 

(3) Basic precipitates, probably containing definite basic salts, 
were obtained from solutions of mercuric chloride, copper sulphate, 
cadmium sulphate, and lead nitrate. 

(4) The precipitate obtained from uranium nitrate solution was 
the hydroxide containing a little nitrate, and not sodium diuranate 
as is often stated. 

(5) Significant changes in colour were observed in the titrations 
of both uranic and ferric salts. 

(6) The twenty-five hydroxides which have been investigated 

have been arranged in the order of their respective precipitation 
hydrogen-ion concentrations. . 

In conclusion, the author wishes to thank Prof. J. 0. Philip, 
F.R.S., for kindly placing facilities at his disposal, and the Depart¬ 
ment of Scientific and Industrial Research for a personal grant. 

Imperial College op Science and Technology, 

South Kensington, S.W. 7. JBeceived, July 1st, 1925.] 

CCXCI.— The Interaction of Ethyl Acetoacetate and 
o-Hydroxydistyryl Ketones. Part II. 

By Isidor Mokbis Hbilbron, Thomas Alfred Forster, and 
Abraham Brhoe Whitworth. 

The condensation of ethyl acetoacetate with o-hydroxydistyryl 

ketones was shown by Heilbron and Forster (J., 1924, 

to lead to the formation of cydohexenones and not, as ^ , 
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phenyl-p-tolylmeihylarsine and p -bromodiphenylmethylarsine, respect¬ 
ively. Proof of the constitution of the two last-named compounds 
has been obtained by independent syntheses, using the usual 
methods. In other Friedel-Crafts reactions, bromobenzene gives 
mainly para-compounds (Dilthey, J. pr . Chem.> 1926, 109,. 273). 

It appears to be advisable, in the case of Friedel-Crafts reactions 
with arsenic compounds, to use an excess of the non-arsenical com¬ 
ponent, and to remove the hydrogen chloride as fast as it is formed 
by keeping the reaction mixture gently boiling under diminished 
pressure. In the reaction with bromobenzene, a little of the latter 
is converted into 4-bromodiphenyl. 


Experimental. 


Preparation of Phenylmetkylchloroarsine. —The substitution of 
methyl chloride and sulphate for methyl iodide in the methylation 
of phenylarsenious oxide (Burrows and Turner, be. eit.) gave 
unsatisfactory results (yields of phenyhnethylchloroarsine, 56% 
and 65%, respectively). 

Preparation of Phenyl-p-tolylmethylarsine. —(a) From phenyl- 
methylchloroarsine and toluene. To a mixture of 15 g. of phenyl- 
methylchloroarsine and 60 g. of toluene were added 15 g. of powdered 
anhydrous aluminium chloride, and the resulting red solution was 
heated under reflux for 2*5 hours; evolution of hydrogen chloride 
had then almost ceased. The dark-coloured product was poured 
on to a mixture of ice and hydrochloric acid, when a brownish-red 
precipitate and a green, fluorescent oil separated. The oil was 
removed and filtered, washed with sodium hydroxide to remove 
unchanged chloroarsine, dried over anhydrous sodium sulphate, and 
freed from toluene by distillation. The residue, when distilled 
under diminished pressure, gave 8 g. of phenyl-p-iolylmethylarsine 
(see below), an almost colourless liquid, b. p. 164—165°/12 mm. 
(Found: As, 29*1. C 14 H ;L6 As requires As, 29*1%). The arsine 
has an unpleasant fishy odour, and slowly oxidises on keeping, with 
gradual separation of colourless crystals. It combines with methyl 
iodide slowly at the ordinary temperature (2 to 3 weeks), and 


rapidly at 100°, with production of phenyl-p-tolyUimethylarsonium 
iodide* colourless prisms, m. p. 93° (Found; I, 31*7. CijHiglAs 

Phenyl combines readily with ethyl iodide 

at 100° to give the phenyl-jj-tolybnethylethylaraonium iodide 
; XAmaien,- 1902, 321, 160) from phenyl-p- 

tolylethylarsine aod mathyl iodide. The iodide was described by 
MichaeKs as melting a4 J46° or at 150—151° when crystallised from 
gJhjfroV car troagL wateg, respectively. The compound has now 
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of the o-hydroxymonostyryl derivatives, to pyrones. Further, it 
was found that the position taken uj5 by the fJ-ketonic ester in the 
conjugated system can be arrived at owing to the fact that when it 
attaches itself to the styryl residue containing the o-hydroxyl the 
resulting cyclohexenone is free of the carbethoxy-group. Thus, 
the interaction of 2'-methoxy-2-hydroxydistyryl ketone with ethyl 
acetoacetate leads to the formation of two ct/cfohexenones the struc¬ 
tures of which have been proved to be in accord with the following 
formulae: 

CH.-CO-qH 

HO-C 6 H 4 -CH-CH 2 -C-CH:CH-C 6 H 4 -OMe ( ) 
C0 2 EfCH-C0-^H 

MeO-C 6 H 4 -CH-CH,-C-CH:CH-C 6 H 4 -OH ( ) 

In order to test whether cyclohexenone formation is an invariable 
result of such condensations, the study of this reaction has now been 
extended to the case of the extremely reactive unsymmetrical 4'- 
dimethylamino-2-hydroxydistyryl ketone (XIII), in which the 
greater amount of the free affinity is almost certainly concentrated 
at 0(1) (Heilbron and Buck, J., 1921, 119, 1500). In consequence 
of this it was anticipated that ethyl acetoacetate would enter the 
molecule at positions 1—2 (formula XIII), giving rise to the cyclo- 
hexenone (III), if this type of compound were actually formed. 


ch 2 -co-ch 


(in.) 


HO-C 6 H 4 -CH-CH 2 -C-CH:CH-C 6 H 4 -NMe 2 

The result obtained was anomalous, for although a cyclohexenone 
resulted when the reactants were condensed in presence of concen¬ 
trated aqueous potassium hydroxide, the cyclohexenone contained 
the original carbethoxy-group, and consequently if the deductions 
previously arrived at are correct, must represent the compound of 
structure IV. Now Borsche (Annalen, 1910, 375, 145) has shown 
that whereas distyryl ketone readily reacts with ethyl acetoacetate 
in presence of piperidine, 'p^'-tetramethyldiaminodistyryl ketone is 
unreactive under these conditions. It has now been ascertained 
that condensation can be brought about under similar conditions 
to those used in the above experiment, resulting in the formation 
of the cyctohexenone (V). 


CO.Et-CH-CO-CH 

ite 2 N*C 6 H 4 OH-CH 2 *C*CH:CH-C 6 H 4 -OH ( } 

.G0 2 Et*CHH30-OH 

Me 2 N*C 6 H 4 *CH*CB!2 , C , CH:CH*C 6 H 4 *NMe2 (V ° 
Si milar ly, by employing 50% potassium hydroxide, 4-dimethyl- 
aminostyryl methyl ketone also reacts with ethyl acetoacetate. 
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been found to melt at 150° when crystallised from alcohol, and at 
158° when crystallised from water. Once it had been crystallised 
from water, recrystaUisation from either solvent did not affect the 
m. p. (168°) (Found : I, 30-6. Calc., I, 30-7%). 

Phenyl-_29-tolylmethylarsine forms with mercuric chloride a white, 
crystalline additive compound, which may be crystallised from glacial 
acetic acid. 

(b) From magnesium p-tolyl iodide and phenylmethylchloroarsine . 
A Grignard reagent made from 24 g. of ^-iodotoluene, 2*6 g. of mag¬ 
nesium, and 100 c.c. of ether was slowly treated with 20*4 g. of 
phenylmethylchloroarsine dissolved in 20 c.c. of ether. When the 
initial reaction was over, the whole was heated under reflux for 
2 hours, and worked up in the usual manner. In this way, 18 g. 
(76% yield) of phenyl-p-tolylmethylarsine were obtained, b. p. 
167°/14 mm. The odour of this sample was less pronounced than 
that of the sample from (a), but both substances otherwise possessed 
similar properties. The arsine from (b) gave the same methiodide 
(m. p. 92°) as that from (a), a mixture of the two methiodides 
melting at 92°. 

Preparation of PhenylmesitylmetJiylarsim. —A mixture of 16 g. of 
phenylmethylchloroarsine and 36 g, of mesitylene, treated with 
15 g. of aluminium chloride, became slightly warm and turned red. 
It was boiled gently under reflux at 75—-80°/45 mm. for some hours; 
when the evolution of hydrogen chloride slackened, the product was 
poured on to a mixture of ice and hydrochloric acid. The resulting 
oil was extracted with benzene, the extract filtered from a reddish- 
brown precipitate, shaken with alkali, and worked up in the normal 
manner; 15 g. of mesitylene and 7 g. of phmylmesitylmethylarsine 
(yield 30%) were obtained. The latter is a colourless, mobile liquid 
having a faint fishy odour, oxidises slowly in the air to give a white, 
crystalline solid, and boils at 164°/17 mm. (Found: As, 26*6. 
C 16 H 19 As requires As, 26*2%). 

The arsine combines readily with methyl iodide at 100° to give 
phenylmesityldimethylarsonium iodide , which is moderately soluble 
in alcohol, and separates from that solvent in colourless prisms, 
m. p. 187° (Found ; I, 29*6. C^B^IAs requires As, 29*7%). 

The arsine combines with benzyl bromide slowly at the ordinary 
temperature, and rapidly at 100° to give phenylmesitylbenzylmethyl- 
arsonium bromide, which crystallises from alcohol, or better, from 
water, in colourless prisms, m. p. 179—180° (Found: Br, 17*7. 
C^HaoBrAs requires Br, 17*5%). 

Preparation of p-Bromodiphenylmethylarsine.—{a>) From : :^^^' : 
rneihyUMoroarsine and bromobenzene. A mixture of,.20-g^'^|OTii 
chloroarsine, 60 g. of bromobenzene, and 20 g. 
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giving in the first place the saturated cyclohexane derivative (VI), 
from which water can easily be removed with formation of (VII). 


CO a Et-OH-CO-OHo -h„o 
Me 2 N-C 6 H 4 -CH-CH 2 -C(OH)Me 
(VI.) 


CO 2 Et-0H-CO-CH 

Me.,N-C 6 H 4 -CH*CH 2 -CMe 

(VII.) 


It is thus apparent that the p - dimetkylamino-group, although 
normally acting as a retarding factor, does not necessarily rule out 
the structure given in (IV). That this truly represents the constitu¬ 
tion of the ketone -under consideration was finally proved by 
oxidising the cg/cfohexenone with potassium permanganate in acetone 
solution, when salicylic acid was isolated from the decomposition 
products. That the anomalous behaviour is closely connected with 
the peculiar activity of the ketone is evident, for, as shown below, 
it disappears on methylation of the free hydroxyl group, which 
reaction destroys the activity of the compound (Heilbron and Buck, 
loc. cit.). Further, with 4'-dimethylamino-4-methoxy-2-hydroxy- 
distyryl ketone, in which the “ active ” properties of the parent 
ketone are also entirely suppressed (compare Heilbron and Whit¬ 
worth, J., 1923,123, 238), ethyl acetoacetate yields a cyclohexexione 
with the carbethoxyl eliminated and which consequently must 
possess the structure (VIII). 


?h 2 -co-oh (VnL) 

MeO-(HO)C 6 H 3 -CH-CH 2 -C-CH:CH-C 6 H 4 -NMe 2 1 ; 

On the other hand, the isomeric 4'-dimethylamino-3-methoxy- 
2-hydroxydistyryl ketone and also the 5-methoxy-compound, both 
of which are “ active ” (Heilbron and Whitworth, loo. cit.), yield 
as main products of the condensation cycZohexenones similarly 
constituted to that obtained from 4'-dimethylamino-2-hydxoxy- 
distyryl ketone itself. 


C0 2 Et-CH-C0-0H 

• MeO>O a H 4 -CH-CH 2 -C-CH:CH-C a H 4 -NMe 2 t ; 

Me 2 N— --— --—OMe (X.) 

I(C0 2 H) 2 

HO-C 6 H 4 -CH-CH 2 -CO-CH:CH-C a H 4 -NMe 2 { > 


Me 2 N- 


OH (XII.) 


With 4'-dimethylamino-2-methoxydistyryl ketone, two isomeric 
compounds of empirical formula C 2S H 29 0 4 KT were isolated. The 
higher-melting CT/cfe»hexenone (m. p. 164°), which is only:loE8Jt|^j: 
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was kept briskly boiling under diminished pressure (bath at about 
35°). After an hour, when the evolution of hydrogen chloride had 
almost ceased, the cooled product was poured on to ice and hydro¬ 
chloric acid, and was worked up in the usual manner. On distil¬ 
lation, 35 g. of bromobenzene were recovered. At 140—160°/15 mm., 
2 g. of 4-bromodiphenyl distilled (white plates, m. p. 81°. Found : 
Br, 33-9. Calc., Br, 34*3%). At 170—200715 mm., 5 g. of 
p~bromodiphenylmethylar$ine (see below) distilled as a colourless 
liquid (Found : As, 23*6. C 13 H 12 BrAs requires As, 23*2%). 

The arsine combined readily with methyl iodide in a closed tube 
at 100° to give a crystalline product which could not be recrystallised 
from the usual solvents. The combination of the arsine with methyl 
iodide in the cold (2 to 3 weeks), however, gave p -bromodiphenyl- 
dimethylarsonium iodide . This was precipitated by absolute ether 
from its solution in absolute alcohol, and formed very pale yellow 
prisms, m. p. 87° (Found: I, 27*0. C 14 H 15 BrIAs requires 1,27*3%). 

The benzobromide of p - br omodipheny Imethy lar sine was obtained 
as a colourless viscid mass which could not be crystallised. 

(b) From p-bromophenylmethyliodoarsine . ^-Bromophenylarsinic 
acid was prepared from ff-bromoaniline in the usual manner, and 
reduced with hydrochloric-hydriodic-sulphurous acid, when 
-p-bromophenyldichloroarsine was obtained. The crude, red dichloro- 
arsine, when treated with sodium carbonate in presence of warm 
water, gave p-bromophenylarseniozis oxide as a sticky yellow solid. 
It was purified by dissolving in alcohol and precipitating with water, 
and then formed white prisms, m. p. 259—261° (Found : As, 30*7. 
C 6 H 4 OBrAs requires As, 30*4%). The oxide may be methylated 
direct, but as some pure dichlor oar sine was required for another 
purpose, the oxide was converted into the latter in the usual maimer. 
p-Bromophenyldichloroarsine was thus obtained as a heavy, orange- 
coloured liquid, boiling at 164°/18 mm., and having physiological 
properties similar to those of phenyldichloroarsine (Found : Cl, 23*5. 
0 e B^Cl 2 BrAs requires Cl, 23*5%). 

The dichloroarsine (30*2 g.) and 16 g. of sodium hydroxide were 
dissolved in a mixture of 200 c.c, of water and 200 c.c. of alcohol, 
16 g. of methyl iodide were added, and the mixture was left for 12 
hours. Concentrated hydrochloric acid (500 c.c.) and a little potas- 
sium iodide were added, and the solution was saturated with sulphur 
dioxide. The dark-coloured oil which separated was dried over 
sodium sulphate, and distilled under diminished pressure, when 25 g. 
(70% yield) ot ip»bromophmylmethyUodoamne were obtained, b. p. 
178—180723 mm. The iodoarsine became solid on cooling, and 
fdrmed jpAte ^ 36*5? (Found: 1,341. C 7 H 7 BrIAs 

^lifaires: I r ■ 34<0%).• • 7 7;- V' ■ 
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of m. p. 114° must accordingly have the constitution (IX), the 
reaction in this case having followed the normal course. 

The primary object of the investigation has been achieved in 
definitely proving that, in all the cases examined, cs/cfohexenones 
alone are formed as products of the condensation, and the facts 
harmonise well with the mechanism previously suggested to account 
for the elimination of carbethoxyl during the condensation (Heilbron 
and Forster, he. cit.). 

As regards the point at which ethyl acetoacetate enters the 
molecule, this must certainly depend largely on the polar character 
of the substituent groups and their total effect upon the doubly- 
conjugated system. The authors feel, however, that the question is 
too complex to allow of an immediate explanation and that no good 
purpose would be served by attempting this until the effect of polar 
influences in less complicated molecules is more thoroughly under¬ 
stood. It is also possible that other factors have to be taken into 
account and that sterie influences play a part in determining the 
position taken up by the entering group. Thus in the case of 4'- 
dimethylamino-2-hydroxydistyryl ketone it is conceivable that 
ethyl acetoacetate, probably through the intermediate formation 
of a labile addition product, brings about a transformation of the 
co-ordinated cis-foim of the ketone (XIII) into a trans-isomeride 
(XIV), a rearrangement which must necessarily modify the dis¬ 
tribution of residual affinity effects. 


4 * 


! rr 

* VcH: 

\ # / 

OH—0 

(xm.) \ 

MegN- 


,CO-GH:CH*C 6 H 4 -NMe, 


X ^CH=C 

/ \H 


V)H 


(XIV.) 


This suggestion is supported to some extent by the observation 
recorded by Heilbron and Buck ( loc . cit) that, whereas 4'-dimethyl- 
amino-2-hydroxydistyryl ketone is characterised by the ease with 
which it forms molecular addition compounds and is indeed exceed¬ 
ingly difficult to isolate free from solvate addenda, this may be readily 
accomplished by crystallisation from ethyl acetoacetate. Again 
the profound effect which this ester exerts on the configuration of 
unsaturated ketones is exemplified in the yellow form of o-hydxoxy- 
styryl methyl ketone, which is readily transformed into its colourless 

this substance (McGookin and 
Heilbron, J., 1924, 125, 2099). On the other hand, ethyl cyano- 
acetate does not induce isomerism of this type (unpublished work) 
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A Grignard reagent was prepared from 12 g. of bromobenzene, 
24 g. of magnesium, and 250 e.c. of ether, and a solution of 24 g. 
of the iodoarsine was slowly added, a vigorous reaction occurring. 
The mixture was heated under reflux for 0*5 hour, and decomposed 
in the usual maimer. The ethereal extract was shaken with alkali 
before being dried over sodium sulphate. p-Bromodiphenylmethyl- 
arsine (12 g., 60% yield) was finally obtained, having properties 
similar to those of the product of the Friedel-Crafts reaction. Identity 
of the two products was established through the methiodides, which 
did not depress each other’s m.p. 

During the course of this work, the following compounds were 
prepared incidentally: 

p -Chlorophenyldichloroarsine, a colourless, highly refractive liquid, 
b. p. 277° or at 160°/23 mm. [Found : Cl (attached to arsenic), 
27-5. C 6 H 4 C1 As requires Cl, 27-6%]. p-Chlorophenylarsenious oxide , 
which crystallises from benzene in white needles, m. p. 198° (Found : 
As, 36-4. C 6 H 4 OC1 As requires As, 37*0%). Di-p-chlorophenyl- 
cMoroarsine , a pale yellow solid, m. p. 51° (Found : Cl, 31*8. 
C 12 H 8 Cl 3 As requires Cl, 32*0%). 

Part of the expense of this investigaton was met by a grant from 
the Chemical Society Research Fund, for which the authors express 
their thanks. 

East London College, 

IXniveksity of London. [Received, September 15th, 1925.] 


CCCLXV.— yy'-Dichlorodipropyl Sulphide. 

By George Macdonald Bennett and Alfred Louis Hock. 

The remarkable chemical reactivity of pp'-dichlorodiethyl sulphide 
must be attributed to the influence of the sulphur atom upon the 
two chlorine atoms. A high degree of reactivity is, in fact, generally 
shown by the chlorine atom in compounds of the general formula 
R*S*CH 2 *CH 2 C1, and there is a correspondingly high reactivity in 
the hydroxyl group of the parent compound, R*S<3H 2 *(M 2 *OH 
(compare Bennett, J., 1922, 421, 2140), The isomeric aa'-dichloro- 
diethyl sulphide (Bales and Nickelson, J., 1922, 121, 2137; Mann 
and Pope, J., 1923, 123, 1172) readily yields its chlorine when 
boiled in solution with alcoholic sodium hydroxide; the chlorine 
is therefore in a reactive condition. No data, however, are avail¬ 
able for a quantitative comparison of the properties of chlorine atoms 
situated in the «- and ^-positions. , 

yy'-Dichlorodipropyl sulphide , the first simple 
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and it might consequently be expected that in this case addition 
would take place at the usually reactive unsaturated centre. In 
presence of 50% sodium hydroxide a condensation product of empiri¬ 
cal formula C 22 H 23 0 6 N was isolated to which either formula (XI) 
or (XII) could be ascribed. That the former correctly represents 
the structure of the compound was shown by treatment of the 
dicarboxylio acid with concentrated potassium hydroxide solution* 
when fission of the molecule occurred with production of p-dimethyl- 
aminobenzaldehyde. In considering the formation of this aldehyde, 
it has to be borne in mind that the effect of the strong alkali might 
possibly produce a type of reversed Michael reaction, in which case 
the presence of the p-dimethylaminobenzaldehyde would simply 
result through disintegration of the distyryl ketone, fission occurring 
at the double bonds. That this, however, was not the case was 
evident from the fact that no trace of salicylaldehyde was found in 
the reaction mixture. 


Experimental. 

Ethyl S-p-Dimethylaminophenyl-S-o-hiydroxystyryl-A^-cyclohexene- 

1- cme-2-carboxylate (IV).—A solution containing 4'-cbmethylamino- 

2- hydroxydistyryl ketone (4 g.), ethyl acetoacetate (8 c.c.), absolute 
alcohol (20 c.c.), and potassium hydroxide solution (3 c.c. of 20%) 
was allowed to stand at room temperature for 24 hours. The 
precipitated product (2 g.) was collected and crystallised from either 
absolute alcohol or benzene. It separates in orange-yellow prisms 
(m. p. 196°) containing 1 mol. of solvent, from which it can be freed 
by heating in the steam-oven. It dissolves in concentrated sulphuric 
acid, giving the deep red solution characteristic of this type of 
cycloliQxenone (Pound in material crystallised from alcohol: C, 
72-0; H, 7*4; N, 3*1. C 25 H 27 0 4 lSr,C2H 6 0 requires C, 71*9; H, 7*3; 
N, 3*1%. Pound in material crystallised from benzene: 0, 76*8; 
H, 6*9; N, 2*9. C 25 H 27 0 4 NAH 8 requires 0, 77*0; H, 6-9; X, 
2*9%. Pound in aiihydrous compound : C, 73*9; H, 6*7; 3ST, 3*L 
C 25 H 27 0 4 N requires C, 74*1; H, 6*7; N, 3*4%). 

Oxidation .—About 1 g. of the substance dissolved in acetone was 
treated at room temperature with finely-powdered potassium 
permanganate, added in very small portions at a time. When the 
oxidation was complete, the mixture was filtered and the residue 
suspended in water and treated with sulphur dioxide until the 
manganese dioxide had dissolved. As no solid separated, the solution 
was made strongly acid with hydrochloric acid and ether-extracted. 
On removal of solvent, colourless needles were obtained and identified 
as salicylic acid by mixed m. p, with an authentic specimen of the 
acid and also by the characteristic ferric chloride coloration, 
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having the chlorine atom in the y-positidn, has now been prepared. 
It is decidedly less reactive than pp'-dichlorodiethyl sulphide and 
pg'-dichlorodipropyl sulphide (Coffey, J., 1921, 119, 94; Pope and 
Smith, ibid., 396). It was prepared from yy -dihydroxydipropyl 
sulphide obtained by the action of sodium sulphide on y-chloropropyl 
alcohol, but the replacement of the hydroxyl groups in the dihydroxy- 
sulphide by chlorine was as exceptionally difficult as the analogous 
reaction is surprisingly easy with (3-hydroxy-sulphides. Whereas 
the latter operation is completed in a few minutes by boiling con¬ 
centrated hydrochloric acid (Clarke, J,, 1912, 101, 1683; Coffey, 
loc. cit), replacement of the hydroxyl groups of yy'-dihydroxy- 
dipropyl sulphide did not occur when any of the usual reagents 
such as hydrochloric acid, phosphorus tri- or penta-chloride, or 
phosphorus tri-iodide were employed, and hydrogen chloride at 
160° reacted only slowly to give a poor yield of chloro-compound. 
The hydroxyl groups in this sulphide are therefore less reactive than 
is usual in a primary alcohol. The use of thionyl chloride alone 
gave no better result, but the dichlorodipropyl sulphide was obtained 
easily in good yield when*this reagent was used in presence of 
dimethylaniline (Darzens, Compt. rend., 1911, 152, 1314). 

The difference in character of the p- and the y-chlorine atoms is 
well shown by the action of potassium cyanide in alcoholic solu¬ 
tion upon pp'-dichlorodiethyl and yy - dichlorodipropyl sulphides. 
Whereas Davies has shown that the former is converted into an 
unexpected substance of the formula C 6 H 12 S 2 (CN) 2 (J., 1920, 117, 
298), we find that the latter is smoothly converted into the dinitrile 
of thiodibutyric acid (Gabriel, Ber., 1890, 23, 2493). 

A study of the oxidation of yy'-dichlorodipropyl sulphide showed 
that the sulphur atom in the molecule has unusual properties. 
Although the action of sodium hypobromite, nitric acid, or hydrogen 
peroxide upon the sulphide at laboratory temperature might be 
expected to furnish a sulphoxide, these reagents produced the same 
compound which resulted from oxidation with chromic anhydride 
in boiling glacial acetic acid, namely, the svlphone, 
S0 2 (CH 2 -CH 2 -CH 2 C1) 2 , 

of m. p. 66°, It thus appears to be a property of the sulphide to 
tate Up two atoms of oxygen per molecule instead of one. More¬ 
over, neitto a mdphilimine nor a mercurichloride could be obtained 
from it, and its dibromide, which can be prepared only in the presence 
of a very excess of bromine, is even more unstable than the 
dibromide of AP^idichlc^odiethyl sulphide, so that there seems 
to be a general reluctance to form derivatives involving <juadri* 
valency of the sulphur atond. 

" A comparison of the rates of reaction of ^'-dichlorodiethyl and 
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%~p-Dimetbylaminophenyl-5-Q-hydroxystyryl-A*-cyc\ohexene -1 - one- 
2-carboxylic Acid .—The previous ester was saponified by heating 
for 3 hours on the steam-bath with sodium hydroxide solution. 
The red, pasty mass was dissolved in water, and the acid precipitated 
by addition of dilute acetic acid. The pure compound crystallised 
from alcohol in yellow plates, m. p. 225° (Found : C, 73-3; H, 6-0. 
C 23 H 23 O 4 N requires C, 73*3; H, 6*1%). 

S-p-Dimethylamino-b-o-hydroxystyryl-A^-cyclohexeTie - 1 - one . —-The 
free acid was dissolved in glacial acetic acid and boiled for 1 hour 
with 20% sulphuric acid. After cooling, the green liquid was 
carefully neutralised with dilute alkali, and the precipitated cyclo- 
hexenone crystallised from methyl alcohol, from which it separated 
in yellow, felted needles, m. p. 232° (Found: C, 78*9; H, 6*9. 
requires C, 79*3; H, 6*9%). 

Ethyl 3-p-Dimethylammo-5-o-methoxystyryl-A 5 -cyclohexene-l-one- 
2-carboxylate (X).—By direct methylation of the corresponding 
hydroxy-compound by the usual methods, only uncrystallisable 
products were obtained. The pure methyl ether was readily pro¬ 
duced, however, by methylation in acetone solution according to 
Heilbron and Buck’s method (loc. cit.). It separates from high- 
boiling ligroin in lemon-yellow prisms, m. p. 164°, and dissolves in 
alcoholic potash to a yellow, and in concentrated sulphuric acid 
to a red solution (Found : C, 74*4; H, 7*0. C 26 H 29 0 4 ]Sr requires 
C, 74-5; H, 6-9%). 

Ethyl S-o-M ethoxy phenyl-o-p-dimethylaminostyryl-A h -cy clohexene- 
l-one-2-carboxylate (IX).—A solution of 4'-dimethylamino-2- 
methoxydistyryl ketone (3 g.) and 3 c.c. of ethyl acetoacetate in 10 
c.c. of alcohol was heated for 3 hours on the steam-bath with potass¬ 
ium hydroxide solution (3 c.c. of 20%), the colour changing from 
deep red to orange. On gradual dilution with water a semi-solid 
mass was deposited which proved exceedingly difficult to crystallise, 
but this was finally accomplished by means of alcohol in presence of 
animal charcoal. Microscopic examination of the crystals revealed 
the presence of two substances, which were separated by repeated 
fractionation from carbon disulphide into a main fraction of the 
above ester (m. p. 112 °) and a small quantity of a substance, m. p. 
160°, which was identical with the methyl ether obtained by 
methylation of the hydroxy-cycfohexenone (IV). 

Ethyl ^-o-TMihoooyphenyl-B-p-dimethylamiTiostyTyl-A^-cyolohexene- 
l-one-2’Carboxylate can be conveniently prepared in good yield free 
from the higher-melting isomeride by treating an alcoholic solution 
of the ketone (fig.) and ethyl acetoacetate ( 8 c.c.) at room temperature 
with potassium hydroxide solution (6 c.c. of 20 %). After a few 
hours the red solution was inoculated with a crystal of the lower- 
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yy'-dichlorodipropyl sulphides -with sodium hydroxide in ethyl 
alcohol showed that, the course of the two reactions being assumed 
to be similar, the former reacts sixty times as fast as the latter. 
We hope to make a systematic comparison of these and other chloro- 
sulphides when a synthesis of a 3-chloro-sulphide has been com¬ 
pleted. 

Experimental. 

Action of Sodium Sulphide on y-Chloropropyl Alcohol ,—A solution 
of sodium sulphide (95 g. Na 2 S 5 9H 2 0) in an equal weight of water 
was added cautiously in three portions to y-chloropropyl alcohol 
(60 g.), the mixture heated under reflux for 3 hours and then dis¬ 
tilled with steam until the distillate no longer gave a white precipi¬ 
tate with mercuric chloride. The distillate was boiled with an excess 
of yellow mercuric oxide, filtered, concentrated, and cooled; a 
small quantity of the mercaptide of y-hydroxypropyl mercaptan , 
Hg(S-C 3 H 6 -OH) 2 , then separated out. It crystallised from 71-butyl 
alcohol in silvery plates, m. p. 132—134° (Found: Hg, 52*9. 
c e H i 4 ° 2 S 2 H g requires Hg, 52*5%). 

The solution remaining in the distillation flask was made acid 
with hydrochloric acid and concentrated on the steam-bath. The 
bulk- of the sodium chloride was removed by filtration after dilution 
with acetone, the solution dried, and the acetone evaporated. The 
residual viscous oil was heated in a current of dry air at 100° under 
diminished pressure and finally poured off from a little sodium 
chloride which it deposited from solution. 

yy r -Dihydroxydipropyl sulphide, S(C 3 H 6 *OH) 2 , was thus obtained 
as a viscous oil which could not be distilled or induced to crystallise, 
and was not analysed. With phenylearbimide it reacted at once 
to give the hisphenylurethane , S(C 3 H 6 *0*C0*NHPh) 2 , colourless 
needles from benzene, m. p. 146—148° (Found : C, 62*1; H, 6*5. 
OaoHaAlSrS requires C, 61*8; H, 6*2%), 

Action of Thionyl Chloride , Phosphorus Halides , and Hydrogen 
Chloride upon yy-Dihydroxydipropyl Sulphide .—The dihydroxy- 
sulphide was not appreciably affected by heating for 2 hours with 
boiling concentrated hydrochloric acid. The action of thionyl 
chloride, phosphorus tri- or penta-cbloride or phosphorus tri-iodide 
led to the production of non-volatile substances which were pre¬ 
sumably esters of the corresponding hydroxy-acids. For example, 
after the dihydroxy-compound had reacted in presence of dry 
benzene with phosphorus tri-iodide (2/3 mol.), the material recovered 
from the solution could not be distilled under diminished pressure, 
and when kept in a desiccator it slowly hardened to a resinous 
without crystallising, an odour of mustard being simultaneous^ 
.developed.;,' ‘ 

■' vol.. oxxvn. . ' '7 4 : i7;773il 
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melting ether and kept for 2 days. The crude product (5 g.) 
crystallises from ether in orange needles (m, p. 114°) which are 
extremely hygroscopic and change colour to brick-red on standing 
in moist air (Found: C, 74*2; H, 7*2. C 26 H 29 0 4 N requires C, 
74*5; H, 6*9%). 

Ethyl l-Methoxy-3-o-methoxyphenyl-5-^-dimethylaminostyryl~A l15 - 
cyc\ohexadiene-2-carboxylate .—This substance was prepared by 
dissolving the corresponding cycldhexenone (m. p. 114°) in sodium 
ethoxide solution and heating under reflux with methyl iodide for 
2 hours. It separates from ether in pale yellow needles, m. p. 148° 
(Found : C, 74*2; H, 7*4. requires C, 74*8; H, 7*2%). 

Ethyl 3-v-Dimethylaminophenyl-5-$-dimethylamino$tyryl"A B «cyelo* 
hexene-l-one-2-carboxylaie (V).—A solution containing 3*2 g. of 
4 :4'-tetramethyldiaminodistyryl ketone (Sachs and Lewin, Ber. } 
1902, 35, 2576), ethyl acetoacetate (5 c.c.), and alcohol (10 c.c.) was 
heated under reflux for 1 hour with sodium hydroxide solution 
(1 c.c. of 50%). . The clear red liquid was filtered from deposited 
sodium carbonate, and the c?/cfohexenone, which separated on cooling, 
repeatedly crystallised from absolute alcohol. It forms orange- 
yellow needles, m. p. 174—175°; the phenylhydrazone melts at 239° 
(Found: 0, 74*8; H, 7*5; N, 6*7. C 27 H 32 0 3 N* requires C, 75*0; 
H, 7*4; N, 6*5%). 

Ethyl 3-^-Dimethylaminophenyl-5-methyhyGlohexane~5-ol~l-one-2« 
carboxylate (VI).—A hot alcoholic solution of 4-dimethylamino- 
styryl methyl ketone (4 g.) and ethyl acetoacetate (6 c.c.) was 
treated with sodium hydroxide (1 c.c. of 50%), and the resulting 
red solution kept for 12 hours at room temperature. The cyclo- 
hexane crystallises from high-boiling ligroin in colourless needles, 
m. p. 149° (Found : C, 67*7 ; H, 8 * 1 ; N, 4*4. C 18 H 25 0 4 N requires 
C, 67*8; H, 7*9; N, 4*3%). The phenylhydrazone separates from 
absolute alcohol in colourless crystals, m. p. 179° (Found : N, 10 * 3 . 
CAO 3 N 3 requires N, 10*3%). 

Ethyl S-p-dimethylaminophenyl-d-methyl-A^-oyolohexene- 1 -one- 2 - 
carboxylate (VII) is formed on heating an alcoholic solution of the 
above compound with excess of 10% sodium hydroxide solution, 
when an oily mass is produced which slowly solidifies. The cyclo - 
hexenone crystallises from methyl alcohol after treatment with 
charcoal in glistening plates, m. p. 66 ° (Found : N, 4*8. C^H^OgN 
requires N, 4*7%). 

Ethyl 3-p-dimethylamirbophenyl-o-(3'-methoxy-2'-hydroxy)8tyryl~Ab* 
Gyclohexene-l-one-2-carboxylate was prepared by boiling an alcoholic 
solution of 4^dimethylainino-3-methoxy-2-hydroxydistyryl ketone 
(5 g.) and ethyl acetoacetate (2 mols.) for 3 hours tinder reflux with 
sodium hydroxide solution (3 c.c. of 40%). After removal of inor- 
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The replacement of the hydroxyl groups was first achieved as 
follows : the dihydroxypropyl sulphide was heated at 150—160° 
while a stream of dry hydrogen chloride was passed into it for 2-5 
hours. The product was distilled; a small quantity of an oil, 
b. p. 135—150°/25 mm., was obtained, which consisted of practically 
pure dichlorodipropyl sulphide (yield 17%). 

yy'-Dichlorodipropyl Sulphide. —Thionyl chloride (80 g.) was 
added drop by drop to a well-cooled mixture of yy'-dihydroxy- 
dipropyl sulphide (45 g.) and dimethylaniline (80 g.j, kept below 
60°. The mixture was then heated at 100° for \ hour, poured into 
an excess of dilute hydrochloric acid, the oil extracted with chloro¬ 
form, and the extract washed with water, dried, and distilled. 
yy' -Dichlorodipropyl sulphide , S(C 3 H 6 C1) 2 , was thus obtained as a 
faintly yellow oil of pronounced odour, b. p. 162°/43 mm. (yield 
83%) (Found: C, 38-9; H,6*5; Cl, 38-2; S, 16*7. C 6 H 12 C1 2 S 
requires C, 38*5; H, 6*3; Cl, 37*9; S, 17*15%). The following 
constants were determined: DJ.°° (vac.) = 1*175, n 2 f = 1*5075, 
whence [R L ] a = 47*42 (calc., 47*25). The liquid did not crystal¬ 
lise when cooled to the temperature of liquid air and allowed to 
revert slowly to normal temperature. 

Compound with Platinic Chloride. —This was obtained in 
greenish-yellow plates, m. p. 83*5—85°, by adding platinic chloride 
(0*86 g.) in acetone to the chloro-sulphide (0*46 g.) also dissolved 
in acetone (5 c.c.), the product crystallising in the course of a 
few hours. It had the composition 2S(C 3 H g Cl) 2 ,PtCl 4 (Found: 
Pt, 27*7. C^H^ClgSPt requires Pt, 27*4%). 

An unstable dibromide, S(C 3 H 6 Cl) 2 Br 2 , was obtained from the 
chloro-sulphide (0*94 g.) with bromine (4 g.) in carbon tetrachloride 
(6 c.c.). The crystals were quickly filtered off, washed with a little 
of the pure solvent, dried on porous tile, and analysed at once, since 
the substance decomposed completely when kept over-night (Found : 
Br, 57*7. C 6 H 12 CI 2 Br 2 S requires Br, 59*8%). 

Repeated attempts to prepare a sulphilimine led only to the 
isolation of toluene-p-sulphonamide, m. p. 137° (Found: C, 48*8; 
H, 5*3. Calc., C, 49*1; H, 5*3%). 

Action of Methyl Iodide .—When the chloro-sulphide was mixed 
with methyl iodide (5 mols.), crystals appeared in the liquid within 
| hour, of m. p. 179—181°, but a sufficient quantity for analysis 
could not be collected. If left in the liquid, the crystals soon 
redissolved and a viscous oil separated. This oil was almost entirely 
soluble in water, but the solution deposited an oil again on evapor¬ 
ation and dfesomaMpn of the sulphonium^ compound evidently took 

by evaporating the excess of methyl iodide from the original mixture 
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ganic material by filtration, the crude cyclohexenone was purified 
by repeated crystallisation first from absolute alcohol and finally 
from high-boiling ligroin. It forms yellow crystals, m. p. 197— 
198°, readily soluble in chloroform and benzene, sparingly soluble 
in alcohol (Found: C, 71*6; H, 6-5. C 26 BU 9 0 5 N requires C, 71*8; 
H, 6*7%). 

3-(4z'-M ethoxy-2 f -hydroxy)phenyl~5-$-dimeihyfaminostyryl-A^-cyclo- 
hexene-l-one .—An alcoholic solution containing 4'-dimethylamino-4- 
methoxy-2-hy<froxydistyryl ketone (6 g.) and ethyl acetoacetate 
(8 g.) was heated for \ hour on the steam-bath with 6 c.c. of 50% 
sodium hydroxide. After cooling, the solution was filtered from a 
small quantity of material which could not be further purified, and 
the filtrate diluted with water. The red, amorphous solid thus 
obtained was dried and repeatedly crystallised from benzene. The 
pure cydo hexenone forms orange-red crystals, m. p. 218° (Found • 
C,75*8; H, 6-9. C 23 H 26 0 8 N requires C, 76*0; H, 6*9%). 

Ethyl %-p-Dimethylamin(yphenyl-5‘(5'-methoxy-2 f -hydroxy)styryl-& b - 
cyclohexene -1 -one-2-carboxylate .—4'-Dimethylamino - 5 - methoxy - 2 - 
hydroxydistyryl ketone (4 g.) and ethyl acetoacetate (8 g.) were 
treated in alcoholic solution with aqueous sodium hydroxide (8 c.c. 
of 20%). After 3 days, the solution was filtered from a small 
quantity of solid, and the filtrate slowly diluted with water, when 
the cycloh.exen.one ester was precipitated. It crystallises from 
benzene with 1 mol. of solvent of crystallisation in yellow crystals, 
m. p. 196—197° (Found: C, 74*9; H, 7*2. C 2 sll ?Q 0 & N,G Q EL s 
requires C, 74*8; H, 6*8%). The residue was washed with water to 
remove inorganic material and crystallised from aqueous pyridine. 
It separated in orange crystals, m. p. 250°. Analysis of this com¬ 
pound shows that the carbethoxyl has been split off, from which it 
follows that its structure corresponds to 3-(5'-methoxy-2'-hydroxy)- 
phenyl-5-^-dimethylaminostyryl-A 5 -c^cZohexene-l-one (Found: C, 
75*9 ; H, 6*9. C^H 2 5 0 3 N requires C, 76*0; H, 6*9%). 

y-p-IHimlEylamirwcinnamoyl-Q-o-hydroxyphenylpropane-oiaL'-dicarb- 
oxylic AwL (XI).—A mixture containing 4 / -dimethylam in o-2- 
hydroxydistyryl ketone (8*2 g. of chloroform addition product) and 
8 c.c. of ethyl eyaao&cetate in 25 c.c. of hot alcohol was treated with 
sodium hydroxide solution (8 c.c. of 50 %), when a deep red coloration 
rapidly developed and ammonia was evolved. After 16 hours the 
reaction mixture was filtered from tarry and inorganic material, 
diluted to 2000 c.c., and the clear orange-red solution rendered acid 
with dilute aeetic acid. As an examination of the precipitated 
produet affcer cry^^ from benzene indicated that two sub¬ 

stances were present, the whole was boiled with sodium hydroxide 
solution until all evolution of ammonia had ceased. After again 
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could not be induced to solidify, but it readily combined with 
mercuric iodide to produce a solid which crystallised from acetone- 
chloroform in yellow needles (the chloro-sulphide itself is quite 
indifferent to mercuric iodide). After three recrystallisations, the 
substance had m. p. 84—88° and analysis showed it to be di- 
chlorodipropylmethylsulphonium mercuri-iodide , (C 3 H 6 Cl) 2 SMeI,HgI 2 
(Found : Hg, 27*1; AgCl 4- Agl, 123-7. C 7 H 15 Cl 2 l 3 SHg requires 
Hg, 25*65; AgCl + Agl, 126-5%). This compound was evidently 
not quite pure, but further purification was not possible, since dis¬ 
sociation of the substance occurred in solution, an odour of the 
original chloro-sulphide being always developed during recrystal¬ 
lisation. 

Action of Oxidising Agents .—The chloro-sulphide was shaken with 
an ice-cold solution of sodium hypobromite (1-8 mols.), the mixture 
heated at 50° for 5 minutes, and finally cooled in ice; the oil obtained 
solidified to a mass of crystals, which were recrystallised from 
benzene-light petroleum. This substance was yy -dichlorodipropyl- 
sulphone , (C 3 H 6 C1) 2 S0 2 , m. p. 65—66° (Found : 0, 32-7; H, 5-6; 
Q, 32-4. C 6 H 12 0 2 01 2 S requires C, 32-9; H, 5-5; Cl, 32*4%). It is 
appreciably soluble in water and readily soluble in most organic 
solvents with the exception of light petroleum. In view of the 
unexpected nature of this product the analyses were repeated—with 
similar results. The substance was also produced when the chloro- 
sulphide was (i) dropped into a mixture of fuming (2 vols.) and con¬ 
centrated (1 vol.) nitric acid cooled in a freezing mixture; (ii) 
dissolved (0*94 g.) in glacial acetic acid (2 c.c.), mixed with hydrogen 
peroxide (0-7 g. in 2 c.c. of 60% acetic acid) slowly with cooling, and 
kept at laboratory temperature for 48 hours; and (iii) heated for 
2 hours in boiling glacial acetic acid with chromic anhydride (twice 
the calculated amount to produce a sulphone). 

yy'-Diphenoxydipropyl Sulphide (PhOC 3 H 6 ) 2 S.—The chloro- 
sulphide (1*2 g.) was heated at 180° for 2 hours with phenol (6 g.) 
and sodium ethoxide (from 0-3 g. of sodium),. The mixture was 
made acid and distilled with steam. The residual oil solidified when 
washed with a little aqueous alkali, and was then recrystallised from 
methyl alcohol; m. p. 45° (Found :/ O, 71-35; H, 7*4. C 18 H 22 0 2 S 
requires G, 71-35; H, 7*3%). 

yy-Di-p4olyloxydipropyl sulphide , prepared in a similar way from 
p-cresol, had m. p. 50—52° (Found : C, 72*9; H, 7*9. C 20 H 26 O 2 S 
requires G, 72*7; H, 7*9%). , 

Action of Piperidine on the Chloro-sulphide.—When a mixture of 
the chloro-sulphide with piperidine (8 mols.) was kept for 24 ; 

crystals of piperidine hydrochloride separated out. The miStee 
was made alkaline and distilled with steam. The reside ^ 
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rendering acid, the precipitated product was purified by repeated 
crystallisation from nitrobenzene, when glistening, orange needles, 
m. p. 220°, were obtained (Found : C, 66*3; H, 5*8, C 2 2H 23 0 G ]Sr 
requires C, 66*5; H, 5*8%). That the ethyl cyanoacetate had 
entered the molecule at positions 1 and 2 (XIII) was proved by 
slowly r unnin g a concentrated alkaline solution of the acid from a 
dropping-funnel on to boiling potassium hydroxide solution (50 c.c. 
of 70%) contained in a distillation flask, fitted with a condenser, 
Pale green crystals (m. p. 66°) separated from the collected steam 
distillate and were identified as p-dimethylaminobenzaldehyde by 
mixed m. p, determinations with an authentic specimen and by the 
formation of the phenylhydrazone. The residue left in the flask 
was carefully examined for the presence of salicylaldehyde, but no 
trace either of this or of salicylic acid could be found. 

The authors desire to thank the Council of the Department of 
Scientific and Industrial Research for a grant in aid to one of them 
(T. A. E.) which has enabled this work to be carried out. 

The Univebsity, Liverpool. [Received, July 10 ih, 1025.] 


CCXCII .—Chemical Reactivity and Conjugation. Part 
II. The Reactivity of the 2-Methyl Group in the 
4-Quinazolone Series. 


By Isidor Morris Heilbron, Francis Noel Kitchen, Edward 
Burdon Parses, and George Donald Sutton. 

It has previously been demonstrated (Heilbron, Barnes, and Morton, 
J., 1923, 123, 2559) that the reactivity of the 2-methyl group in 
2 : 3-dimethylchromone is conditioned by its capacity to pass into 
the activated polarised form (I) and that this effect can be entirely 
suppressed by replacement of hydrogen for methoxyl in position 
7, the substituted 7-methoxy-2 : 3-dimethylchromone (II) being 
entirely unreactive owing to neutralisation of partial valency forces. 
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The examination of this phenomenon has now been extended ho 
the 4-qninazolone series, which has been widely ‘ 





2676 BENNETT AND HOOK : yy'-DIOHLOBODIPROPYL SULPHIDE. 

was removed in ether, the extract dried and evaporated, when 
yy'-dipiperidinodipropyl sulphide , (C 6 H 10 N*C 3 H c ) 2 S> was left as an 
oil which did not crystallise. It readily yielded a picrate , which 
crystallised from methyl alcohol in yellow needles, m. p. 199—200° 
(Found: C, 45*3; H, 6-8. C 28 H 3 8 0 14 N 8 S requires C, 45-3; H, 5*2%). 

Action of Potassium Cyanide .—The chloro-sulphide (1*87 g.) was 
heated in boiling ethyl alcohol for 9 hours with potassium cyanide 
(2 g. = 3 mols.). The alcohol was evaporated, water added, the 
precipitated oil removed in ether, and the ether evaporated. The 
crude dinitrile thus obtained was at once hydrolysed by boiling with 
concentrated hydrochloric acid (15 c.c.) for 2 hours. The cold 
diluted solution was extracted several times with ether, and the 
extract on evaporation left a solid (0-8 g.) which was crystallised 
once from a little water and once from benzene-light petroleum. 
This substance was thiodibutyric acid, of m. p. 99—101° (Gabriel, 
loc. cit 9 and Davies, J., 1920,117, 297) (Found: by titration, equiv., 
105. Calc., 103-1). 

Action of Potassium Sulphide . —The chloro-sulphide (4*0 g.) 
was heated for 3 hours with a boiling ethyl-alcoholic solution of 
freshly prepared potassium sulphide (from 4*8 g. of potassium 
hydroxide); the mixture was then distilled with steam. The 
residual oil, which solidified on cooling, crystallised from carbon 
disulphide-light petroleum as a white powder melting indefinitely 
between 50° and 70°. Repeated crystallisation failed to separate 
any substance of sharp melting point. This material, although 
evidently not a pure chemical individual, had approximately the 
composition of a polymeride of hexamethyhne disulphide (Found: 
0, 48*0; H, 8-4; M, cryoscopic in camphor, 1400, 1740. C 6 H 12 S 2 
requires C, 48*65; H, 8-1%; M, 148). It closely resembles the 
“polymeric ” diethylene disulphide which results from the action 
of alkali sulphides upon ethylene dibromide or dichlorodiethyl 
sulphide, and both are probably mixtures of substances having a 
long open-chain structure (compare Bennett -and Whincop, J., 
1921, 119, 1861; Staudinger, Helv. Chim . Acta, 1925, 8, 67). 

Comparison with Dichlorodiethyl Sulphide with respect to Speed 
of Reaction with Alcoholic Sodium Hydroxide ,—A solution of diehloro- 
diethyl sulphide in ethyl alcohol (10 c.c.; 0*23 mol. per litre) was 
added to boiling alcoholic sodium hydroxide (25 c.c.; 0-5U5N), and 
the mixture boiled under reflux. It was found by titration that 
after 5 minutes the reaction had completed itself to the extent 
of 71-5%. An approximately equivalent solution of yy'-diohloro- 
dipropyl sulphide (10 c.c.; 0-25 mol. per litre) was mixed with the 
mm volume ofthesame solution and boiled for 5 hours; the 
had then completed itself to the extent of 71*7%. 
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Bogert and his collaborators. That 2 : 3-dimethyl-4-quinazolone 
(V) contains a reactive methyl group has been demonstrated by the 
preparation of 2-styryl-3-methyl-4-quinazolone (Bogert, Beal, and 
Amend, J. Amer. Ghent. Soc., 1910, 32,1654) and we have now been 
able to show that the isomeric 1 :2-dimethyl-4-quinazolone (VI) 
also is capable of yielding styryl derivatives. 

This latter compound was first prepared by Weddige (J. pr. Ghent. ^ 
1887, 36, 152) by direct methylation of anthranilamide followed by 
acetylation and subsequent loss of water from the acetyl methyl 
derivative. On testing this method, it was found that the yield of 
methylanthranilamide produced was poor owing to simultaneous 
formation of anthranilamide dimethyl ether. Other methods were 
therefore sought, starting from methylanthranilic acid itself. As 
distillation of the ammonium salt failed to yield the amide, an 
attempt was made to obtain the 1 :2-di methyl-4-quinazolone 
directly by distillation of the ammonium salt of acetylmethyl- 
anthranilic acid, but although some of the desired substance was 
obtained the yield was again unsatisfactory. 


(in.) 
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As these methods failed to give the required amide, attention 
was next directed to an investigation of Niementowski and Rozanski 
( Ber 1889, 22, 1672), who found that isatoic anhydride was readily 
converted into anthranilamide by 0*88 ammonia. The preparation 
of methylisatoic anhydride (III) proved a simple matter, a quantita¬ 
tive yield of this substance being obtained on treatment of methyl¬ 
anthranilic acid successively with ehloroformic ester and acetyl 
chloride (compare Bredt and Hof, Ber., 1900, 33, 27). With con¬ 
centrated ammonia, it passes readily into methylanthranilamide, 
a reaction which incidentally furnishes fresh proof of the correctness 
of the anhydride structure of isatoic acid (compare Erdmann, Ber., 
1899, 32,2159). 

As in the ease of 2 : 3-dimethylchromone, both the 1: 2-dim ethyl- 
4-quinazolone and the isomeric 2 :3-dimethyl compound readily 
condense at room temperature with aromatic aldehydes in presence 
of alcoholic sodium ethoxide to yield 2-styryl derivatives, the more 
drastic conditions of boiling the reactants together as employed by 
B<^ert> Beal, and Amend (be. cit.) being unnecessary. 

In both these compounds we consider that the reactivity of the 
methyl group is conditioned by the tendency of the unsaturated 
nitrogen atoms, as with the carbonyl oxygen atom of 2 : 3-dimethyl- 
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CCCLXVL —Researches on Sulphuryl Chloride. Part 
IV. Further Studies on a New Chlorinating Agent. 
Preparation of Polychloro-derivatives of Toluene. 

By Oswald Silberrad. 


In previous communications (J., 1921, 119, 2029; 1922, 121, 
1015) it was shown that anhydrous aluminium chloride and sulphuryl 
Chloride interact to form aluminium chlorosulphoxide, A1C1 3 !S0 2 ; 
and that in the presence of sulphur, aluminium sulphur chloride, 
A1C1 3 !SC1*SC1IA1C1 3 , is produced : further, that towards sulphuryl 
chloride both these compounds act as potent catalysts, the latter 
being quite the most convenient chlorinating agent at our disposal, 
and also one of the most powerful. 

It is with the object of extending our knowledge of this 
reagent, hitherto restricted to its action on benzene (be. tit), 
that the present research on the chlorination of toluene was 
undertaken. 

The only earlier work that has any bearing on this subject is 
that of Witte (Pharm. Bee., New York, Dec. 16, 1889), Tohl and 
Eberhard (Ber ti 1893, 26, 2943), and Boeseken (Bee. trav. chim., 
1911, 30, 381). These experimenters all investigated the action 
of sulphuryl chloride on toluene in the presence of aluminium chloride 
under conditions conducive to the Priedel-Crafts reaction and 
obtained mixtures composed of o- and <p-toluenesulphonyl chlorides 
as the chief ingredients, together with lesser amounts of o- and 
^-chlorotoluenes, ditolylsulphone (T. & E.}, and o- and ^-toluene- 
sulphonic acids (B.). 

If, however, sulphuryl chloride containing about 1% of sulphur 


chloride be run into a mixture of toluene and anhydrous ahiminium - 
chloride previously heated at about 70°, aluminium sulphur chloride 
is instantaneously formed and chlorination takes place as 
as the mixture is added, an almost theoretical yield of : 
tri-, or penta-chlorotoluene being produced with equal ea^|| 
rapidity by simply adjusting the relative proportions 
carbon and reagent. Progressive chlorination 
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as far as could be ascertained colorimetrically, in approximate 
agreement. The low potential differences which were obtained 
in all the uranium titrations had nothing to do with the ageing 
of the platinum black, as in many instances freshly platinised 
electrodes were employed. A regular increase in the potential 
difference of the oxygen-hydrogen cell could not hare taken place 
in the silver nitrate titrations, for according to the proportional 
hydrion scale the silver oxide was precipitated at 6, whereas 
calculation from the solubility product of silver hydroxide showed 
that the true precipitation p K lay between 9 and 10. By comparing 
the voltage actually observed when the precipitation began, 0*40 
volt, with that which would be given by a hydrogen electrode 
indicating £> H 9, each compared with the normal calomel electrode, 
the E.M.F. of the oxygen-hydrogen cell is found to be 1*21 volts. 
This value is greater than either the initial (0*96) or the final (1-13) 
value, and was probably caused by the instability of the silver 
oxide. The remaining solutions investigated showed much less 
variation in their extrapolated P.D.’s, and when isolated p 3 s were 
found by means of indicators and compared with those given by 
the scales, they were generally found to agree within half a p 3 unit. 

The differences in the actual voltage readings, which covered 
equal ranges of hydrion concentration, were usually unequal in 
any two titrations. Thus the change in p 3 from 1*7 to 12*0 (say) 
would be indicated by the hydrogen and normal calomel electrodes 
by a variation in E.M.F. from — 0*381 to — 0*975 volt, a difference 
of 0*594 volt. In the case of the lead titration, the oxygen electrode 
E.M.FS s moved over the same range with an almost equal change 
in voltage, viz,, from 0*667 to 0*067, a difference of 0*600 volt. In 
the other extreme titration, that of silver nitrate, the E.M.F. 
varied from 0*578 to 0*167 volt, a difference of 0*411 volt only. 

In order to represent these titrations graphically (Fig. 1), it has 
been found necessary to convert the observed voltages into the 
approximate p K values by simple proportion (this vol., p. 1915); 
these values are plotted as ordinates, and the number of c.c. of 
alkali added as abseissse. Curve No. 4, representing the titration 
of silver nitrate, is dotted, for, as previously shown, the propor¬ 
tional hydrion scale is inapplicable. The arrows denote the beginning 
of precipitation. 

The precipitation of basic mercuric chloride (curve No. I) began 
when Pb. 7*4 was attained; the precipitate, at first white, became 
brown as more alkali was added. Precipitation was complete when 
three-quarters of the amount of alkali required for the complete 
decomposition of the mercuric chloride had been added. At this 
point—50*3 c.c. of sodium hydroxide—the addition of more alkali 
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caused a rapid increase in The basic chloride was readily 
decomposed on the addition of an excess of alkali. The fact that 
exactly 1-5 equivalents of sodium hydroxide were sufficient to 


Fro. 1. 



C.o.o/IT aOH, 


transform d molecule of mercuric chloride completely into air 
insoluble basic precipitate seems to furnish good evidence that’ 
the precipitate first formed was a definite salt, viz. t HgOa.SHgO. 
Some decomposition took place immediately an excess of 
was added, for after precipitation was complete about 2 c.o. of 

■4o* : * -■ '-'ife 
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alkali had to be added before the solution attained a marked 
alkalinity. The partial investigation by Toda {Memoirs Coll . Sci . 
Kyoto , 1921, 4, 305) of the ternary system HgO-HCl-H a O at 35° 
failed to establish the individuality of HgCl 2 ,3HgO. A crystalline 
basic chloride of this composition is stated to occur naturally as 
kleinite and mosesite, and has also been prepared by several workers 
(compare Mellor’s “ Treatise/’ 1923, Vol. IV, p. 842). 

Curve No. 2 shows that the precipitate obtained from the cadmium 
sulphate solution was also basic. It was heavy and flocculent and 
its composition must have been CdS0 4 ,3Cd(0H) 2 ,rH 2 0, for 49 c.c. 
(=1*5 equivalents) of sodium hydroxide were required for its 
precipitation. Hamed (J. Amer . Chem. Soc., 1917, 39, 252) arrived 
at the same conclusion by conductimetric titration, and Pickering 
(J., 1907, 91, 1981) found that a solution of cadmium sulphate 
was rendered alkaline to phenolphthalein by the addition of T46 
equivalents of alkali. 

Curve No. 3, illustrating the precipitation of lead as a basic 
nitrate, is remarkable for the considerable change in hydrion con¬ 
centration which is shown to have taken place. The mode by 
which the precipitate was formed is yet another example showing 
that precipitation is often brought about by the coagulation of a 
colloidal solution, initially formed. A faint opalescence occurred 
on the addition of 20*5 c.c. of sodium hydroxide (p s = 6), but 
immediately after another 0*5 c.c. had been added a heavy, white 
precipitate appeared, only to pass, in the course of a few seconds, 
into colloidal solution. Further additions of alkali merely intensi¬ 
fied the turbidity of the solution, which became opaque after the 
addition of 33*5 c.c. The colloidal solution coagulated when 38 c.c. 
of alkali had been added. Once again, 1*5 equivalents of alkali 
were required for complete precipitation, showing that the com¬ 
position of the precipitate was Pb(N0 3 ) 2 ,3Pb(0H) 2 ,a;H 2 0. The 
existence of such a salt has been claimed by several workers. 

Silver does not appear to give a basic precipitate under these 
conditions, as will be seen from curve No. 4. 

The precipitation of basic copper sulphate is an excellent example 
to show how the composition of the precipitate may be influenced 
by the manner in which the precipitant is added. When the 
sodium hydroxide was added slowly to a copper sulphate solution, 
and the solution was thoroughly agitated, the precipitate was pale 
Hue, amorphous, and heavy, but when the alkali was added quickly, 
no care being taken to ensure thorough mixing, the precipitate was 
green and gelatinous and, in contrast to the former precipitate, 
turned black either on standing or on heating. Provided the 
amount of alkali added was insufficient to render the solution 
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alkaline, the gelatinous precipitate, on shaking, gradually became 
converted into the less basic, amorphous precipitate* The pre¬ 
cipitate obtained in the titration was amorphous and, as will be 
concluded from the amount of alkali (147 equivalents) required 
for its precipitation and to render the solution alkaline, contained 
CuO and S0 3 in the molar ratio 4:1. In his experiments on 
copper sulphate solutions, Pickering (loc. cit.) found that whilst 
1-53 equivalents of sodium hydroxide actually produced complete 
precipitation as basic sulphate, the solution on treatment with 
alkali did not become alkaline to phenolphthalein until about 1-7 
equivalents had been added. This initial alkalinity gradually 
disappeared until approximately 1*8 equivalents had been added. 
It is evident that Pickering obtained complete precipitation as 
GkiS0 4 ,3Cu(0H) 2 ,£H 2 0 in one case. The fact that the initial 
alkalinity did not coincide with the end of precipitation was due 
to the way in which the alkali was added during the testing with 
phenolphthalein. In the present electrometric titration, complete 
precipitation and alkalinity to phenolphthalein took place simul¬ 
taneously. Pickering believed that the greater amount of alkali 
pointed to the precipitation of a mixture of basic sulphates, 
4Cu0,S0 3 and 10CuQ,S0 3 ; the individuality of the latter he 
thought to be sufficiently established by the amount of alkali 
required to cause final alkalinity. Hamed (loc, cit .), by titrating 
with a copper electrode, also found that precipitation was com¬ 
plete when 1-7 equivalents of sodium hydroxide had been added, 
Harned’s observation, as was Pickering’s, was due to the manner 
in which the precipitant was added. In a subsequent paper, it 
will be shown that the pale blue, amorphous precipitate is a definite 
basic salt, 4Cu0,S0 3 ,4H 2 0. 

The uranic solution used in the titration was prepared by dis¬ 
solving so-called uranyl nitrate in nitric acid, The colour of the 
solution was pale yellow, but important changes in the intensity 
occurred during the titration. Curve No, 6 shows that a slight 
inflexion occurred immediately after the acid in excess of that 
required to form uranic nitrate had been neutralised with 14*9 c.c, 
of alkali; this, perhaps, may be due to the presence of sexavalent 
uranium nitrate in the solution (compare the titrations of the 
chlorides of zirconium and ferric iron). This small inflexion was 
repeatedly obtained* No appreciable change in colour was observed 
until 45 c.c. of sodium hydroxide had been added, the composition 
of the solute then being U(N0 3 ) 2 - 38 (0H) 3 . 62 . Thereafter the solu¬ 
tion, though remaining clear, gradually became deeper in colour 
until 55-8 c.c. of alkali had reacted, the solution then cont aining 
^(N0 8 ) lt>8 (0H) 4 . 82 ; at this stage a yellow precipitate began to 

4 c** 2 
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separate. It happened that this change corresponded exactly to 
a new section of the curve, and the point of inflexion corresponded 
to the solution in which the change in shade of yellow was first 
noticed. The diminished hydrion concentrations of the deeply 
coloured solutions, about p K 3*7, were close to that at which pre¬ 
cipitation began, p& 4*2. The deepening in colour of the highly 
basic solutions seems to have been due to a gradual increase in the 
size of the basic particles, the uranium hydroxide being held in 
solution in a state closely akin to that of a colloid. The hydrion 
concentration of the solution when 48 c.c. of alkali had been added 
was 10" 3 7 ; the solution then contained the proportions of uranium 
and nitrate present in uranyl nitrate but was much deeper in 
colour than that obtained by dissolving uranyl nitrate crystals. 
The explanation of this difference probably lies in the fact that 
uranyl nitrate is crystallised from strongly acid solutions. On 
solution in water, it tends to revert to a state which is probably 
colloidal, as shown by the changes in colour and in conductivity 
which it undergoes on standing and especially at higher tem¬ 
peratures (Dittrich, Z . phydiked. Ohem 1899, 29, 449). If the 
increase in conductivity which takes place on standing is due to 
the formation of particles which are essentially colloidal, these 
particles must be capable of some kind of ionisation. There seems 
to be very little support for the belief that uranyl salt solutions 
contain the “ uranyl ” kation; none is to be found in conductivity 
measurements, which show that the increases in conductivity with 
dilution of solutions of the nitrate, chloride, and sulphate are 
anomalous. 

The diagram shows that precipitation was complete when 64 c.c. 
of alkali had been added as compared with the 64*7 c.c. which were 
required for the complete formation of uranic hydroxide. Hence 
the precipitate was uranic hydroxide containing a very small 
quantity of undecomposed nitrate. The text-books state that 
alkalis precipitate “ diuranates ” and not uranium hydroxide; 
e.g., with sodium hydroxide, the precipitate is stated to be Na 2 U 2 0 7 
(compare Boscoe and Schorlemmer’s “Treatise,” Vol, II, p. 1154, 
revised 1923). Jolibois and Bossuet ( Compt . rend., 1922,174, 
1625) found that the precipitates produced by the action of sodium 
hydroxide on uranyl nitrate solutions contained no nitrate; the 
small quantities of sodium hydroxide present, varying from 1*2 
to 8% they conm<teed to be adsorbed. 

Dilute acid solutions of uranium nitrate or. uranyl salt solutions 
themselves, when gently heated, underwent some profound change; 
the colour became deeper and the reverse change on cooling took 
place very slowly. They became alkaline to phenolphthalein when 
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the theoretical amount of alkali was added, but a precipitate 
separated only when an appreciable excess of alkali had been 
added or the solution had been boiled for some time. The opal¬ 
escence of the alkaline colloidal solution depended on the tem¬ 
perature to which the original solution had been heated. The 
deep yellow solutions formed by gentle heating were almost clear, 
whereas those which had been boiled became visibly colloidal. If 
not too great an excess of alkali had been added, the resulting 
colloidal solutions remained quite stable for several days. They 
were coagulable on addition of 1 or 2 c.c. of saturated potassium 
chloride solution. Heating thus appeared to have caused some 
change in the state of aggregation of the particles of uranium 
hydroxide or more likely of highly basic salt, which were probably 
in equilibrium with free nitrate ions and were thereby enabled to 
enter into reaction with alkalis so that the uranium hydroxide 
complexes remained in colloidal solution. 

Curve 7 represents the titration of an acid solution of ferric 
chloride and correlates the changes in hydrion concentration with 
the changes in colour. It is something more than a coincidence 
that the colours of solutions containing basic salts should be similar 
to those of their respective hydroxides. The colour of solutions of 
both the basic salts of chromium with strong aoids and chromium 
hydroxide is green, and the uranium solutions are pale yellow but 
become intensely yellow as they become more basic and are then 
identical in colour with uranium hydroxide. As is well known, 
ferric chloride solutions freshly prepared or containing an excess 
of free acid, are only slightly coloured; on standing, the solution 
reddens and its colour approaches that of red ferric hydroxide. 
In the present titration the end of the neutralisation of the free 
acid appears to be indicated by an inflexion, at 201 c.c. of sodium 
hydroxide. As the solution was rendered more basic, the colour 
gradually changed from yellow to red. It became quite red after 
addition of 30 c.c, of sodium hydroxide, when the composition of 
the solute had become Fe(OH) 0 . 74 Cl 2 - 2 8 , and with 39 c.c, it began 
to opalesce. Afterwards the solution became increasingly colloidal 
and became opaque at 3, which, as will be seen from the curve, 
occurred just when the sudden change in hydrion concentration 
had begun. Coagulation set in when the p H had become 6-6 and 
58 c.c. of alkali had been added, the composition of the basic chloride 
then being Fe(OH) m Clo 15 . 

As the colloidal solution persisted until nearly all the chloride 
had reacted, experiments were made to see if it were possible to 
prevent coagulation while the solution was being subjected to a 
sudden fall in hydrion concentration. As in the case of basic 
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uranium nitrate solutions, this possibility depended on the changes 
which had taken place in the ferric chloride solutions before treat¬ 
ment with alkali. Aqueous solutions of ferric chloride more dilute 
than N /25, on boiling, acquired a deep red colour, and often remained 
colloidal on treatment with A/10-alkali in slight excess. Small, 
red, amorphous precipitates separated in some cases, but even 
then the precipitation was incomplete and the solids did not settle 
until several hours had elapsed. The presence of a little hydro¬ 
chloric acid in the solutions before heating had some stabilising 
effect on the colloidal solutions which were subsequently produced. 
In one case the colloidal solution remained stable for nearly 3 months. 
This solution was prepared by adding 55 c.c. of N /10-sodium 
hydroxide to 500 c.c. of a boiling solution containing 100 c.c. of 
N /25-ferric chloride and 10 c.c. of N /10-hydrochloric acid. It 
seems certain that the red colour of boiled ferric chloride solutions 
was due to dispersed ferric hydroxide particles, and consequently 
the increase in the size of the basic chloride particles caused by 
rendering the solution alkaline was not so great as that occurring 
in an unboiled solution, and therefore did not produce coagulation. 
The increased stability of the colloidal solutions prepared from 
acidified ferric chloride solutions was probably due to the effect 
of the acid in suppressing the growth of the colloidal particles 
on boiling, thereby giving rise to a more highly dispersed and 
more stable colloidal solution. Prolonged boiling decomposed 
these alkaline colloidal solutions, and they were readily coagulated 
on addition of electrolytes in sufficient amounts. 

It is probable that the solubility product of very weak bases 
such as ferric hydroxide has very little meaning, but in view of 
the recent work of Jellinek and Gordon (Z. physikal. Chem. t 1924, 
112, 235) it is interesting to compare their value for [Fe'^JOH'] 3 , 
viz., 10” 37 ' 9 , with that given by the titration curve. They measured 
the hydrogen-ion concentrations with the hydrogen electrode of 
solutions of ferric chloride, containing potassium chloride to coagulate 
the colloidal solutions, to which varying amounts of sodium hydr¬ 
oxide had been added. The concentration of ferric ions in the 
mother-liquor was determined colorimetrically as thiocyanate. 
The latter method is probably unsatisfactory, because the acid 
used would materially affect the concentration of ferric ions in a basic 
ferric chloride solution. If it be assumed that in the titration 
the appearance of opalescence marked the point at which ferric 
hydroxide actually began to separate, and that the amount of free 
ferric ions was equivalent to the remaining amount of alkali to be 
added to decompose the ferric chloride completely, the value for 
the solubility product becomes 1(T 37 ‘ 7 . Thus opalescence occurred 
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on the addition of 39 c.c. of iST/10-alkali; == 2*3. Hence 

[OH'] = 1CT 11 ' 8 and [Fe”] » 20*9/39*8.100/139.0*0133 - 10^, 
Muller (“ Das Eisen und seine Verbindungen,” 1917, p. 281) 
calculated the value 6*5 X 10“ 47 from Bodlander’s formula (Z. 
physikah Chem 1898, 27, 66). 

Arrangement of Metals in the Order of the Hydrogen-ion 
Concentrations required for the Precipitation of their 
Hydroxides . 

It was stated in Part I that no principle has yet been found 
which leads to a satisfactory arrangement of the metals such that 
the order is that of the basic strengths of their hydroxides. The 
titrations described in the foregoing pages show that for each 
hydroxide there is a definite hydrogen-ion concentration at which 
its precipitation normally takes place. It is true that the majority 
of the hydroxides are thrown out of solution as basic precipitates, 
but the hydrogen-ion concentrations at which these are precipitated 
probably do not differ greatly from those of the particular hydr¬ 
oxides. The table gives the metals in the order of the hydrogen-ion 
concentrations at which their respective hydroxides are precipit¬ 
ated from dilute solutions. Although it is not certain that this 
order is that of the actual basic strengths of the hydroxides, it can 
be stated, as will be shown later, that it is these hydrogen-ion 
concentration relationships which underlie many of the reactions 
of the various metallic salt solutions. 


Hydrion 

eonc. 

10- 11 

Magnesium 

Hydrion 

cone. 

« 

Cadmium 

Hydrion 

cono. 

Copper 

jO-io 

10~» 

Silver 

Praseodymium 

Neodymium 

1 <H 

Chromium 


Manganous 

Yttrium 

Aluminium 

10- 8 

Lanthanum 

Mercuric 

Cerous 

10“* Samarium 

Ferrous (?) 

Lead (?) 

10~ 4 

Uranic 

Thorium 


Cobalt 

Nickel 

IQr* Zinc 

Beryllium 

10-8 

Stannous 

Zirconium 

Ferric 


An arrangement now widely adopted is that based by Abegg 
and Bodlander (Z. anorg . Chem., 1899, 20, 453) on their theory 
of electroaffinity, which states that the electrolytic potential con¬ 
stitutes an approximate measure of the basic strength of the metal. 
Comparison with the present arrangement brings out the following 
important differences. According to the position of aluminium 
in the table, aluminium hydroxide is an extremely weak base, 
weaker than chromium hydroxide, yet aluminium occurs higher 
than chromium in the electropotential series. There is no doubt 
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that both aluminium and chromium hydroxides are much weaker 
bases than manganous hydroxide, and this is also indicated by the 
present scheme, but according to the electropotential series they 
are both placed above manganese. Heyrovsky ( Proc . Roy. Soc. 9 
1923, A , 102, 628) has pointed out that the thallous potential is 
small, which necessitates placing thallium relatively close to hydro¬ 
gen in the electropotential series, in spite of the fact that thallous 
hydroxide is a strong base and is not precipitated by alkalis. If 
it be assumed that the electrolytic potentials of metals under 
identical conditions are a measure of their electroaffinities, i.e. 9 
the free energies by which the elements take up electric charges, 
it cannot be concluded, as was admitted by Abegg and Bodlander, 
that the potentials as determined are in any way parallel to the 
electroaffinities, for nothing is known of the relative atomic solu¬ 
bilities of the various metals in water. Unless it is known that 
the number of atoms of the different metals which pass into solu¬ 
tion is the same, no guarantee can be obtained that an arrangement 
accruing therefrom is in any way true. Heyrovsky attempted to 
amend the above method by introducing such factors as the mass 
of the kation, and obtained an order which he stated “ comes out 
right.” Heyrovsky s system indicates that lead hydroxide is a 
stronger base than magnesium hydroxide, and that mercuric oxide 
is a very weak base, weaker than zinc hydroxide. The present 
table suggests the contrary in both cases. It is well known that 
water becomes alkaline (to litmus) when shaken with mercuric 
oxide, but remains neutral when shaken with zinc oxide. 

It is probable that the present table provides as satisfactory 
an arrangement as any that has been hitherto advanced, as far 
as the general reactions which involve the strength of the base are 
concerned. The position of the hydroxides in the table is the 
important factor in processes for separating hydroxides or basic 
salts, as was shown to be the case in the separation of thoria 
from the rare earths (see Part III). The basic acetate and basic 
succinate methods for the separation of manganese from iron 
depend on the great difference in hydrogen-ion concentration re¬ 
quired to precipitate their respective hydroxides. Lundell and 
Knowles (J. Amor. Chem. Soc ., 1923, 45, 676) have shown that 
the separation may equally well be performed by fractional pre¬ 
cipitation with ammonia in presence of ammonium chloride, the 
precipitation of the ferric hydroxide being controlled by rendering 
the solution just alkaline to methyl-red, i.e., about 6*3. The 
reason for this is apparent from the hydrion table of the hydroxides. 
The table also explains why mercuric oxide can be used as a separ¬ 
ating agent for various bases. Thus E. F. Smith and Heyl (Z. 
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anorg. Chem ., 1894, 7, 87) showed that mercuric oxide caused the 
complete precipitation in the cold of ferric, aluminium, and chrom¬ 
ium hydroxides, the partial precipitation of zinc, cobalt, nickel, 
uranium, beryllium, cerous, and lanthanum hydroxides, and failed 
to precipitate manganous hydroxide. The table shows that the 
hydrogen-ion concentration peculiar to mercuric oxide is greater 
than that required to precipitate manganous hydroxide, is approxim¬ 
ately equal to that required for lanthana, is somewhat less than that 
required by those hydroxides which were partly precipitated, and 
is considerably less than that of the three bases which were completely 
precipitated. 

Summary . 

(1) The reactions between sodium hydroxide and salt solutions 
of certain metals have been followed with the oxygen electrode, 
the hydrogen electrode being inapplicable. 

(2) A scale of hydrogen-ion concentrations has been applied to 
the observed voltages, accurate to the extent of about 0-5 unit 
except in the case of the silver nitrate titration. 

(3) Basic precipitates, probably containing definite basic salts, 
were obtained from solutions of mercuric chloride, copper sulphate, 
cadmium sulphate, and lead nitrate. 

(4) The precipitate obtained from uranium nitrate solution was 
the hydroxide containing a little nitrate, and not sodium diuranate 
as is often stated. 

(5) Significant changes in colour were observed in the titrations 
of both uranic and ferric salts. 

(6) The twenty-five hydroxides which have been investigated 

have been arranged in the order of their respective precipitation 
hydrogen-ion concentrations. . 

In conclusion, the author wishes to thank Prof. J. 0. Philip, 
F.R.S., for kindly placing facilities at his disposal, and the Depart¬ 
ment of Scientific and Industrial Research for a personal grant. 

Imperial College op Science and Technology, 

South Kensington, S.W. 7. JBeceived, July 1st, 1925.] 

CCXCI.— The Interaction of Ethyl Acetoacetate and 
o-Hydroxydistyryl Ketones. Part II. 

By Isidor Mokbis Hbilbron, Thomas Alfred Forster, and 
Abraham Brhoe Whitworth. 

The condensation of ethyl acetoacetate with o-hydroxydistyryl 

ketones was shown by Heilbron and Forster (J., 1924, 

to lead to the formation of cydohexenones and not, as ^ , 
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of the o-hydroxymonostyryl derivatives, to pyrones. Further, it 
was found that the position taken uj5 by the fJ-ketonic ester in the 
conjugated system can be arrived at owing to the fact that when it 
attaches itself to the styryl residue containing the o-hydroxyl the 
resulting cyclohexenone is free of the carbethoxy-group. Thus, 
the interaction of 2'-methoxy-2-hydroxydistyryl ketone with ethyl 
acetoacetate leads to the formation of two ct/cfohexenones the struc¬ 
tures of which have been proved to be in accord with the following 
formulae: 

CH.-CO-qH 

HO-C 6 H 4 -CH-CH 2 -C-CH:CH-C 6 H 4 -OMe ( ) 
C0 2 EfCH-C0-^H 

MeO-C 6 H 4 -CH-CH,-C-CH:CH-C 6 H 4 -OH ( ) 

In order to test whether cyclohexenone formation is an invariable 
result of such condensations, the study of this reaction has now been 
extended to the case of the extremely reactive unsymmetrical 4'- 
dimethylamino-2-hydroxydistyryl ketone (XIII), in which the 
greater amount of the free affinity is almost certainly concentrated 
at 0(1) (Heilbron and Buck, J., 1921, 119, 1500). In consequence 
of this it was anticipated that ethyl acetoacetate would enter the 
molecule at positions 1—2 (formula XIII), giving rise to the cyclo- 
hexenone (III), if this type of compound were actually formed. 


ch 2 -co-ch 


(in.) 


HO-C 6 H 4 -CH-CH 2 -C-CH:CH-C 6 H 4 -NMe 2 

The result obtained was anomalous, for although a cyclohexenone 
resulted when the reactants were condensed in presence of concen¬ 
trated aqueous potassium hydroxide, the cyclohexenone contained 
the original carbethoxy-group, and consequently if the deductions 
previously arrived at are correct, must represent the compound of 
structure IV. Now Borsche (Annalen, 1910, 375, 145) has shown 
that whereas distyryl ketone readily reacts with ethyl acetoacetate 
in presence of piperidine, 'p^'-tetramethyldiaminodistyryl ketone is 
unreactive under these conditions. It has now been ascertained 
that condensation can be brought about under similar conditions 
to those used in the above experiment, resulting in the formation 
of the cyctohexenone (V). 


CO.Et-CH-CO-CH 

ite 2 N*C 6 H 4 OH-CH 2 *C*CH:CH-C 6 H 4 -OH ( } 

.G0 2 Et*CHH30-OH 

Me 2 N*C 6 H 4 *CH*CB!2 , C , CH:CH*C 6 H 4 *NMe2 (V ° 
Si milar ly, by employing 50% potassium hydroxide, 4-dimethyl- 
aminostyryl methyl ketone also reacts with ethyl acetoacetate. 
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giving in the first place the saturated cyclohexane derivative (VI), 
from which water can easily be removed with formation of (VII). 


CO a Et-OH-CO-OHo -h„o 
Me 2 N-C 6 H 4 -CH-CH 2 -C(OH)Me 
(VI.) 


CO 2 Et-0H-CO-CH 

Me.,N-C 6 H 4 -CH*CH 2 -CMe 

(VII.) 


It is thus apparent that the p - dimetkylamino-group, although 
normally acting as a retarding factor, does not necessarily rule out 
the structure given in (IV). That this truly represents the constitu¬ 
tion of the ketone -under consideration was finally proved by 
oxidising the cg/cfohexenone with potassium permanganate in acetone 
solution, when salicylic acid was isolated from the decomposition 
products. That the anomalous behaviour is closely connected with 
the peculiar activity of the ketone is evident, for, as shown below, 
it disappears on methylation of the free hydroxyl group, which 
reaction destroys the activity of the compound (Heilbron and Buck, 
loc. cit.). Further, with 4'-dimethylamino-4-methoxy-2-hydroxy- 
distyryl ketone, in which the “ active ” properties of the parent 
ketone are also entirely suppressed (compare Heilbron and Whit¬ 
worth, J., 1923,123, 238), ethyl acetoacetate yields a cyclohexexione 
with the carbethoxyl eliminated and which consequently must 
possess the structure (VIII). 


?h 2 -co-oh (VnL) 

MeO-(HO)C 6 H 3 -CH-CH 2 -C-CH:CH-C 6 H 4 -NMe 2 1 ; 

On the other hand, the isomeric 4'-dimethylamino-3-methoxy- 
2-hydroxydistyryl ketone and also the 5-methoxy-compound, both 
of which are “ active ” (Heilbron and Whitworth, loo. cit.), yield 
as main products of the condensation cycZohexenones similarly 
constituted to that obtained from 4'-dimethylamino-2-hydxoxy- 
distyryl ketone itself. 


C0 2 Et-CH-C0-0H 

• MeO>O a H 4 -CH-CH 2 -C-CH:CH-C a H 4 -NMe 2 t ; 

Me 2 N— --— --—OMe (X.) 

I(C0 2 H) 2 

HO-C 6 H 4 -CH-CH 2 -CO-CH:CH-C a H 4 -NMe 2 { > 


Me 2 N- 


OH (XII.) 


With 4'-dimethylamino-2-methoxydistyryl ketone, two isomeric 
compounds of empirical formula C 2S H 29 0 4 KT were isolated. The 
higher-melting CT/cfe»hexenone (m. p. 164°), which is only:loE8Jt|^j: 
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of m. p. 114° must accordingly have the constitution (IX), the 
reaction in this case having followed the normal course. 

The primary object of the investigation has been achieved in 
definitely proving that, in all the cases examined, cs/cfohexenones 
alone are formed as products of the condensation, and the facts 
harmonise well with the mechanism previously suggested to account 
for the elimination of carbethoxyl during the condensation (Heilbron 
and Forster, he. cit.). 

As regards the point at which ethyl acetoacetate enters the 
molecule, this must certainly depend largely on the polar character 
of the substituent groups and their total effect upon the doubly- 
conjugated system. The authors feel, however, that the question is 
too complex to allow of an immediate explanation and that no good 
purpose would be served by attempting this until the effect of polar 
influences in less complicated molecules is more thoroughly under¬ 
stood. It is also possible that other factors have to be taken into 
account and that sterie influences play a part in determining the 
position taken up by the entering group. Thus in the case of 4'- 
dimethylamino-2-hydroxydistyryl ketone it is conceivable that 
ethyl acetoacetate, probably through the intermediate formation 
of a labile addition product, brings about a transformation of the 
co-ordinated cis-foim of the ketone (XIII) into a trans-isomeride 
(XIV), a rearrangement which must necessarily modify the dis¬ 
tribution of residual affinity effects. 


4 * 


! rr 

* VcH: 

\ # / 

OH—0 

(xm.) \ 

MegN- 


,CO-GH:CH*C 6 H 4 -NMe, 


X ^CH=C 

/ \H 


V)H 


(XIV.) 


This suggestion is supported to some extent by the observation 
recorded by Heilbron and Buck ( loc . cit) that, whereas 4'-dimethyl- 
amino-2-hydroxydistyryl ketone is characterised by the ease with 
which it forms molecular addition compounds and is indeed exceed¬ 
ingly difficult to isolate free from solvate addenda, this may be readily 
accomplished by crystallisation from ethyl acetoacetate. Again 
the profound effect which this ester exerts on the configuration of 
unsaturated ketones is exemplified in the yellow form of o-hydxoxy- 
styryl methyl ketone, which is readily transformed into its colourless 

this substance (McGookin and 
Heilbron, J., 1924, 125, 2099). On the other hand, ethyl cyano- 
acetate does not induce isomerism of this type (unpublished work) 
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and it might consequently be expected that in this case addition 
would take place at the usually reactive unsaturated centre. In 
presence of 50% sodium hydroxide a condensation product of empiri¬ 
cal formula C 22 H 23 0 6 N was isolated to which either formula (XI) 
or (XII) could be ascribed. That the former correctly represents 
the structure of the compound was shown by treatment of the 
dicarboxylio acid with concentrated potassium hydroxide solution* 
when fission of the molecule occurred with production of p-dimethyl- 
aminobenzaldehyde. In considering the formation of this aldehyde, 
it has to be borne in mind that the effect of the strong alkali might 
possibly produce a type of reversed Michael reaction, in which case 
the presence of the p-dimethylaminobenzaldehyde would simply 
result through disintegration of the distyryl ketone, fission occurring 
at the double bonds. That this, however, was not the case was 
evident from the fact that no trace of salicylaldehyde was found in 
the reaction mixture. 


Experimental. 

Ethyl S-p-Dimethylaminophenyl-S-o-hiydroxystyryl-A^-cyclohexene- 

1- cme-2-carboxylate (IV).—A solution containing 4'-cbmethylamino- 

2- hydroxydistyryl ketone (4 g.), ethyl acetoacetate (8 c.c.), absolute 
alcohol (20 c.c.), and potassium hydroxide solution (3 c.c. of 20%) 
was allowed to stand at room temperature for 24 hours. The 
precipitated product (2 g.) was collected and crystallised from either 
absolute alcohol or benzene. It separates in orange-yellow prisms 
(m. p. 196°) containing 1 mol. of solvent, from which it can be freed 
by heating in the steam-oven. It dissolves in concentrated sulphuric 
acid, giving the deep red solution characteristic of this type of 
cycloliQxenone (Pound in material crystallised from alcohol: C, 
72-0; H, 7*4; N, 3*1. C 25 H 27 0 4 lSr,C2H 6 0 requires C, 71*9; H, 7*3; 
N, 3*1%. Pound in material crystallised from benzene: 0, 76*8; 
H, 6*9; N, 2*9. C 25 H 27 0 4 NAH 8 requires 0, 77*0; H, 6-9; X, 
2*9%. Pound in aiihydrous compound : C, 73*9; H, 6*7; 3ST, 3*L 
C 25 H 27 0 4 N requires C, 74*1; H, 6*7; N, 3*4%). 

Oxidation .—About 1 g. of the substance dissolved in acetone was 
treated at room temperature with finely-powdered potassium 
permanganate, added in very small portions at a time. When the 
oxidation was complete, the mixture was filtered and the residue 
suspended in water and treated with sulphur dioxide until the 
manganese dioxide had dissolved. As no solid separated, the solution 
was made strongly acid with hydrochloric acid and ether-extracted. 
On removal of solvent, colourless needles were obtained and identified 
as salicylic acid by mixed m. p, with an authentic specimen of the 
acid and also by the characteristic ferric chloride coloration, 
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%~p-Dimetbylaminophenyl-5-Q-hydroxystyryl-A*-cyc\ohexene -1 - one- 
2-carboxylic Acid .—The previous ester was saponified by heating 
for 3 hours on the steam-bath with sodium hydroxide solution. 
The red, pasty mass was dissolved in water, and the acid precipitated 
by addition of dilute acetic acid. The pure compound crystallised 
from alcohol in yellow plates, m. p. 225° (Found : C, 73-3; H, 6-0. 
C 23 H 23 O 4 N requires C, 73*3; H, 6*1%). 

S-p-Dimethylamino-b-o-hydroxystyryl-A^-cyclohexeTie - 1 - one . —-The 
free acid was dissolved in glacial acetic acid and boiled for 1 hour 
with 20% sulphuric acid. After cooling, the green liquid was 
carefully neutralised with dilute alkali, and the precipitated cyclo- 
hexenone crystallised from methyl alcohol, from which it separated 
in yellow, felted needles, m. p. 232° (Found: C, 78*9; H, 6*9. 
requires C, 79*3; H, 6*9%). 

Ethyl 3-p-Dimethylammo-5-o-methoxystyryl-A 5 -cyclohexene-l-one- 
2-carboxylate (X).—By direct methylation of the corresponding 
hydroxy-compound by the usual methods, only uncrystallisable 
products were obtained. The pure methyl ether was readily pro¬ 
duced, however, by methylation in acetone solution according to 
Heilbron and Buck’s method (loc. cit.). It separates from high- 
boiling ligroin in lemon-yellow prisms, m. p. 164°, and dissolves in 
alcoholic potash to a yellow, and in concentrated sulphuric acid 
to a red solution (Found : C, 74*4; H, 7*0. C 26 H 29 0 4 ]Sr requires 
C, 74-5; H, 6-9%). 

Ethyl S-o-M ethoxy phenyl-o-p-dimethylaminostyryl-A h -cy clohexene- 
l-one-2-carboxylate (IX).—A solution of 4'-dimethylamino-2- 
methoxydistyryl ketone (3 g.) and 3 c.c. of ethyl acetoacetate in 10 
c.c. of alcohol was heated for 3 hours on the steam-bath with potass¬ 
ium hydroxide solution (3 c.c. of 20%), the colour changing from 
deep red to orange. On gradual dilution with water a semi-solid 
mass was deposited which proved exceedingly difficult to crystallise, 
but this was finally accomplished by means of alcohol in presence of 
animal charcoal. Microscopic examination of the crystals revealed 
the presence of two substances, which were separated by repeated 
fractionation from carbon disulphide into a main fraction of the 
above ester (m. p. 112 °) and a small quantity of a substance, m. p. 
160°, which was identical with the methyl ether obtained by 
methylation of the hydroxy-cycfohexenone (IV). 

Ethyl ^-o-TMihoooyphenyl-B-p-dimethylamiTiostyTyl-A^-cyolohexene- 
l-one-2’Carboxylate can be conveniently prepared in good yield free 
from the higher-melting isomeride by treating an alcoholic solution 
of the ketone (fig.) and ethyl acetoacetate ( 8 c.c.) at room temperature 
with potassium hydroxide solution (6 c.c. of 20 %). After a few 
hours the red solution was inoculated with a crystal of the lower- 
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melting ether and kept for 2 days. The crude product (5 g.) 
crystallises from ether in orange needles (m, p. 114°) which are 
extremely hygroscopic and change colour to brick-red on standing 
in moist air (Found: C, 74*2; H, 7*2. C 26 H 29 0 4 N requires C, 
74*5; H, 6*9%). 

Ethyl l-Methoxy-3-o-methoxyphenyl-5-^-dimethylaminostyryl~A l15 - 
cyc\ohexadiene-2-carboxylate .—This substance was prepared by 
dissolving the corresponding cycldhexenone (m. p. 114°) in sodium 
ethoxide solution and heating under reflux with methyl iodide for 
2 hours. It separates from ether in pale yellow needles, m. p. 148° 
(Found : C, 74*2; H, 7*4. requires C, 74*8; H, 7*2%). 

Ethyl 3-v-Dimethylaminophenyl-5-$-dimethylamino$tyryl"A B «cyelo* 
hexene-l-one-2-carboxylaie (V).—A solution containing 3*2 g. of 
4 :4'-tetramethyldiaminodistyryl ketone (Sachs and Lewin, Ber. } 
1902, 35, 2576), ethyl acetoacetate (5 c.c.), and alcohol (10 c.c.) was 
heated under reflux for 1 hour with sodium hydroxide solution 
(1 c.c. of 50%). . The clear red liquid was filtered from deposited 
sodium carbonate, and the c?/cfohexenone, which separated on cooling, 
repeatedly crystallised from absolute alcohol. It forms orange- 
yellow needles, m. p. 174—175°; the phenylhydrazone melts at 239° 
(Found: 0, 74*8; H, 7*5; N, 6*7. C 27 H 32 0 3 N* requires C, 75*0; 
H, 7*4; N, 6*5%). 

Ethyl 3-^-Dimethylaminophenyl-5-methyhyGlohexane~5-ol~l-one-2« 
carboxylate (VI).—A hot alcoholic solution of 4-dimethylamino- 
styryl methyl ketone (4 g.) and ethyl acetoacetate (6 c.c.) was 
treated with sodium hydroxide (1 c.c. of 50%), and the resulting 
red solution kept for 12 hours at room temperature. The cyclo- 
hexane crystallises from high-boiling ligroin in colourless needles, 
m. p. 149° (Found : C, 67*7 ; H, 8 * 1 ; N, 4*4. C 18 H 25 0 4 N requires 
C, 67*8; H, 7*9; N, 4*3%). The phenylhydrazone separates from 
absolute alcohol in colourless crystals, m. p. 179° (Found : N, 10 * 3 . 
CAO 3 N 3 requires N, 10*3%). 

Ethyl S-p-dimethylaminophenyl-d-methyl-A^-oyolohexene- 1 -one- 2 - 
carboxylate (VII) is formed on heating an alcoholic solution of the 
above compound with excess of 10% sodium hydroxide solution, 
when an oily mass is produced which slowly solidifies. The cyclo - 
hexenone crystallises from methyl alcohol after treatment with 
charcoal in glistening plates, m. p. 66 ° (Found : N, 4*8. C^H^OgN 
requires N, 4*7%). 

Ethyl 3-p-dimethylamirbophenyl-o-(3'-methoxy-2'-hydroxy)8tyryl~Ab* 
Gyclohexene-l-one-2-carboxylate was prepared by boiling an alcoholic 
solution of 4^dimethylainino-3-methoxy-2-hydroxydistyryl ketone 
(5 g.) and ethyl acetoacetate (2 mols.) for 3 hours tinder reflux with 
sodium hydroxide solution (3 c.c. of 40%). After removal of inor- 
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ganic material by filtration, the crude cyclohexenone was purified 
by repeated crystallisation first from absolute alcohol and finally 
from high-boiling ligroin. It forms yellow crystals, m. p. 197— 
198°, readily soluble in chloroform and benzene, sparingly soluble 
in alcohol (Found: C, 71*6; H, 6-5. C 26 BU 9 0 5 N requires C, 71*8; 
H, 6*7%). 

3-(4z'-M ethoxy-2 f -hydroxy)phenyl~5-$-dimeihyfaminostyryl-A^-cyclo- 
hexene-l-one .—An alcoholic solution containing 4'-dimethylamino-4- 
methoxy-2-hy<froxydistyryl ketone (6 g.) and ethyl acetoacetate 
(8 g.) was heated for \ hour on the steam-bath with 6 c.c. of 50% 
sodium hydroxide. After cooling, the solution was filtered from a 
small quantity of material which could not be further purified, and 
the filtrate diluted with water. The red, amorphous solid thus 
obtained was dried and repeatedly crystallised from benzene. The 
pure cydo hexenone forms orange-red crystals, m. p. 218° (Found • 
C,75*8; H, 6-9. C 23 H 26 0 8 N requires C, 76*0; H, 6*9%). 

Ethyl %-p-Dimethylamin(yphenyl-5‘(5'-methoxy-2 f -hydroxy)styryl-& b - 
cyclohexene -1 -one-2-carboxylate .—4'-Dimethylamino - 5 - methoxy - 2 - 
hydroxydistyryl ketone (4 g.) and ethyl acetoacetate (8 g.) were 
treated in alcoholic solution with aqueous sodium hydroxide (8 c.c. 
of 20%). After 3 days, the solution was filtered from a small 
quantity of solid, and the filtrate slowly diluted with water, when 
the cycloh.exen.one ester was precipitated. It crystallises from 
benzene with 1 mol. of solvent of crystallisation in yellow crystals, 
m. p. 196—197° (Found: C, 74*9; H, 7*2. C 2 sll ?Q 0 & N,G Q EL s 
requires C, 74*8; H, 6*8%). The residue was washed with water to 
remove inorganic material and crystallised from aqueous pyridine. 
It separated in orange crystals, m. p. 250°. Analysis of this com¬ 
pound shows that the carbethoxyl has been split off, from which it 
follows that its structure corresponds to 3-(5'-methoxy-2'-hydroxy)- 
phenyl-5-^-dimethylaminostyryl-A 5 -c^cZohexene-l-one (Found: C, 
75*9 ; H, 6*9. C^H 2 5 0 3 N requires C, 76*0; H, 6*9%). 

y-p-IHimlEylamirwcinnamoyl-Q-o-hydroxyphenylpropane-oiaL'-dicarb- 
oxylic AwL (XI).—A mixture containing 4 / -dimethylam in o-2- 
hydroxydistyryl ketone (8*2 g. of chloroform addition product) and 
8 c.c. of ethyl eyaao&cetate in 25 c.c. of hot alcohol was treated with 
sodium hydroxide solution (8 c.c. of 50 %), when a deep red coloration 
rapidly developed and ammonia was evolved. After 16 hours the 
reaction mixture was filtered from tarry and inorganic material, 
diluted to 2000 c.c., and the clear orange-red solution rendered acid 
with dilute aeetic acid. As an examination of the precipitated 
produet affcer cry^^ from benzene indicated that two sub¬ 

stances were present, the whole was boiled with sodium hydroxide 
solution until all evolution of ammonia had ceased. After again 
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rendering acid, the precipitated product was purified by repeated 
crystallisation from nitrobenzene, when glistening, orange needles, 
m. p. 220°, were obtained (Found : C, 66*3; H, 5*8, C 2 2H 23 0 G ]Sr 
requires C, 66*5; H, 5*8%). That the ethyl cyanoacetate had 
entered the molecule at positions 1 and 2 (XIII) was proved by 
slowly r unnin g a concentrated alkaline solution of the acid from a 
dropping-funnel on to boiling potassium hydroxide solution (50 c.c. 
of 70%) contained in a distillation flask, fitted with a condenser, 
Pale green crystals (m. p. 66°) separated from the collected steam 
distillate and were identified as p-dimethylaminobenzaldehyde by 
mixed m. p, determinations with an authentic specimen and by the 
formation of the phenylhydrazone. The residue left in the flask 
was carefully examined for the presence of salicylaldehyde, but no 
trace either of this or of salicylic acid could be found. 

The authors desire to thank the Council of the Department of 
Scientific and Industrial Research for a grant in aid to one of them 
(T. A. E.) which has enabled this work to be carried out. 
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CCXCII .—Chemical Reactivity and Conjugation. Part 
II. The Reactivity of the 2-Methyl Group in the 
4-Quinazolone Series. 


By Isidor Morris Heilbron, Francis Noel Kitchen, Edward 
Burdon Parses, and George Donald Sutton. 

It has previously been demonstrated (Heilbron, Barnes, and Morton, 
J., 1923, 123, 2559) that the reactivity of the 2-methyl group in 
2 : 3-dimethylchromone is conditioned by its capacity to pass into 
the activated polarised form (I) and that this effect can be entirely 
suppressed by replacement of hydrogen for methoxyl in position 
7, the substituted 7-methoxy-2 : 3-dimethylchromone (II) being 
entirely unreactive owing to neutralisation of partial valency forces. 
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/C—CH, 


(II.) 


The examination of this phenomenon has now been extended ho 
the 4-qninazolone series, which has been widely ‘ 
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Bogert and his collaborators. That 2 : 3-dimethyl-4-quinazolone 
(V) contains a reactive methyl group has been demonstrated by the 
preparation of 2-styryl-3-methyl-4-quinazolone (Bogert, Beal, and 
Amend, J. Amer. Ghent. Soc., 1910, 32,1654) and we have now been 
able to show that the isomeric 1 :2-dimethyl-4-quinazolone (VI) 
also is capable of yielding styryl derivatives. 

This latter compound was first prepared by Weddige (J. pr. Ghent. ^ 
1887, 36, 152) by direct methylation of anthranilamide followed by 
acetylation and subsequent loss of water from the acetyl methyl 
derivative. On testing this method, it was found that the yield of 
methylanthranilamide produced was poor owing to simultaneous 
formation of anthranilamide dimethyl ether. Other methods were 
therefore sought, starting from methylanthranilic acid itself. As 
distillation of the ammonium salt failed to yield the amide, an 
attempt was made to obtain the 1 :2-di methyl-4-quinazolone 
directly by distillation of the ammonium salt of acetylmethyl- 
anthranilic acid, but although some of the desired substance was 
obtained the yield was again unsatisfactory. 


(in.) 



\y\y c0 

NMe 


of Y?h 3 

MeO^fNHa 


(IV.) 


As these methods failed to give the required amide, attention 
was next directed to an investigation of Niementowski and Rozanski 
( Ber 1889, 22, 1672), who found that isatoic anhydride was readily 
converted into anthranilamide by 0*88 ammonia. The preparation 
of methylisatoic anhydride (III) proved a simple matter, a quantita¬ 
tive yield of this substance being obtained on treatment of methyl¬ 
anthranilic acid successively with ehloroformic ester and acetyl 
chloride (compare Bredt and Hof, Ber., 1900, 33, 27). With con¬ 
centrated ammonia, it passes readily into methylanthranilamide, 
a reaction which incidentally furnishes fresh proof of the correctness 
of the anhydride structure of isatoic acid (compare Erdmann, Ber., 
1899, 32,2159). 

As in the ease of 2 : 3-dimethylchromone, both the 1: 2-dim ethyl- 
4-quinazolone and the isomeric 2 :3-dimethyl compound readily 
condense at room temperature with aromatic aldehydes in presence 
of alcoholic sodium ethoxide to yield 2-styryl derivatives, the more 
drastic conditions of boiling the reactants together as employed by 
B<^ert> Beal, and Amend (be. cit.) being unnecessary. 

In both these compounds we consider that the reactivity of the 
methyl group is conditioned by the tendency of the unsaturated 
nitrogen atoms, as with the carbonyl oxygen atom of 2 : 3-dimethyl- 
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chromone, to acquire a slight negative charge, thus producing an 
activated phase of the molecule which, in its final state, may be 
represented as completed isomeric change into the methylene forms 
(VII and VIII). 


/'Y'^NMe 

VA/.CH, 

(V.) N 


Y^NMe 

/Uc-CH.-'H 

-If-- 


/YN ,Me 
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' +NH (VII.) 


Y\/ C *CH S 
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/\/ \V- 
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NMe (VIII.) 


It will be observed that in the case of VI a conjugated system, 
analogous to that contained in 2 : 3-dimethylchromone, is present 
and it is thus conceivable that, if the activity is conditioned by the 
presence of this system, substitution of methoxyl for hydrogen in the 
7-position might be capable of suppressing the reactivity of the 
2-methyl group owing to neutralisation of valency forces. In order 
experimentally to test this point, 7-methoxy-l : 2-dimethyl-4-quin- 
azolone was prepared from 4-methoxyanthranilic acid (Ullmann and 
Dootson, Ber., 1918, 51, 9) by a series of reactions similar to those 


detailed in the preparation of the unsubstituted 1 :2-dimethyl- 
4-quinazolone. On treatment of this compound with piperonal in 
presence of alcoholic sodium ethoxide a styryl derivative was readily 


formed, thus showing that the reactivity of the 2-methyl group in this 
case is dependent mainly on the activation of the nitrogen atom in 
position 3. 7-Methoxy-2 : 3-dimethyl-4-quinazolone has also been 
prepared and, as was to be anticipated, proved to be a reactive 
substance, the reactivity in this case being conditioned by the 
nitrogen atom in position 1. An examination of the formula 
representing the polarised form of 2 :3-dimethyl-4-quinazolone 
reveals the fact that in the case of 6-methoxy-2 :3-dimethyl- 
4-quinazolone there is a possibility of complete neutralisation of 
valency forces being effected (IX), and if this occurred the nitrogen 
atom in position 1 would be rendered inactive. The preparation 
of this compound and also the isomeric 6-methoxy-l ; 2-dimefchyl- 
4-quinazolone was carried out as described in the experimental 
portion. Under no conditions, however, could 6-methoxy-2 : 
methyl-4-quinazolone be induced to condense with aromatic 
aldehydes, the compound being recovered unchanged even wheh the 
reactants were heated to high temperatures imp 

V. 



2170 


HEILBRON, KITCHEN, BABBLES, AND SUTTON : 


densing agent. On the other hand, 6-methoxy-l: 2-dimethyl- 
4-quinazolone, -which is incapable of forming a closed valency 


MeO 
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(IX.) 


YY^Ij'Me 
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CH, 


/\ 

A/V^-h 

MeO NMe 


(X.) 


circuit, readily yields styryl derivatives when an alcoholic solution 
of the components is treated with sodium ethoxide. 

As regards the degree of activity noted, it appears general that 
the 1 : 2-dimethyl-4-quinazolones are more reactive than the corre¬ 
sponding 2 : 3-dimethyl isomerides. This enhanced effect is probably 

due to the presence of the conjugated system 0=<b—N=C*CH 3 
in the former series, and in agreement with this it is found that a 
certain retardation of activity is noticeable in the case of 7-methoxy- 
1:2-dimethyl-4-quinazolone, thus showing that neutralisation 
effects (X), although not sufficient to prevent reaction, do neverthe¬ 
less come into play. 

An interesting point worthy of record was noted during the 
preparation of 4-methoxyanthranilic acid from o-nitro-p-cresol 
methyl ether. TJllmann and Dootson recommend direct oxidation 
of this compound to the corresponding 2-mtro-4-methoxybenzoic 
acid with subsequent reduction to the anthranilie acid. As this 
method is somewhat laborious, attempts were made first to reduce 
the nitrocresol methyl ether to the amino-compound and then to 
oxidise the acetylamino-derivative to the acid as detailed by Fried- 
lander, Buchner, and Deutsch (Annalen, 1912, 388, 44). o-Amino- 
p-cresol methyl ether was first prepared by Kneeht (. Annal&n , 1882, 
216, 83) by reduction of o-nitro-p-cresol methyl ether with tin and 
hydrochloric acid and described as a colourless solid, m. p. 47°. 
On repeating this experiment, an amine (m. p. 112°) was obtained 
from the steam distillate, which after recrystallisation melted at 
116°, and was apparently identical with the compound, m. p. Ill 0 , 
origpnally obtained by Limpach (Ber. 9 1889, 22, 791; 1891, 24, 
4136). On examination of this substance, we found that it is 
actually a chlorinated amine to which the constitution IV has been 
assigned, the reaction obviously having followed a similar course to 
that occurring during the reduction of ^-nitrophenetole under 
similar Qmsditksm (Hurst and Thorpe, J., 1915,107, 924). 

Experimental. ' 

y 2 :3was prepared in good yield by treat¬ 
ment of acetanthranil with methylamine solution according to 
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Bogert and SeiTs method (J . Amer . Chem* Soc* 9 1907, 29, 529). 
It forms colourless needles (from water) containing 1 mol. of solvent, 
m. p. 72°. The anhydrous compound is obtained by heating in the 
steam-oven and melts at 112°. 

Condensation Products .—In all cases, unless otherwise stated, 
these were prepared by allowing an alcoholic solution of the reactants 
to stand at room temperature in presence of sodium ethoxide as 
condensing agent. The styryl derivative either separates out 
directly from the alcoholic solution or on dilution with water. 

2-Styryl-3-methylA~guinazobne was originally prepared by Bogert, 
Beal, and Amend (loc. cit.) by boiling 2 : 3-dimethyl-4-quinazoIone 
with benzaldehyde. It is also readily produced by the method 
described above and forms pale yellow, silky needles, m. p. 167° 
(Bogert gives 170°). 

4' -Methoxy^styryl-i-methylA-quinazolone forms bright yellow 
needles from alcohol, m. p. 146°, soluble in dilute hydrochloric acid, 
giving an orange-coloured solution (Found : N, 9-5. 0 18 H 16 0 2 N 2 
requires N, 9*6%). 

3': 4:'-Di7MtJMMy~2-styryl-3-methylA-quimzobne separates in yel¬ 
low plates from benzene, m. p. 208° (Found : NT, 8-6. c 18 h 18 o 3 n 2 
requires N, 8-7%). 

3': £-Methjlenedioxy-2-atyryl-3-methyl-4z-quinazolone forms bright 
yellow needles, m. p. 185° (Found: N, 9-0. C 18 H 14 O s N 2 requires 
N, 9-2%). 

4'- Dimethylamino - 2 - styryl - 3 - methyl - 4 - quinazolone crystallises 
from alcohol in orange-red needles, m. p. 175°. The solution in 
dilute hydrochloric acid is dark red (Found : N, 13-8. C 19 H 19 ON 3 
requires N, 13*8%}. 

Methylisatoic anhydride was produced from methylanthranilic acid 
according to the method employed by Bredt and Hof (loo. cit.) for 
the production of isatoic anhydride. The acid was refluxed with 
chloroformio ester (3 mols.) until a clear solution resulted, after 
whioh a slight excess of acetyl chloride was added and the heating 
continued until all evolution of hydrogen chloride had ceased. On 
cooling, methylisatoic anhydride separated in quantitative yield in 
colourless prisms, m. p. 180° (Found : N, 7-9. C 8 H 7 0,N requires 
N, 7-9%). 

The carbethoxy-deTiv&ti've of methylanthranilic acid forms colour¬ 
less crystals, m. p. 108° (Found: N, 6-4. requires N, 6*3%). 

Methylanthranilamide was produced in quantitative yield by 
boiling methylisatoic anhydride with 0*88 ammonia. The thick, 
white precipitate was filtered off and crystallised from alcohol, from 
which the pure amide separated in colourless needles, m. p. 162*. 

1: 2-Dimethyl-4>-quinazalone was obtained in excellent yield by 
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boiling N -methylanthranilami.de with excess of acetic anhydride 
until the volume of the solution had been reduced to about one-half, 
after which it was diluted with water, rendered alkaline, and again 
boiled for about 10 minutes. The crude quinazolone separated 
on cooling and was purified by crystallisation from water, forming 
silky needles containing water of crystallisation. The anhydrous 
compound (m. p. 203°) is obtained by heating in the steam-oven 
(Weddige gives 199°). 

2-Styryl- 1 -methyl-4:-quinazolone crystallises from aqueous alcohol 
in cream-coloured needles, m, p. 245° (Found : N, 10*8. ^16®“13^2 
requires N, 10*7%). 

4'-Methoxy-2-styryl-\-methylA-quinazolone forms bright yellow 
needles from aqueous alcohol, m. p. 94°, containing 2H 2 0. The 
anhydrous compound melts at 156° and dissolves in dilute hydro¬ 
chloric acid with a deep yellow colour (Found : N, 9-6%). 3': 4'- 
Methyhnedioxy-2-styryl-l-methyl-4-quinazolone forms yellow needles, 
m. p. 264° (Found : N, 9*1%). 4 f -Dimethylximino-2-styryl-l-methyl- 
4-quinazolone forms orange needles, m. p. 274°. The solution in 
dilute hydrochloric acid is bright red (Found : N, 13*7%). 

6 - Nitro - 3 - hydroxybenzaldehyde. — m - Hydroxybenzaldehyde was 
nitrated as detailed by Fschorr ( Annalen , 1912, 391, 28). The 
crude nitration product was boiled under reflux with four times its 
weight of benzene for hour, allowed to cool to 50°, and rapidly 
filtered. Employing this temperature instead of the lower tempera¬ 
ture of 45° used by Psehorr rendered the separation much more 
complete. 6-Nitro-3-hydroxybenzaldehyde * separates from boil¬ 
ing water in long, yellow needles, m. p. 166° (yield 34% of theory). 

6-Nilro-3-methoxybenzaldehyde was originally obtained by Psehorr, 
but no details of his method are given. A 95% yield of the ether is 
readily obtained by the following procedure : 6-Nitro-3-hydroxy- 
benzaldehyde (50 g.) was dissolved in the calculated amount of 
potassium hydroxide solution and warmed at 60°, after which methyl 
sulphate (56 c.c.) was added and the mixture well shaken. After 
cooling, the solution was made alkaline; the methyl ether, 
which rapidly separated, crystallised from alcohol in colourless 
needles, m. p. 82°. 

%-Nitro-Z-methoxybenzoic Acid. —The oxidation of the aldehyde 
was carried out by suspending it (20 g.) in 1500 c.c. of warm dilute 
potassium hydroxide solution (1 mol. KOH) and gradually adding 
the calculated amount of a 2% solution of potassium permanganate, 
the whole being mechanically stirred. The alkaline filtrate was 

* The preparation of this Compound in good yield (87%) has been much 
simplified by Mason (this vol., p. 1195), whose paper appeared after the 
completion of the work described in this communication. 
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rendered acid, the solution saturated with salt and ether-extracted. 
After removal of solvent the crude acid was crystallised from 
alcohol, separating in colourless needles, m. p. 97° (yield 87%). 
It is essential to employ the pure aldehyde in this oxidation, other¬ 
wise the yield of acid is largely reduced. This substance was found 
to contain 1 mol. of water of crystallisation, the anhydrous acid 
which is obtained by heating in the steam-oven melting at 133° as 
given by Pschorr. 

5-Methoxyanthranilic acid was prepared by Pschorr (loc. cit .) by 
reduction of the nitro-acid with ferrous sulphate and ammonia. A 
more satisfactory method is to carry out the reduction by means 
of stannous chloride and concentrated hydrochloric acid, when a 
75% yield of the required acid results. 9 

5- Methoxyacetanihranil .—The method employed was similar to 
that described by Bogert ( J . Amer, Ghem. Soc., 1911, 33, 949). 
5-Methoxyanthranilic acid was gradually added to excess of boiling 
acetic anhydride, when a vigorous reaction occurred with precipita¬ 
tion of a yellow solid which dissolved on further heating. On allow¬ 
ing the solution to cool, the anthranil was deposited in quantitative 
yield. It crystallises from benzene in colourless, prismatic needles, 
m. p. 124° (Found: N, 7*5. CioH^OgN requires N, 7*3%). 

6- Methoxy~2~methylA-quinazolone .—On boiling the anthranil for 
1 hour under reflux with a large excess of 0*88 ammonia, it gradually 
dissolved and as the reaction proceeded the quinazolone separated 
out. It forms glistening needles (from aqueous alcohol), m. p. 
270\ (Found ; N, 14*7. C 9 H 10 O 2 N 2 requires N, 14-7%). 

6-Methoxy-2 : S-dimethylA-quinazolone was prepared in an analo¬ 
gous manner by employing alcoholic methylamine solution and was 
also easily obtained by the action of methyl sulphate on an alkaline 
solution of the 2-methylquinazolone. It separates from boiling 
water in colourless needles containing 1 mol. B^O, m, p. 87°. The 
anhydrous compound is readily formed on heating the hydrated 
substance in a steam-oven and melts at 133° (Found: N, 13*9. 
C n H 12 0 2 N 2 requires N, 13*7%). 

Attempts were made to condense this quinazolone with aromatic 
aldehydes by condensation in presence of alcoholic sodium ethoxide 
both in the cold and heat, but in each case unchanged substance was 
recovered. The quinazolone was also heated with piperonal alone 
under precisely similar conditions to those employed by Bogert 
(be. cit), but on extracting the melt practically the whole of it was 
recovered unchanged. This experiment was repeated in presence 
of zinc chloride as condensing agent, but here again unchanged 
quinazolone was obtained. 

5-if ethoxymethylanthranilic acid was prepared according, to 
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Willstatter and Kahn’s method (Ber., 1904, 37, 408) by direct 
methylation of the sodium salt of the acid with methyl sulphate in 
the cold. It separates from benzene after treatment with animal 
charcoal in yellow needles, m. p. 163°. Both the ethereal and the 
aqueous solution exhibit a strong blue fluorescence (Found: 1ST, 
7*7. C 9 H 11 0 3 N requires N, 7*7%). 

§-Methoxymethylisatoic anhydride was prepared as previously 
described. It crystallises from acetone in colourless needles, m. p. 
233° (Found: N, 6*6. e i0 B^O 4 N requires N, 6*8%). On refluxing 
with excess of 0*88 ammonia, it is converted into 5-methoxymethyl- 
anthranilamide, which separates from boiling water in colourless 
needles, m. p. 145° (Found : N, 15*5. C 9 H 12 0 2 N 2 requires N, 15*6%). 

Q-M ethoxy-l : 2-dimethyl-4t-qui7iazolone. —On treatment of the 
amide with acetic anhydride as described in the preparation of the 
unsubstituted 1:2-dimethyb4-quinazolone, it is quantitatively 
converted into 6-methoxy-l : 2-dimethyl-4-quinazolone, which 
crystallises from water in long, colourless needles, m. p. 220° 
(Found: N, 13*8%). 

6-Methoxy-S' : 4' -metkylenedioxy -2- styryl -1- methyl -4- quinazolone. 
—Unlike the inactive isomeric 6-methoxy-2 :3-dimethyl-4-quin- 
azolone, the 1 :2-dimethyl compound reacts readily with aromatic 
aldehydes, the condensation with piperonal being completed in the 
cold after 12 hours. By warming on the water-bath the reaction 
is much accelerated, the condensation product commencing to 
separate after 10 minutes. The crude product was purified by 
recrystallisation from alcohol and formed microscopic, yellow 
needles, m. p. 284° (Found : N, 8*2. C 19 H 16 0 4 lSr 2 requires N, 8*3%). 

4-Methoocymethylanthranilic acid was prepared from 4-methoxy- 
anthranilic acid by direct methylation with methyl sulphate. It 
separates from alcohol in colourless needles, m. p. 165° (Found: 
N, 7*8%). The conversion of this acid into 7 -methoxymethylisatoic 
anhydride follows the directions previously given. The substance 
crystallises from acetone in colourless prisms, m. p. 200° (Found: 
% 6*9%). On treatment with 0*88 ammonia it is quantitatively 
converted into 4:-methoxymethylanthranilamide, which crystallises 
from alcohol in colourless needles, m. p, 138° (Found: N, 15*6%). 

7-Jfeftoccy-l: 2^i7nethylA-qui7iazolo7ie was prepared in an analo- 
gous manner to that of the isomeric 6-methoxy-compound, and after 
treatment with animal charcoal separated from absolute alcohol in 
colourless crystals, m. p. 193°. It crystallises from water with 1 mol. 
BEgO and melts indefinitely at about 135° (Found: N, 12*6. 

HgO requires N, 12*6%). 

l-Methoxy-Z' : 4'- metkylenedioxy-2-styryl -1- methyl -4- quinazolone 
forms yellow needles (from ethyl alcohol), m. p.280° (Found: N, 8*3%). 
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l-MetlioxyA'-dimetliylamino^styrylA^metliylA-qidnazolone is best 
prepared by refluxing an alcoholic solution of the constituents in 
presence of sodium ethoxide and precipitating the styryl derivative 
with water. It separates from alcohol in bright red cubes, m. p. 
266° (Found : N, 12*8. C 2 oH 10 0 2 N 3 requires N, 12*5%). 

4- Methoxyacetanthranil, prepared by boiling 4-methoxy anthranilic 
acid with excess of acetic anhydride, crystallises from water in 
colourless needles, m. p. 128° (Found : N, 7*4%). 

l-Methoxy-2’methyM-quinazolone prepared by the usual method 
crystallises from alcohol in colourless needles, m. p. 272° (Found : 
N, 14*6. C 10 H 10 O 2 N 2 requires N, 14*7%). On treatment with 
methyl sulphate it is immediately converted into 7-methoxy-2 : 3 -di- 
methyl A-quinazolone. This substance is equally readily prepared 
by the direct treatment of 4-methoxyacetanthranil with methyl- 
amine solution, a reaction which definitely fixes its constitution. 
The quinazolone crystallises from water with 1 mol. H 2 0 in colourless 
needles, m. p. 80°. The anhydrous compound melts at 149° 
(Found ; N, 13*7. C 11 H 12 0 2 N 2 requires N, 13*7%). 

l-Methoxy-S' ; 4' -meihylenedioxy-2-styryl - 3 - methyl - 4 *• quinazolone 
separates from alcohol in yellow crystals, m. p. 193° (Found : N, 
8-3%). 

5- Chloro -2- amino -4- methoxytoluene. — o- Nitro -p- cresol methyl 

ether was reduced by warming with tin and concentrated hydro¬ 
chloric acid in the usual manner, the solution diluted with water, 
rendered alkaline, and subjected to steam distillation. The amine 
(m, p. 112°) crystallised from benzene in colourless plates, m. p. 
116° (Found : N, 8*5. C 8 H 10 ONC1 requires N, 8*2%). The acetyl 
derivative melts at 183—184° (Found : N, 6*8. C 10 H 12 O 2 N01 

requires N, 6*6%). 

In conclusion, we desire to thank the Directors of the United Alkali 
Company for a grant to one of us (F.N.K.) which has enabled this 
work to be carried out. 

The University, Liverpool. [Received, July 10 th, 1025.] 


NOTES. 

Preparation of the Phenylcarbamyl Derivatives of NitrophenoU, 
By Oscar L. Brady and Jack Harris. 
Nitrophenols do not react readily with phenylearbimide and the 
following method for the preparation of their phenylcarbamyl 
derivatives is an improvement on those previously described 
(Gumpert, J.pr . Chem» 1885, 32, 278; Michael and Cobb, AnmtUh, 
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1908, 363, 91; Vall4e, Ann. Chun. Phys., 1908, 15, 331; Busche, 
Blume, and Pungs, J. pr. Cliem 1909, 79, 534). 

The nitrophcnol (4-8 g.) is gently boiled with phenylcarbimide 
(5 g.) in toluene under reflux for 3 hours. On cooling, the phenyl- 
carbamyl derivative crystallises; in the case of o-nitrophenol it 
may be necessary to boil off some toluene, as its derivative is con¬ 
siderably more soluble than the others. After being washed with 
cold 2A-sodium hydroxide and crystallised once from chloroform, 
the pure nitrophenyl phenylcarbamates are obtained. . m -Nitro- 
phenyl phenylcarbamate forms bulky, colourless needles, m. p. 129° 
(Pound : N, 11*1. C 13 H 10 O 4 N 2 requires N, 10*9 %).—University 
College, London. [Received, July 21st, 1925,] 

a -Mannitol from Gardenia turgida. By Martin Onslow 
Forster and Keshavlah Aswath Narain Rao. 

On requesting Mr. R. S. Pearson, C.I.E., Forest Economist, Dehra 
Dun, to supply Dekamali resin in quantity sufficient for com¬ 
pleting the investigation of gardenin, it was found that this gum 
from Gardenia lucida was extremely scarce; but we were supplied 
instead with an exudation from G. turgida entirely different in 
appearance and properties from the material examined by Sten- 
house (Annahn, 1856, 98, 316; Stenkouse and Groves, ibid., 1880, 
200, 311). The product from G. turgida has a faintly pleasant 
smell in place of the odour suggesting cat’s urine, and consists of 
loose fragments in which colourless crystals can be recognised 
under the lens. It dissolves almost completely in cold water with 
slight frothing, forming a pale brown, viscous liquid, slow to filter 
and depositing a brown syrup on evaporation. Furfurol is not 
produced on boiling with hydrochloric acid, and the tests for 
nitrogen, aldehydes, and ketones were negative. 

The powdered substance (50 g.) dissolved in water (200 c.c.) 
was shaken with tribasic lead acetate (15 g.) added in small 
quantities, and filtered after 20 hours, when the lead was pre¬ 
cipitated completely by hydrogen sulphide; the concentrated 
filtrate from lead sulphide deposited silky, white needles identified 
as d-mannitol (dimorphous, soft needles or hard prisms; m. p. 
165—166°, unchanged by admixture with mannitol; solubility, 
14*7 parts in 100 H a O at 19°; [a]jD in borax solution, 19*7°; m. p. 
of hexa-acetyl derivative, 120°). The yield corresponds to about 
... 40%. of. the exudation. 

Our thanks are due to Mr. R. S'. Pearson for kindly supplying 
us with this material —Indian Institute of Science, Bangalore, 
S. India. [Beceived* June 2Qth, 1925.] 
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CCXCIIL —The Velocity of Benzylation of certain 
Amines. Part II. 

By David Henry Peacock. 

In a previous paper (J., 1924, 125, 1975), the energies of activation 
for the reaction between benzyl chloride and aniline or ^-toluidine, 
and between p-nitrobenzyl chloride and aniline or p-toluidine were 
calculated from the velocity coefficients at two temperatures; no 
evidence was found that these energies are additive in character 
The results of some further experiments are now described, but before 
their bearing on the nature of the process of activation is discussed 
the effect of substitution and other factors will be dealt with. 

m-Nitrobenzyl chloride always reacted faster than p-mtrobenzyl 
choride with the bases used. Olivier ( Bee . trav. chim ., 1922, 41, 
646) obtained similar results in their hydrolysis. Slator and Twiss 
(J., 1909, 95, 99) found that the order was reversed with sodium 
thiosulphate, where reaction is taking place with the negative thio¬ 
sulphate ion. These results can be explained on the alternate 
polarity hypothesis. With bases such as aniline and dimethylaniline 
nitrobenzyl chlorides react more slowly than does benzyl chloride, 
although it might be expected that the general polar effect of the 
nitro-group would make the chlorine more reactive in nitrobenzyl 
than in benzyl chloride. These results may be explained by assuming 
that before reaction occurs the base and the halogen compound 
combine loosely and the negative substituent in the benzyl chloride 
then weakens the tendency of the nitrogen to form part of a positive 
ion and so reduces the rate of reaction. The results of Other experi¬ 
ments described below show that the introduction of a nitro-group 
into the nucleus of the base considerably reduces the reaction velooity. 

Additional evidence in support of this assumption can be obtained 
from the results of Jones and Preston (J., 1912, 101, 1931) and of 
Thomas (J., 1913, 103, 595), who obtained the following velocity 
coefficients in alcohol at 40° with dimethylaniline : benzyl bromide 
6-34, m-xylyl bromide 8*62, p-xylyl bromide 23-2, p-bromobenzyl 
bromide 6*03. The positively substituted benzyl bromide reacts 
faster, and the negatively substituted benzyl bromide more slowly, 
than the unsubstituted bromide. 

The effect of substitution in the nucleus of the base upon the 
velocity coefficient can be seen from the data given later. m-Nitro- 
aniline reacts faster than p-nitroaniline, and p-toluidine faster than 
m-toluidine; results in accordance with the alternate polarity 
hypothesis. 

The effect of concentration on the velocity coefficients and energi^-- 
von. cxxvn. 4 d 
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of activation is sometimes considerable and, as •will be seen from 
the tabulated results, depends on the character of the base employed. 
Attention is also directed to the difference in the effect of alteration 
in concentration upon the velocity and energy of activation of the 
reaction between benzyl chloride and dimethylaniline. 

Velocity coefficient and concentration . 


Cone, of 
benzyl 

Base. Cone, chloride. ft 36 °X 10 s . & 45 » X 10*. E, calories. 

Aniline... 0-4 0-2 3*62 8-6 16650 

0*8 „ 3*68 9*2 17770 

1*6 „ 4*07 10*55 18460 

1*6 0*4 4*25 11*2 18780 

o-Toluidine ........ 0*8 0*2 5*96 

1*6 „ 7*1 

p-Toluidine ... 0*8 „ 5*96 14*7 17440 

1*6 „ 6*21 15*1 17230 

2 >*Chloroaniline . 0*4 „ 5*15 

0*8 „ 5*08 

Monoethylariiline. 0*8 1*138 

1*6 1*13 

Dimethylaniline ...... 0*8 2*78 6*09 15210 

1*6 2*23 5*06 15890 

Diethylaniline. 0*8 0*400 

1*6 0*303 


Examination of the results obtained showed also an interesting 
connexion between energy of activation and the constitution of 
the substituted benzyl chloride used. When the energies of activa¬ 
tion of m- and ^-nitrobenzyl chlorides with aniline, ^-toluidine, 
o-toluidine, and dimethylaniline are compared, it is seen that, 
although there is apparently no strictly quantitative additive rela¬ 
tion, there is a qualitative relationship, the energy of activation for 
m-nitrobenzyl chloride being less than that for p-nitrobenzyl 
chloride. The alternate polarity theory would lead us to expect 
that the chlorine in m-nitrobenzyl chloride should be more reactive 
than that in p-nitrobenzyl chloride. This conclusion .is seen to be 
confirmed, not only by the velocity data, but also by the activation 
energy data. Applying the Bohr theory of atomic structure, it may 
be said that the displacement of electrons postulated by the alternate 
polaritytheory decreases the amount of energy required to take an 
electron in the chlorine atom to its activated position. 

Energies of Activation in Methyl Alcohol. 


Benzyl m-Nitrobeazyl p-Mtrobenzyl 
/ r ; ' •. : chloride. chloride, chloride 

* * » V** •*#'••••«.*• • ■ 17770 17280 18030 

17440 14480 17100 

o-Totoi<!m6 ..u.—i... ....... 15420 14210 17880 

Dimathylaniliae-... 16210 13120 18060 
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The results described below also throw some light on the process 
of activation. The influence of a nitro-group in the benzyl chloride 
on the velocity of reaction is similar to the influence of a nitro- 
group in the nucleus of the amine. Also there is no evidence 
that, in general, the energy of activation is an additive property 
(Arrhenius, Z. physikal. Chem., 1889, 4, 226). It is now suggested 
that the formation of a loose molecular complex precedes activation 
and the energy of activation measured in the cases cited is the 
energy of activation of such a complex. 

Experimental. 

. The method of estimation was that already described ( loc . cit.). 
The constants were calculated by the modified equation, taking into 
account the base combined with the liberated hydrochloric acid; 
Moore, Somervell, and Berry (J., 1912, 101, 2459) have already 
directed attention to this omission in Menschutkin’s calculations 
and their work should have been mentioned in the previous 
paper. 

Tertiary bases gave much more constant values of the velocity 
coefficient than primary; difficulty was also experienced in getting 
concordant results with p-nitrobenzyl chloride. The bases used were 
crystallised as their hydrochlorides or acetyl compounds in the 
case of primary and secondary bases. The tertiary bases were 
tested for freedom from primary or secondary bases by the usual 
acetic anhydride test. The results are tabulated below. 

Velocity coefficients in methyl alcohol . 

Cone, of base, 0 -8M. Cone, of chloride, 0*2Af. 

Temp. 45°. Temp. 35°. 

m-Nitro- p-Nitro- w-Nitro- p-Nifcro- 

Benzyl benzyl benzyl Benzyl benzyl benzyl 

Base. chloride, chloride, chloride, chloride, chloride, chloride. 

Aniline .. 0-0092 0-00451 0-00365 0*00368 0*00185 0-00144 

p-Toluidine- 0-0147 0-00874 0-00667 0-00596 0-00407 0*00276 

o-Tohiidine ... 0*00596 0-00256 0*00207 0-00269 0-00123 0-000832 

Dimethyianiline 0*00609 0-00132 0-00092 0-00278 0-000671 0-000404 

Velocity ooefficimk at 35° and at 45°. 

(See also a preceding table ). 

Cone, of benzyl chloride, 0*2ilf. 

m-Tolnidine : cone. Q-8 M; h^o 0-00494, 

TW-Nitroaniline : cone. 0-8ikf ; 0*00168. 

^-NitrcMEKDffine : cowtc. 0*4M; & 450 > 0-0002. 

Monomethylaruliae ^ cone. 0*8 M ; k u 0 0*00644; 

Monobenzylaniline : cone. 0-8Jf; k U o 0*00335. 
p-Bromodimfiffahylaniline : cone. 0*8 M; ’ - 

4d 2 
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In conclusion, I wish to thank the British Dyestuffs Corporation, 
Huddersfield, who supplied many of the bases used in this work, 
and Mr. B. K. Menon, who prepared some of the p-mtrobenzyl 
chloride. 

University College, University or Rangoon, 

Burma. [Beceived, April 27 th 1925.] 


CCXCIV .—A New Peroxide of Barium . 

By Margaret Carlton. 

When hydrogen peroxide is added to a well-cooled, aqueous solu¬ 
tion of barium hydroxide, white, crystalline Ba0 2 ,8H 2 0 is formed. 
If, however, excess of hydrogen peroxide be added, the appearance 
of the crystals changes and a granular precipitate is formed which 
rapidly settles after shaking. This becomes buff-coloured on 
standing. If this substance be filtered off and dried in a vacuum 
desiccator over phosphorus pentoxide, the colour slowly darkens 
for a day or two, until a deep buff colour is reached; on further 
standing, the colour fades and a creamy powder remains. This 
seems to suggest the formation and decomposition of an oxide 
higher than Ba0 2 . 

A study of the action of excess of hydrogen peroxide on baryta 
was made by Schone (. Annalen , 1878, 192, 257), and he showed the 
existence of a white, crystalline compound, BaH 2 0 4 , which turned 
yellow on standing. He suggested that this yellow compound might 
be Ba0 3 or Ba0 4 , but he did not investigate the matter further. 
Traube and Schulze (. Ber 1921, 54, 1626) obtained a substance 
which on analysis seemed to be Ba0 2 with not more than 5% 
Ba0 4 . 

On the suggestion of Professor Baker, I have undertaken an 
examination of the action of hydrogen peroxide on barium hydroxide. 

A preliminary analysis of the wet substance obtained by pre¬ 
cipitation with hydrogen peroxide was therefore carried out, by 
means of potassium permanganate and dilute sulphuric acid, to 
determine the oxygen and barium, and this indicated the presence 
of a substance which seemed to be almost entirely Ba0 3 or 
Ba0 4 . 

Fresh samples of the substance were prepared in the following 
way: Pure crystalline barium hydroxide (10 g.) was dissolved in 
200 c.c. of water, and 10 c.c. of 30% hydrogen peroxide were slowly 
added with repeated shaking, the temperature of the solutions 
being about 15°, For the first two preparations the mixture was 
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kept over-night at the ordinary temperature; the following morn¬ 
ing, the precipitate was faintly buff-coloured and was washed by 
decantation with cold water and finally filtered through an alundum 
crucible, washed again with cold water, and finally with alcohol 
and ether, and dried in a vacuum over phosphorus pentoxide. 
Later on, the substance was kept only for 10—20 minutes after 
the addition of the hydrogen peroxide, for the precipitate to settle; 
it was then washed by decantation, filtered off, and washed with 
water only and dried in a vacuum over phosphorus pentoxide. 

Properties .—The substance is a cream-coloured, non-crystalline 
powder, which darkens on standing. 

When it is heated gently in a dried tube, moisture collects on the 
walls; this does not liberate iodine from potassium iodide and 
therefore is not hydrogen peroxide. 

On extracting with ether and testing the extract for hydrogen 
peroxide, no trace was found, showing the absence of free hydrogen 
peroxide and also of hydrogen peroxide of crystallisation. 

The solid substance decolorises neutral potassium permanganate 
more rapidly than barium dioxide, giving a brown colour and 
evolution of oxygen. 

It does not liberate iodine from neutral potassium iodide even 
on standing, but when a few drops of dilute nitric acid are added, 
iodine is rapidly liberated; more iodine separates than from a 
similar amount of barium dioxide. 

With neutral potassium bromide there is no action but on acidi¬ 
fying with a few drops of either nitric or hydrofluoric acid, bromine 
is freely liberated, whereas only a trace of bromine is produced 
from barium dioxide. 

With strong hydrochloric acid, there is a vigorous action and 
chlorine is liberated freely; with barium dioxide only a trace of 
chlorine is produced. 

When it is heated with flowers of sulphur a, very vigorous action 
takes place; a peculiar odour is observed afterwards but no sulphur 
dioxide (compare barium dioxide, where there is a fairly vigorous 
action with formation of sulphur dioxide). 

The foregoing tests show the presence of a very vigorous oxidising 
agent, and attempts to determine the amount of oxygen in the 
compound were made. Analyses had to be carried out before the 
substance was completely dry, owing to its instability. The oxide 
was only dried for about an hour over phosphorus pentoxide, in a 
vacuum; the first sample was then taken for analysis. Two 
analyses were made at the same time, by different methods. The 
first analysis consisted in determining the oxygen and water 
given off when the substance was heated in an atmosphere of 
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nitrogen. The apparatus used is shown in the accompanying 
sketch. 

A weighed amount of the substance (1—2 g.) was introduced into 
a weighed Jena glass bulb, B. This was connected through a ground 
joint to a U-tube, C, containing calcium chloride and to the two 
tubes, D and E, containing freshly-reduced copper gauze. The tubes 
C, D, and E were weighed before and after each experiment. 

Nitrogen, from which traces of oxygen were removed by passage 
over the heated tube, A, of copper, was slowly passed through the 
apparatus and when all the air had been displaced, the tubes, D 
and E, containing the copper gauze, were heated by means of 
electric furnaces to 500—600°. When these were hot, the bulb B 
was heated in a water-bath until the whole of the water in the 
oxide appeared to have been removed. This sometimes took as 
long as 3 hours; the bath was then removed and the bulb gently 
heated nearly to dull redness for a few minutes. The bulb was 
then allowed to cool; when it was cold, the furnaces heating I) 


Fig. 1. 
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and E were switched off and the whole apparatus was left to cool 
with the nitrogen bubbling through. When cold, the nitrogen was 
displaced by a slow current of dry air and the tubes C, D, and E 
and the bulb B were weighed. 

The formula was calculated on the assumption that the residue 
was barium dioxide. This was found not always to be the case; 
barium dioxide decomposes somewhat when heated in a vacuum 
to 450° and, since the partial pressure of oxygen is here very small, 
possibly the same effect is produced and the proportion of oxygen 
calculated in this way may be rather high. 

The weight of water collected in C was subtracted from the 
actual weight of oxide taken, to give the amount of anhydrous 
satkused in each experiment. The values of x in BaO® are given 
in table, 

The second analysis of the substance was performed while the 
analysis described above was being carried out. A second sample 
of the oxide was examined for available oxygen and for barium. 

A weighed amount of the salt, dissolved in dilute nitric acid, 
was titrated with potassium permanganate; the barium was then 
precipitated from the same solution and weighed as barium sulphate* 
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This gave an independent estimate of the barium and oxygen 
present. 

The equation used in calculating the composition of the substance 
is:— 

BaO* + t (* - l)KMn0 4 + {i(x - 1) + 1}H 2 S0* = BaS0 4 + 

—g— K 2 S0 4 + 4(* - l)MnS0 4 + {§(* - 1) + 1}H 2 0 + (as - 1)0 2 . 

From which we get that 137 g. of barium correspond to $(# — 1)16 g. 
of oxygen. And so the value of x can be calculated. 

The results are given in the table. 

Owing to the uncertainty as to the decomposition of the barium 
dioxide, a second method was used in liberating oxygen from the 
compound. Instead of heating the BaO^ in an atmosphere of 
nitrogen, the air was displaced from the apparatus as before and 
the weighed tubes containing the copper were heated, then a slow 
current of carbon dioxide was passed and the oxide heated as before; 
the residue was obtained as barium carbonate, which is quite stable 
at the temperature used. 


Interval between 

Value of 
x from 

Value of 
x from 

Interval between 

Value of 
x from 

Value of 
x from 

preparation and 

dry 

wet 

preparation and 

dry 

wet 

analysis. 

analysis. 

analysis. 

analysis. 

analysis. 

analysis. 

f About 4 hours 

— 

2*91 

/ 2 days 

2*85 

2*87 

4 2 days 

3*7 

2*86 

\4 days 

2*56 


(6 days 

— 

2*4 

307 

3*3* 

f immediately 

— 

2*91 

Washed with water only. 


\1 day 

2*42 

2*89 

/ same day 

2*99 

— 

fl day 

3*04 

2*99 

\1 day 

2*68 

2*87 

\3 days 

2*73 

2*55 

same day 

3*26 

2*98 

/same day 

3*91 

2*9 

/same day 

3*7 

2*96 

\1 day 

3*4 

2*79 

\2 days 

3*14 

2*74 

1 day 

2*9 

2* 79 

3*37 

2*9 

1 day 

2*99 

2*90 

Residue obtained as barium 

carbonate. 

/ 2 days 

3*2 

—, 

fsame day 

2*89 

2*71 

\3 days 

2*8 

2*63 

\1 day 

2*83 

~~ 



same day 
same day 

2*77 

2*96 

3*21 


Results bracketed together are different analyses of the same preparation. 


* The preparation and determination of this sample were kindly carried 
out by Mrs. Muriel Baker. 

Conclusion. 

(1) By the action of an excess of hydrogen peroxide on barium 
hydroxide at temperatures below 20° a new substance is formed. 

(2) This substance is unstable and is a vigorous oxidising agent, 
being much more reactive than barium dioxide, e.gv, liberates 
bromine from potassium bromide and chlorine very freely from 
hydrogen chloride. 
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(3) The results of analysis indicate that it probably has the 
formula BaO a . 

It is proposed to use this substance in an attempt to prepare a 
new peroxide of hydrogen. The work will be done in conjunction 
with Professor Baker and Mrs. Baker, repeating and extending 
experiments which they have already made with potassium 
tetroxide. 

I wish to express my thanks to Professor Baker for his kind 
help and encouragement in this research. 

Imperial College op Science and Technology, 

London, S.W. 7. [Received t July UK 1925.] 


CCXCV .—The Action of Aldehydes on the Grignard 
Reagent Part III . 

By Joseph Marshall. 

Only when an aldehyde in less than one molecular proportion is 
allowed to react with an ethereal solution of a magnesium alkyl 
halide is the expected secondary carbinol the chief product of the 
reaction; if an excess is added, almost the whole of the excess is 
combined in some manner with the magnesium complex and the 
product obtained on decomposition of the mass with water is a 
mixture containing as one of its constituents the primary alcohol 
corresponding to the aldehyde used in the reaction (J., 1914, 105, 
527; 1915, 107, 509). Papers recently published (Meisenheimer, 
Annalen , 1925, 442, 180; Hess, Annalen , 1924, 437, 256; Rhein- 
boldt, J . pr. Ohem 1925, 109, 175) agree with the results of the 
author up to this point, but they differ both as to the mechanism 
by which the alcohol is supposed to be formed in the reaction and 
also as to the nature of the other products. Meisenheimer and Hess, 
whilst not in accord in detail, both suggest that the original co¬ 
ordination compound of magnesium ethyl bromide and benzaldehyde 
is capable of resolution in two directions indicated by the schemes :— 

(1) PhOHEt-OMgBr PhCHO + MgEtBr 

PhCH 2 -OMgBr + C 2 H 4 (2) 

the second of these resolutions taking place to a much smaller extent 
than the first. 

The reduction of the aldehyde is represented by this theory as 
being due to the addition of a hydrogen atom from the alkyl halide, 
and hence the alkylene evolved should be equivalent to the alcohol 
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produced. Meisenheimer points out that he has never observed this 
equivalence, but suggests that some isomerisation takes place. 

When an aryl halide is used in the reaction, the author has shown 
that a primary alcohol is again formed. The scheme representing 
this would appear to be 

PhCHO + MgPhBr PhCH 2 *OMgBr + C 6 H 4 < . (8) 

and this might reasonably be expected to result in the production 
of diphenylene, which, however, has never been observed in this 
reaction. 

This theory does not explain the production of substances in 
the Grignard reaction under discussion other than the secondary 
alcohol, which is the normal product, and the primary alcohol 
corresponding to the aldehyde used in the reaction; the presence 
of any other compounds in the product of the reaction would entail 
a considerable extension of the theory. 

The author ( loc . cit.) showed that along with the primary and 
secondary alcohols obtained in a Grignard reaction the ketone 
corresponding to the secondary alcohol is formed, with condensation 
products of this ketone and the aldehyde used in the reaction* 
Thus, when benzaldehyde in excess reacts with magnesium methyl 
iodide, the products which may be isolated are benzyl alcohol, 
acetophenone, phenyl styryl ketone, and dihenzoylmethane, while 
the phenylmethylcarhinol which, normally, would be the main 
product of the reaction is almost entirely absent. Again, when 
benzaldehyde in excess reacts with magnesium phenyl bromide, 
the only products are benzyl alcohol and benzophenone, whilst with 
magnesium benzyl bromide, benzaldehyde produces, besides benzyl 
alcohol and deoxybenzoin, a large amount of pbenyldibenzoyl- 
methane. 

The suggestion was hazarded in one of the earlier papers that 
the new reaction was analogous to Cannizzaro’s reaction, in which 
one molecule of benzaldehyde oxidises a second molecule of the 
same aldehyde to benzoic acid, being itself reduced to benzyl alcohol. 
If this suggestion be correct, it is evident that when cinnamaldehyde 
is allowed to react with magnesium ethyl iodide as described by 
Meisenheimer, there is the possibility of the formation of styTyl 
ethyl ketone and other condensation products along with cinnamyl 
alcohol and styrylethylcarbinol. 

Since styryl methyl ketone is more easily identified than the ethyl 
compound, the experiment was first carried out with magnesium 
methyl iodide, with the result that whilst styryl methyl ketone was 
isolated as the phenylhydrazone in good yield, the only alcohol 
which could be obtained was cinnamyl alcohol. This was isolated 

4d* 
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as the p-nitrobenzoyl ester (in. p. 76°; compare Meisenheimer, 
loo. cit.) and there was no indication of the presence of styrylmethyl- 
carbiaol either as its ester or as phenylbutadiene, which might have 
been formed as phenylpentadiene is produced when j)~nitrobenzoyl 
chloride acts on styr ylethylc arbinol. The corresponding reaction 
with magnesium ethyl iodide was performed with results similar 
to those obtained with magnesium methyl iodide, but in this case, 
by longer boiling of the reaction product, an attempt was made 
to secure the formation of more complicated products. 

Since it has been shown in earlier papers that alkyl aldehydes 
are capable of reacting in a manner analogous to that in which 
aromatic aldehydes react, it was of interest to determine whether 
the simplest aldehyde, formaldehyde, would react similarly* The 
normal product of this reaction is the primary alcohol (Compt. 
rend., 1902, 134, 107), and it would be expected that excess of 
formaldehyde would oxidise part at any rate of the primary alcohol 
to the aldehyde. Accordingly, the reaction between magnesium 
phenyl bromide and trioxymethylene was investigated, with the 
result that a considerable quantity of benzaldehyde was isolated, 
although the chief product of the reaction was benzyl bromide 
(compare J., 1914, 105, 534). 

Experimental, 

Action of Cinnamaldehyde on Magnesium Methyl Iodide .—An 
ethereal solution of cinnamaldehyde (132 g.; 1 mol.) was added to 
the Grignard solution prepared from magnesium powder (24 g,; 
1 mol.) and methyl iodide (142 g,; 1 mol.), cooled in a freezing mix¬ 
ture. At first a yellow precipitate formed which immediately 
dissolved on shaking, but when about half the aldehyde had been 
added a greyish-white solid began to separate. Three hours 
later, a second molecule of cinnamaldehyde in ether was added 
quickly, whereby the precipitate was changed into a viscous, yellow¬ 
ish-brown material. After 12 hours, the mixture was heated on the 
steam-bath during 10 hours and cooled, and the ether was poured 
into fee and hydrochloric acid, separated, and shaken with sodium 
bisulphite solution, when about 2 g. of the bisulphite compound of 
cinnamaldehyde separated. From the residual ether 2 g. of a dark- 
coloured, sticky material was obtained which was not examined. 

The heavy, yellow mass from which the ether had been poured 
'Wasshaken with ice and hydrochloric acid and a further quantity 
of ether until solution was effected. The ethereal extract was shaken 
several times with concentrated bisulphite solution, and 20 g. of 
cinnamaldehyde bisulphite compound were obtained corresponding 
to about half this weight of aldehyde. The ether was washed with 
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sodium carbonate solution and from this, 4 g. of cinnamic acid 
were isolated. The ether was now evaporated and the residue 
distilled in a vacuum. A fraction (165 g.) was obtained, b. p. 150*- - 
180°/15 mm,, while a second fraction (20 g.) distilled at 220—260°. 
As this did not crystallise, it was not examined; heat was developed 
when it was mixed with phenylhydrazine. The main fraction was 
cooled in a freezing mixture and inoculated with a crystal of styryi 
methyl ketone. The crystals produced could not be isolated owing 
to the rapidity with which fusion occurred. The whole of the 
material was dissolved in alcohol and warmed with phenylhydrazine 
(80 g.) during 2 hours on the water-bath. The yellow crystals which 
had separated after 12 hours melted at 158° after being washed with 
alcohol (yield 100 g.). The mother-liquor was evaporated, and after 
removal of a second crop of crystals, the thick residue was poured 
into water, washed with dilute hydrochloric acid, separated from the 
acid, and steam-distilled. The product in the distillate was extracted 
with ether and, after removal of the ether, was treated with #-nitro- 
benzoyl chloride in pyridine solution. Addition of water precipitated 
an oil which immediately solidified and, after recrystallisation from 
alcohol, the compound melted at 76°. It was compared with and 
found identical with the corresponding ester of cinnamyl alcohol. 

The phenylhydrazone (m. p. 158°) was compared with that 
obtained from styryi methyl ketone and the identity of the two 
compounds was proved. After heating in a vacuum, and subsequent 
distillation, both boiled at 245—250°, and the distillate in each case 
solidified, yielding, after recrystallisation from spirit, white, crystal¬ 
line prisms, m. p. 113°, and giving with a nitrite solution the magenta 
colour which is characteristic of 1: 5-diphenyl-3-methylpyrazoline. 

Action of Cinnamaldehyde on Magnesium Ethyl Iodide .— 
Magnesium (24 g.; 1 mol.) and ethyl iodide (156 g.; 1 mol.) were 
allowed to react in anhydrous ether with cooling, and cinnamaldehyde 
(264 g.; 2 mols.) added as in the experiment with methyl iodide, 
A brownish-yellow mass was again obtained which was heated 
during 20 hours on the steam-bath and then decomposed with ice 
and hydrochloric acid; a bright orange, crystalline material (20 g.) 
not very soluble in ether then separated which melted at 158° after 
recrystallisation from spirit and has not yet been identified. 

After the ether solution had been washed with bisulphite solution, 
the ether was removed and the residue thoroughly steam-distilled, 
Prom the distillate was extracted an oil, of which a quantity was 
allowed to react with half its weight of phenylhydrazine. Evolution 
of heat occurred and after cooling the addition of a little spirit 
induced the crystallisation of the phenylhydrazone, m. p. 102°, 
of styryi ethyl ketone. From a second part of the oil 

4r>* 2 
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p-nitrobenzoate was obtained by the action of p-nitrobenzoyl 
chloride in pyridine solution. 

Action of Trioxymethylene on Magnesium Phenyl Bromide .— 
The Grignard reagent prepared from bromobenzene (157 g.; 1 mol.) 
(after separating from unchanged metal) was boiled with trioxy¬ 
methylene (60 g.; 2 mols.) for 48 hours, a brownish-yellow, viscous 
mass forming. After decomposition of this material with dilute 
acid the ethereal extract was shaken with sodium bisulphite solution, 
20 g. of the bisulphite compound of benzaldehyde were filtered off, 
and the ethereal solution remaining was fractionated, 35 g. of benzyl 
bromide and about 10 g. of diphenyl being obtained. 

The author desires to thank the Directors of Boots Pure Drug Co. 9 
Ltd., for permission to carry out this work in their laboratories and 
for the assistance of the Analytical Department of the firm in the 
analysis of the products obtained. 

Boots Pure Drug Co., Ltd., 

Nottingham. [Received, July 7 th, 1925 .] 

CCXCVI .—Optical Activity and the Polarity of 

Substituent Groups. Part II. Menthyl Esters of 
Substituted Acetic Acids. 

By Harold Gordon Bule and John Smith. 

Polarity as applied to substituent effect has, at the present time, 
at least two distinct meanings in chemistry. On the one hand it is 
used in the phrase, general polar effect , in connexion with a series 
such as 

N0 2 , GET, C0 2 H, Cl, Br, I, OMe, H, Me, 

representing the relative influence of the groups on the acidic strength 
of an aliphatic acid. This sequence has also been traced in the 
effect of the substituents on velocity of reaction and molecular 
inductive capacity (see Rule and Paterson, J., 1924, 125, 2155). 

On the other hand, groups are frequently described as positive 
and negative, either in reference to their directive influence on 
benzene substitution (Vorlander), or by deduction from Lapworth’s 
principle of induced alternate polarities, or from the electronic 
theory. On this last basis, it has been shown (Ride, J,, 1924, 125, 
1121) that the polarity of substituents, as deduced from the views 
of J. J. Thomson, leads to the polar series 

N0 2 , CN, C0 2 H, H, Me, I, Br, Cl, P, 
and that this closely corresponds to the relative influence of the 
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groups on the nitration of benzene, and also on the optical activity 
of the menthyl esters of o-substituted benzoic acids and of certain 
derivatives of amyl alcohol. Hence the suggestion was advanced 
that, in general, positive and negative groups influence the rotation 
of a parent compound in opposite directions, in accordance with 
the polar series above. The optical activity of other series of 
compounds was also quoted in support of this suggestion, but 
very little definite evidence relating to positive groups could be 
obtained. 

In investigations summarised in Oazzetta , 1923, 53, 417, Betti 
has determined the rotatory powers of a large number of products 
prepared by condensing an active base with substituted benzalde- 
hydes, with results which show a remarkably close agreement 
between rotatory powers and the dissociation constants of the 
corresponding benzoic acids. The measurements, however, all 
referred to the one solvent, benzene, and to light of one wave-length. 
Only one positive group (N0 2 ) is included in the list of substituents 
examined by Betti, and it is known that solvents may exert a marked 
preferential effect on the rotation of compounds containing certain 
substituents, as is seen from the abnormally high rotation of menthyl 
o-nitrobenzoate in benzene solution (Cohen and Armes, J., 1905, 87, 
1190). 

In the present communication are recorded the rotatory powers 
of menthyl esters of the acids CH 2 X*C0 2 H, where X = CNT,* C0 2 H, 
OH, OMe, and OEt. Determinations were carried out at temper¬ 
atures between 20° and 95° with the compounds in the homogeneous 
state, where feasible, and for light of four wave-lengths. * 

Discussion of Results* 

In all cases it was found that the observed rotations could be 
expressed within the limits of experimental accuracy by a Drude 
equation of one term. It appears, therefore, that the dispersion is 
in every case normal and simple. The values of the optical constants 
and of the dispersion ratio, <%./«£, obtained for the acetic derivatives 
are summarised in Tables I and H. 

It will be seen that the substituents affect the rotatory power 
in the order CN > OH > OMe > OEt > COaH and that the values 
undergo little change with temperature. The values of A. 0 2 vary 
between 0*0238 and 0*0316 for the homogeneous esters. A number 
of observations were also made with cyanoacetic ester, glycollic ester, 
and the hydrogen malonic ester in benzene and chloroform solution. 
In these cases also the dispersion was apparently simple in character. 

* The rotatory power of menthyl cyanoacetate in benzene solution for the 
D line has been determined by Lapworth (J., 1904, 85, 43). 
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Table I. 


1 -Menthyl Esters of Acids CH 2 X*C0 2 H {Homogeneous State). 

(All rotations are negative in sign.) 

CO a H. OEt. 


Temp. 

59*5° 

90*5° 

20*5° 

37° 

61*3° 

93-7° 

m 

20-72 

20*47 

21*30 

21*39 

21*55 

21*60 ' 

A 0 a 

0-0316 

0*0309 

0*0262 

0*0261 

0-0261 

0*0269 

Ogr /o® 

1-184 

1-184 

1*180 

1*182 

1*181 

1*183 

[AQ» 

158-8° 

157*6° 160*6° 

OMe. 

161*1° 

161-9° 

162*9° 

X. 

- 

-- 

-- 

-^ 

OH. 

CN. 

Temp. 

20-5° 

34-5° 

55*5° 

93*7° 

94*3° 

91*3° 

m 

23-16 

22*95 

22*89 

22*94 

24-34 

25*25 

■x % 

Aq 

0-0273 

0*0278 

0*0286 

0*0274 

0*0312 

0*0238 

%r K 

1*182 

1*181 

1*183 

1*183 

1-184 

1*179 

165-0° 

164*4° 

163*7° 

162-8° 

165° 

174*1° 


Table II. 

In Solution (5% concentration).* 


X. 

(All rotations are negative in sign.) 

OH. 

C0 2 H. 

CN. 

Solvent. 

Benzene. 

Benzene. 

Chloroform. 

Benzene. 

Chloroform. 

Temp. 

18*6° 

17*6° 

12*3° 

19*2° 

21*6° 

[jq 

20*14 

24*27 

26*46 

26*20 

26-34 

V fi 

Aq 

0-0276 

0*0255 

0*0257 

0*0198 

0*0334 

fljnr /flj> 

1*185 

1*185 

1*185 

1*181 

1*187 

iSE 

155*1° 

161*2° 

180*1° 

178*3° 

186*9° 


* For other concentrations, see Experimental section. 


The values of the ratio ctgr/a D for the homogeneous and dissolved 
compounds remain very constant in the neighbourhood of 1*182. 

When the above molecular rotations are compared with rotations 
recorded In the literature for menthyl esters of other mono-sub- 
stituted acetic acids, and arranged in order of increasing values, 
we obtain the following list; 




_ CO a H. OEt. OMe. ■ „ 

H. ^ N Me. ,, -. -a . s , . a,,., N OH. Br. 

-157° 158*8° 157*6° 160*2° 160*6° 162*8° 165*0° 162*9° 165*0° 16S 
* 59*5 90*5 * * 90 * 90 94*3 * 


Cl. C 27. 
171 ° 174 * 1 ° 
* 91*3 


* Boom temperature. 


The relative effect of the substituents on optical activity in this 
case is therefore, 

I. CN > d > Br > OH > OMe > OEt > Me > C0 2 H > H. 

This corresponds closely with the general polar effect of the 
groups, as may he seen by comparison with series II, representing 
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their influence on molecular inductive capacity (see Rule and 
Paterson, loc. tit.), and with series III, representing their influence 
on the acidity of acetic acid. 

II. CN>C02H( ?)>OH>Cl>Br>(OMe,OEt)>CO a H( ?)>Me>H. 
III. CN>C02H>Cl>Br>0Me>0H>H>Me. 

The position of the carboxyl group in series II is somewhat doubtful, 
formic acid having a high inductive capacity and acetic and 
propionic acids low values. 

The analogy between the effect of substitution on optical activity 
and acidic strength which has previously been drawn by Betti 
(be. tit.) is therefore confirmed and amplified. Among the menthyl 
esters of acetic acid there is no indication of positive groups affect¬ 
ing the rotatory power in an opposite sense to negative groups, as 
is the case with the benzoates. 

It may therefore be concluded that the two types of group effect 
previously observed, namely, the general effect visible in inductive 
capacity, acidic strength and chemical reactivity, and the polar 
effect, as deduced from the electronic theory and traceable in 
benzene substitution and electromagnetic rotation, are both to be 
found in optical activity. 

Experimental. 

The menthol used was specially purified material, with a rotation 
of [a]jf —49-50° in 5% ethyl-alcoholic solution. 

The ethoxy- and methoxy-acetic esters were prepared by the 
method described in U.S. Pat. 836914, and D.R.-P. 191547, in which, 
however, no mention iB made of rotatory power. 

1-Menthyl mefhoxyacetate was prepared from the corresponding 
acid chloride, menthol and pyridine, in benzene solution. On being 
fractionated under reduced pressure, it was obtained as a colourless, 
odourless liquid, b. p, 141°/16 mm. After the second fraction¬ 
ation, a repetition of the process produced no change in rotatory 
power. It has not previously been reoorded that J-menthyl methoxy¬ 
acetate is a solid of m. p. 18° (Found: 0, 68-4; H, 10-45. Oalo, 
for C^H^Og, C, 68-4; H, 10-5%). 

1-Menthyl ethoxyacetate, prepared in a similar way, boiled at 
150°/18 mm. It also was odourless (Found: C, 69-4; H, 10-7. 
C 14 H 2e 0 3 requires C, 69-4; H, 10-7%). 

1-Menthyl glycoUate is also described in the same brief manner 
in the patent specification, D.R.-P. 136411. It was prepared by 
heating glycollic acid (3 mols.) with menthol (1 mol.) on a stefuh- 
bath for 14 hours, dry hydrogen chloride being passed through 
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the mixture for 10 minutes in each hour. The cooled mass was 
extracted with ether, washed, and dried. After removal of ether, 
the menthol was distilled under diminished pressure (oil-bath at 
130°). The resulting dark solid was finally recrystallised from light 
petroleum until of constant rotation. The pure ester crystallises 
in long, white needles, m. p. 87*5° (above specification quotes 87°). 
It is moderately soluble in benzene and readily soluble in chloroform 
(Found : C, 67-3; H, 10-3. Calc, for C^H^Og, C, 67-3; H, 10*3%). 

l-Menthyl cyanoacetate was obtained from ethyl cyanoaeetate 
by the method of Lapworth (loc. cit.). 

1-Menthyl Hydrogen Malonate .—Dimenthyl malonate was first 
prepared by a modification of the method of Hilditch (J., 1909, 95, 
1571), using, however, pyridine as condensing agent. 

The pure diester had a rotation of = — 9-36° (4*98% 
chloroform solution; Z = 2). Hall (J., 1923, 123, 109) quotes 
— 9*32°. 

In the preparation of menthyl hydrogen malonate, the diester 
(22 g.), dissolved in 96% alcohol (1 litre), was hydrolysed at 0° by 
gradual addition of the requisite amount of sodium ethoxide in 
alcoholic solution. On recrystallisation from ethyl acetate, it 
was obtained in plates, m. p. 58*5—59° (Found : C, 64*4; H, 9*1. 
requires C, 64*5; H, 9*1%). 

Densities and Rotatory Powers of the Esters in the Homogeneous 

State . 

Rotations generally refer to a 50 mm. tube (* indicates 100 mm.) 
and are all negative in sign. 

Z-Menthyl methoxyacetate. 

Df 1-0136 at 20°; 0-9964 at 40-3°; 0-9807 at 60°; 0-9638 at 80°. 
a. 73-33°* at 20-5°; 72-07°* at 34-5°; 35-31° at 55-5°; 34-13° at 93-7°. 

76-47°* at 20-5°; 75-14°* at 34-5°; 36-82° at 55-5°; 35-65° at 93-7°. 

cL 86-70°* at 20-5°; 85-14°* at 34-5°; 41-78° at 55-5°40-40° at 93-7°. 

0 ^ 144-32°* at 20-5°; 142-02°* at 34-5°; 69-74° at 55-5°; 67-19° at 93-7°. 

Z-Menthyl etkoxyaeetate. 

0-9545 at 20°; 0-9379 at 40-6°; 0-9242 at 58°; 0-9070 at 79-2°. 

a,, 63-31°* at 20-5°; 31-31° at 37°; 30-89° at 61-3°; 30-16° at 93-7°. 

65-96°* at 20-5°; 32-70° at 37°; 32-28° at 61-3°; 31-50° at 93-7°. 

og r 74-68°* at 20-5°; 37-01° at 37°; 36-48° at 61-3°; 35-70° at 93-7°. 

a.; 124-18°* at 20-5°; 61-41° at 37°; 60-57° at 61-3°; 59-31° at 93-7°. 

Z-Menthyl glycollate. 

!>? 0-9469 at 94-3°. 

At 94-3° a* = 36-50°; ay, = 38-09°; Op = 43-23°; art = 72-71°. 

Z-Menthyl cyanoaeetate. 

2>J 0-9406 at 91-3°. 

At 91-3° a,, — 36-71°; op = 38-28°; 0 ^ = 43-28°; art (not determined 
owing to alight yellow colour of liquid). 
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Z-Menthyl hydrogen malonate. 

D% 1*0238 at 59*5°; 1*0008 at 90-5°. 

At 59*5° Ot> = 33-61°; a ye = 35*07°; a gr » 39*89°; a* « 67*01°. 
At 90*5° ctj, = 32*60°; a ye = 33*96°; a* r = 38*59°; a vl « 64*86°. 


Rotatory Powers of the Esters in Solution . 


Ester, Solvent. Temp. 

Glycollate Benzene 17*6° 

Chloroform 12*3 

12*3 

Cvanoacetate Benzene 19*2 

17*0 

Chloroform 21*8 

21*0 

Hydrogen malonate Benzene 18*8 


G. of 


a obs. (l 

1 = 2). 


ester in 





100 c.c. 

a D* 

%e* 

a gx- 

a vi‘ 

5*004 

7*54° 

7*89° 

8*94° 

14*76' 

5*003 

8*42 

8*77 

9*98 

16*49 

16*102 

27*06 

— 

— 

— 

5*002 

8*00 

8*38 

9*45 

15*40 

11*36 

4*51 

(50 mm 

. tube) 


5*004 

8*39 

8*81 

9*96 

16*83 

14*981 

6*21 

(50 mm 

. tube) 


4*914 

6*30 

6*56 

7*47 

12*41 

20*08 

12*88 

(1 dcm. 

tube) 



Specific Rotatory Powers of Esters in Homoge7ieous State. 


Z-Menthyl methoxy acetate. 


t . 


IM»* 

Mye* 

Mgr* 

Mvi. 

20° 

1*0136 

-72*35° 

-75*49° 

-85*56° 

• 142*39° 

40 

0*9970 

72*04 

74*92 

84*93r 

141*95 

60 

0*9805 

71*72 

74*78 

84*89 

141*68 

80 

0*9638 

71*63 

74*83 

84*87 

141*32 

90 

0*9555 

71*47 

74*87 

84*87 

141*14 



Z-Menthyl ethoxyacetate. 


20 

0*9545 

— 66*35 

-69*10 

-78*29 - 

130*20 

40 

0*9383 

66*62 

69*62 

78*76 

130*60 

60 

0*9224 

66*90 

70*05 

79*18 

131*37 

80 

0*9063 

67*19 

70*30 

79*54 

132*05 

90 

0*8983 

67*30 

70*35 

79*69 

132*38 



t. 


My«* Mgr* 

Wrl* 

Z-Menthyl 






hydroxyacetate 

94*3° 0*9469 

-77*09° ■ 

-80*48° -91*26° 

-153*6° 

cyanoacetate 

91*3 0*9406 

78*06 

81*39 92*03 

—— 

hydrogen malonate 

59*5 1*0238 

65*65 

68*51 77*75 

130*9 


» 

90*5 1*0008 

65*14 

67*86 77*11 

129*0 


Specific Rotatory Powers of l-Menthyl Esters in Solution . 


G, of ester 

Solvent, in 100 c.o. Temp. 


Ester, 

Glycollate 

H 

Cyanoacetate 

» 

Hydrogen 

malonate 


Benzene 

Chloroform 

Benzene 

Chloroform- 

Benzene 


5*004 

17*6° 

5*003 

12*3 

5*002 

19*2 

11*365 

17*0 

5*004 

21*8 

14*981 

21*0 

4*914 

18*8 

20*078 

19*0 


Mb* 

[a] yc . 

75*34° 

78*84 c 

84*15 

87*64 

79*97 

83*77 

79*37 


83*83 

88*03 

82*91 


64*10 

66*74 

64*14 



M#*- Mn* 
89*33° 147*5° 
99*74 164*8 
94*46 153*9 

99*52 168*2 

76*00 126*3 
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Molecular Rotations of Esters. 


Mol. rotations. Mol. rotations. 

Sub- „-*- s Sub* ,- 


stituent 


Liq. 

stituent 


Liq. 


group. 

Temp. 

state. Solution. 

group. 

Temp. 

state. 

Solution. 

co 2 h 

18-8° 

— 155*1°* 

OMe 

60° 

163-5° 


59-5 

158-8° 


80 

163-3 



905 

157-6 


90 

162-9 


OEt 

20 

160*6 

OH 

12-3 

— 

180-lf 


40 

161-2 


17-6 

-— 

161-2* 


60 

161-9 


94*3 

165-0 



80 

162*6 

CNT 

19-2 

— 

178-3* 


90 

162-8 


21-8 

— 

186-9| 

OMe 

20 ‘ 

165*0 


91*3 

174*1 


40 

164-2 






Solvent: * benzene, f chloroform. 


In conclusion, the authors desire to thank the Earl of Moray 
Fund for a grant which has covered most of the expenses involved. 

Department op Chemistry, 

University of Edinburgh. [Received, July 4 th, 1925.] 


CCXCVII.— X.-Rays and the Constitution of the Hydro¬ 
carbons from Paraffin Wax . 

By Stephen Harvey Piper, Dennis Brown, and Stanley 

Dyment. 

Since the distance apart of the main cleavage planes of the crystals 
of long-chain compounds has a definite relation to the length of the 
constituent molecules (Muller and Shearer, J., 1923, 123, 2043, 
3153; this vol., pp. 592, 600), -X-ray examination of the spacing 
of such planes of unknown crystals may give important information 
as to the nature of the structural molecules. The nature of the 
hydrocarbons composing paraffin wax is unknown, although it has 
been conjectured, on slender evidence, that they are higher members 
of the norma! methane series. It was hoped that X-ray examin¬ 
ation of the crystals of the individual hydrocarbons would throw 
some light on their constitution. 

Origin of the Hydrocarbons .—The seven solid hydrocarbons, an 
investigation of which forms the subject of this communication, 
were isolated by Prof .Francis and his students from Scotch paraffin 
wax by long-continued fractionation in high vacua (J., 1922, 121, 
1529). These authors believed that 80% of the original material 
was composed of seven hydrocarbons, boiling at constant temper¬ 
ature ; and their opinion that these hydrocarbons were not mixtures 
was strengthened by their later work (he. tit, p. 2804), which showed 
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that, on oxidation of each fraction by air, the small amounts of 
hydrocarbon which escaped this process were identical in every case 
with the original material 

Krafft (Ber., 1907, 40, 4779) isolated eighteen hydrocarbons by 
fractionation of Saxon paraffin wax in the “ vacuum of the cathode 
rays/ 9 and identifying these with those he had synthesised from 
materials of known constitution, drew the conclusion that the 
wax was composed of a large number of the higher normal members 
of the paraffin hydrocarbons. Francis has pointed out, however, that 
five fractionations of such a complex mixture were quite insufficient 
to indicate the presence of constant-boiling substances, that pure 
hydrocarbons could not have been isolated, and hence no satisfac¬ 
tory deduction could be drawn from a comparison between these 
impure substances and synthetic normal hydrocarbons. 

The seven solid hydrocarbons obtained by Francis, and here 
lettered B to H in ascending order of melting points, appeared to 
differ in some respects from normal hydrocarbons, and it seemed 
possible that X-rays might show if they varied in crystalline form. 

The substances were melted on glass strips, and the reflection 
spectra yielded by iron X-rays from a Shearer tube were photo¬ 
graphed on a Muller spectrograph. All the specimens gave good 
photographs, some of which are reproduced in Fig. 1. All showed 
one set of planes with a large spacing, and two or three smaller 
“side spacings.” These side spacings were the same for all the 
substances examined, but the large spacings increased with molecular 
weight and the appearance of the plates suggested that they belonged 
to a series of some kind. For the sake of comparison, synthetic 
triacontane, dotriacontane, and tetratriaoontane were photographed. 
The main spacings measured for these substances are plotted in 
Fig. 2 against the number of carbon atoms they contain, and the 
spacings obtained from the unknown hydrocarbons isolated from 
paraffin wax have been set out on the straight line drawn through 
these points. It will be seen that, with the exception of II, each 
hydrocarbon spacing agrees almost exactly with a whole number of 
carbon atoms, and this number we consider to be the number of 
carbon atoms in the substance. The number of carbon atoms so 
obtained does not, however, in the cases of B, E, F, and G agree 
with the value deduced from the molecular weight determinations 
and published by Francis (J., 1922,121,1531). In Table I, columns 
3 and 4, the two sets of values are compared. We considered that 
our graph showed definitely the presence of the seven different 
hydrocarbons in column 3, and our belief in the method was strength¬ 
ened by a measurement made on a hydrocarbon synthesised by the 
electrolysis of what was believed to be pure stearic acid, and which 
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therefore should have been tetratriacontane. The photograph of 
this hydrocarbon, however, only showed the lines corresponding 
to dotriacontane, and further examination proved that the specimen 
actually was this hydrocarbon. An investigation of the stearic 
acid used in the preparation showed the presence of a quantity 
of p a lmitic acid; consequently the reaction must have taken place 
between the radicals of palmitic and stearic acids rather than of 
stearic acid only. A specimen of a hydrocarbon prepared by the 



Number of carbon atoms. 

X Synthetic hydrocarbons. O Hydrocarbons from paraffin wax. 


same method from carefully purified stearic acid gave the spacing 
expected for tetratriacontane. A redetermination of the molecular 
weights of the hydrocarbons from the paraffin wax was obviously 
desirable, and this was undertaken by Dr. Christie of the Chemical 
Department, to whom our best thanks are due. 

The difficulty of obtaining trustworthy results by the Beck¬ 
mann. ebullioscopic method is well known, in spite of the fact that, 
a d efi ni t e experimental procedure always being adopted, very 
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concordant observations may be made. Using benzene as a solvent, 
Prof. Francis (loc. cit.\ had obtained data agreeing among them¬ 
selves in many eases to 1%. In order to vary the procedure, Dr. 
Christie employed the newer method of Menzies and Wright (J* Amer. 
Chem. Soc 1921, 43, 2314), which is stated by these authors to give 
more accurate results. The constant for benzene, 26*1, given 
by them gave too low a value for the molecular weight of dotria¬ 
contane, which was regarded as a standard; the value 26-67 has 
therefore been used throughout these determinations, which in all 
cases were carried out under precisely similar conditions. 

The mean molecular weight determined for dotriacontane was 
452 in both chloroform and benzene. The calculated value is 450 
and in each solvent individual determinations did not differ by as 
much as 1%. 

Fraction B. The old value 325 was confirmed, four determin¬ 
ations in benzene giving 321 with a maximum variation of just over 
1%. requires M > 324. 

Fraction C. The previous value was 332. Using benzene as a 
solvent, the mean of eight determinations by the new method was 
found to be 336 with an extreme variation of just under 2%. In 
chloroform the mean of seven determinations gave 338 with a 
variation of about 1%. C 2 4 H 60 requires Jf, 338. 

Fraction D. Only a small quantity of this fraction was available. 
The old value was 358, but in benzene M was now found to be 
distinctly higher, viz., 368 with a maximum variation of about 1%. 
This appears to be ( M , 366), 

Fraction E. Old determination 394. The mean of eight observ¬ 
ations in benzene was 369, and of four in chloroform 366, the 
variation being about 1%. This agrees with the molecular weight 
of C 2Q H 64 , in which case E is isomeric with D, although the photo¬ 
graphs are quite different. 

Fraction F. Old value 419* The mean of eight observations in 
benzene was 390, and of nine in chloroform 396. Probably the sub¬ 
stance is C 28 H 58 (M, 394). 

Fraction G. Old value 449 corresponding to 0 32 H 66 . The 
photographs of G and of dotriacontane, reproduced in Fig, 1, 
are quite different. Three measurements in benzene with the new 
apparatus gave M 407. Three more by another investigator gave 
the same mean value. Three in chloroform gave 408, by the other 
observer 410. This hydrocarbon appears to be C 29 H 60 (M, 408). 

Fraction H. Previous value 434. Five determinations of M 
in benzene now gave a mean value of 443, and it is considered 
probable that this hydrocarbon is (M } 436). It oertatojy 

is not dotriacontane (see Fig. 1). 
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These new magnitudes are shown in Table I, column 5. 


Table I. 

n, the number of carbon atoms 
in the molecule. 



Spacing in 



Menzies and 

Substance. 

A. units. 

Authors. 

Beckmann. Wright. 

Synthetic C 30 H 62 

40-4 




ri 0 32 H 6e 

42-7 




ft G34H 70 

45*3 




B 

30-6 

22 

23 

23 

0 

32*86 

24 

24 

24 

D 

34-3 

25 

25 

26 

E 

35*6 

26 

28 

26 

E 

37*75 

28 

30 

28 

G 

39*45 

29 

32 

29 

H (melted) 

42*2 

31*5 

31 

31 

H (pressed) 

42-9 

31 

31 

31 

Synthetic (melted) 

41*6 




„ C S1 H 64 (pressed) 

43* 




* Muller and Saville, this vol., p. 

600. 



In the case of hydrocarbons C, E, F, and G the number of atoms 
deduced from Dr. Christie’s observations agrees with our estimate, 
for D there is agreement with the Beckmann value, whilst B and 
H differ. We give reasons below for considering that our measure 
of the spacing of hydrocarbon H corresponds to a value of n of 31; 
and we believe that the hydrocarbon B is C 22 H 46 , or at any rate 
contains this substance. A difference of one carbon atom in the 
chains of two of these hydrocarbons will separate the third-order 
lines in the photographs by about 0-33 mm. (see Fig. 1, H and 
dotriacontane), and as it is possible to measure a good plate to 
0*01 mm. it is almost impossible to confuse two different sub¬ 
stances. As is mentioned below, an absolutely uniform method of 
mounting the specimens is necessary. 

We consider that the photographs show that the hydrocarbons 
obtained from paraffin wax are identical in constitution with the 
synthetic normal hydrocarbons for the following reasons. 

(1) If the chains differed in nature, the unknown hydrocarbon 
line would not coincide in slope with the line on which the synthetic 
hydrocarbons lie. 

(2} The intensity of the lines falls off uniformly with increasing 
order. There cannot be, therefore, a side chain attached to the 
main chain (Shearer, this vol., p. 597). If the end groups differed, 
then one line would lie above the other, the larger end groups being 
on the upper line. As the spacing measurement gives the minimum 
number of carbon atoms in the substance, the general agreement 
between this number obtained from the photographs and that 
deduced from the molecular-weight determinations makes it certain 
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that there are no more carbon atoms in the substances than are 
accounted for in the chains. 

Whilst these experiments were in progress Muller and Saville 
completed a series of measurements of the spacings of the normal 
paraffin hydrocarbons, and found that the lower members had two 
modifications, A and B (this vol., p. 600). A comparison between our 
values and theirs shows differences much greater than the possible 
experimental error. This discrepancy is due to a difference in 
technique; Muller and Saville pressed crystal flakes on a glass 
plate, whilst we melted our specimens on the glass. Our measure¬ 
ments do not correspond to either the A or B modifications, from 
which we conclude that the lattice has been distorted by the 
melting on glass. We have been able to verify this by a measure¬ 
ment of hentriacontane, most kindly given to us by Dr. Muller. 
This substance when melted gives a spacing that falls on the line 
given by our other synthetic hydrocarbons; it is plotted in Fig. 2. 
The spacing we found for the same substance when its crystals were 
pressed on glass was much higher. An investigation into this 
behaviour is nearly completed and will be discussed in a separate 
communication. It is sufficient to state here that uniform treat¬ 
ment of the substances under investigation gives consistent results. 
Hydrocarbon H, when its crystals are pressed on glass, gives a spacing 
which agrees with that obtained by Muller and Saville (he. cit ) for 
hentriacontane (see Table I). This substance is therefore hentria- 
eontane. It remains to account for the anomalous value given by 
the melted substance. 

Mixed Substances, melted together —A photograph of crude paraffin 
wax is shown in Fig. 1 above that of fraction F. The lines of the 
two substances coincide—a remarkable fact, since fraction F only 
furnishes about 16% of the mixture; in fact it is not the most 
plentiful constituent. Measurement of the lines shows a very slight 
difference between the spacings, but as we have not been able to 
obtain more than three orders from the wax this difference may be 
partly experimental error. In general, however, we find that a 
mixture containing F shows only the F lines, slightly modified, 
provided the mixture is melted on the glass. Other mixtures, when 
melted together, usually yield modified lines of the longer chain* 
but if crystals of the two substances are pressed on the mounting 
the lines of both photograph unaltered. We consider that the 
anomalous spacing given by the melted specimen of hydrocarbon H 
may be ascribed to the presence of some impurity, too small in 
amount to show its lines in the photograph of the pressed substance. 
It will be noticed that the redetermination of the molecular weight 
of tins substance does not give very satisfactory results; a similar 
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explanation will account for this. We believe the other hydrocarbons 
supplied by Prof. Francis to be fairly pure; the lines obtained fall 
very exactly on the normal hydrocarbon curve. Certainly those 
preceding and following F are not contaminated by this hydrocarbon 
to any appreciable extent. In the present state of our knowledge 
of the behaviour of mixed substances when examined by this 
method it is dangerous to generalise, but we believe that a normal 
spacing is at least an indication of a pure substance. 

These experiments were carried out with the aid of a grant 
from the University Colston Research Society. 

The Uniyersitv, Bristol. [Received, July 15th, 1925,1 


CCXCVIII .—Constituents of Myoporum laetum, Forst 
(the 66 Ngaio Part 7. 

By Frederick Henry MoDowael. 

The first section of this paper deals with the aqueous extracts of 
various parts of the <e ngaio 55 tree. Mannitol is present in the 
leaves to the extent of 0*2% (calculated on the weight of green 
leaves used), in the berries, which contain formic acid also, and in 
the wood to the extent of 0*25%. 

The second section deals with the essential oil, 86% of which 
consists of an oxygenated sesquiterpene ketone, for which 

the author proposes the name “ ngaione ” (pronounced “ ny-one ”) 
after the Maori name for the tree. Ngaione is characterised by its 
crystalline p -nitrophenylhydrazone and by its semicarbazone. The 
substance contains only one carbonyl group, and no methoxy- or 
methylenedioxy-group. It is reduced by sodium and alcohol to a 
secondary alcohol, ngaiol , which forms a monoacetate and a mono¬ 
methyl ether. It is concluded that alcoholic hydroxyl groups are 
absent and that the molecule contains two separate oxide rings, 
since the presence of an organic peroxide ring would probably 
render the substance unstable (compare ascaridole, loc. cit.). The 
molecular refraction indicates that ngaione contains two ethylenic 
li nkin gs. Since these remain unattacked by sodium and alcohol, 
they cannot be in the ap-position to the carbonyl group, or con¬ 
jugated with each other. Ngaione is thus probably an open-chain 
diolefinic ketone. 

A solid paraffin hydrocarbon, C 82 H 66 or CyE[ 70 , is also present 
in the essential oil. 

Maiden (J., 1899, 55, 665) isolated a resin from the exudations 
<& Myoporum platycarpum, R. Br. No similar exudations occur on 
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Myoporum laetum , Forst. None of the species of Myoporum has 
been examined for essential oil. 

Only a few substances of a like nature to ngaione have been 
isolated from essential oils. Apart from the well-known cineole, 
these are : Asearidole, C 10 H 16 O 2 (Nelson, J. Amer. Chem. Soc ., 
1911, 33, 1404; Wallach, Annalen , 1912, 392, 59); kessyl alcohol, 
C 14 H 24 0 2 (Bertram and Gildemeister, Arch. Pharm ., 1890, 228, 
483); calameone, C 15 H 26 0 2 (Soden and Rojahn, Chem * Zentr ., 
1901,1,1893; Thoms and Beckstrom, Ber., 1901, 34, 1021; 1902, 
35, 3187); kaempferia ketone, C24H 28 0 4 (Goulding and Roberts, 
J., 1915, 107, 314); daucol, C 16 H 26 O a (Richter, Arch . Pharm., 
1908, 247, 391); and dicitronelloxide, C 20 H 34 O (Spornitz, Ber., 
1904, 47, 478). Carlina oxide, C 13 H 10 O (Semmler and Ascher, 
Ber., 1909, 42, 2355), is an aromatic compound, and elsholtzione, 
Ci 0 H 14 O 2 (Asahina and Murayama, Arch. Pharm., 1914, 252, 435; 
Asano, J. Pharm. Soc. Japan, 1919, 454, 999), a furan derivative. 
Of the terpenic substances, the only one to which a constitution has 
been assigned is asearidole (Wallach, loc. cit.). Many of these 
compounds, like ngaione, have a relatively high density. 

Experimental. 

Non-volatile Aqueous Extract. 

(a) Extraction of Leaves. —The green leaves, after the essential 
oil had been removed by steam distillation, were extracted with 
water, and the filtrate was evaporated in a vacuum at 60°. The 
green residue gave to chloroform, ether, benzene, and light petroleum 
only a small quantity of colouring matter, but a hot alcoholic 
extract deposited, on cooling, white needles of mannitol, [a] D (5% 
solution in presence of borax) +20*7°. After four crystallisations, 
this, alone or mixed with a genuine specimen, melted at 164—165°. 
On acetylation, it gave hexa-acetyl mannitol, m. p. 120°. The 
yield of mannitol was 10 g. from 5 kilo, of green leaves. 

(b) Extraction of Berries. —The aqueous extract of the crushed 
berries was freed from tannin with lead acetate, boiled with animal 
charcoal, and evaporated in a vacuum. The residue yielded man¬ 
nitol on extraction with hot alcohol. 

(c) Extraction of Wood.— The residue from the aqueous extract 
of 1 kilo, of undried sawdust gave, when treated with alcohol, 
2*5 g. of crude mannitol. 

The Essential Oil. 

The leaves and terminal branchlets (80 kilo, at a time) 
distilled with superheated steam, 120 litres of distillate geiiss^i' 
proving sufficient for complete extraction. The aqueous 
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siphoned from the underlying layer of oil, and was then extracted 
twice with light petroleum. The yields ranged from 0-12% to 
0*30%, varying with season and sample. The oil was cooled to 
—20° and the solid that separated (yield 0*01% of the crude oil) 
was recrystallised six times from hot absolute alcohol; m. p. 62— 
63° (Found: C, 85*4; H, 14*9; cryoscopic and ebullioseopic 
in benzene, 470. C 32 H 6e requires C, 85*2; H, 14*8%; M, 450. 

requires C, 85*3; H, 14*7%; M\ 479). The substance is 
therefore a paraffin hydrocarbon of probable formula C 32 H e6 or 
QmH*. The literature records the isolation of several similar 
compounds from essential oils (compare especially rose oil, Bull . 
Soc, chim 1904, 31, 934). 

The crystals were easily soluble in benzene, ether, chloroform, 
etc., slightly soluble in hot alcohol, but practically insoluble in cold 
alcohol. They were unaffected by bromine water or bromine in 
ether and were stable towards permanganate. 

The clear oil, after removal of stearoptene, was of a reddish* 
brown colour and had a sweet malt-like odour; d§£ 1*0203; [a] B 
—26*54°, ri$ 1*4823, saponification value, by direct titration after 
2 hours’ heating with alcoholic potash, 17*9. It was soluble in 
half its volume of 90% alcohol and in 4| volumes of 70% alcohol. 
No seasonal variation was observed in the values of the constants. 
No nitrogen- or sulphur-containing substances were present (Found 
for crude oil: C, 71*5; H, 9*5%). The high density and high 
oxygen content seemed to indicate the presence of phenolic com¬ 
pounds, but treatment with caustic soda gave a yield of only 0*41% 
of phenols, and a methoxyl determination showed the absence of 
methylated phenols. From the low* saponification value it was 
evident that lactones or esters were not present to any appreciable 
extent. The oil yielded no trace of aldehyde or ketone sodium 
bisulphite compound. 

Repeated distillation of 850 g. gave the following fractions ; up 
to 200°, 2 g.; 200—268° (in seven fractions), 22 g.; 160—166°/27 
mm., 6 g.; 166—176°/27 mm., 8 g.; 176—182°/27 mm., 8 g.; 
182—183°/27 mm., 730 g.; 183—189°/27 mm., 20 g.; non-volatile 
residue, 30 g.; loss, 24 g. 

Ngaitme.—The main fraction, b. p, 182—183°/27 mm., con¬ 
stituting 86% of the oil, is the only one so far examined. It was 
divided into three portions by repeated distillation, the refractive 
index of the last drop of liquid issuing from the condenser being 
used as a means of division in the absence of .a boiling-point range. 
The middle portion (600 g.) was a lemon-yellow oil with a faint 
odour, dU 1*0276, [oc]x>—26*20°, 1*4804. The substance is pro¬ 

foundly altered by distillation at ordinary pressures; b. p. 300°, 
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n D of distillate, 1*4900. Duplicate analyses indicated very con¬ 
sistently the formula C 16 H 24 0 3 (see, however, analyses of crystalline 
derivatives and of purified ketone, which agree closely with C 15 H 22 0 3 ) 
(Pound for three separate samples: C, 72*6, 72*3, 72*6; H, 9*3, 
9*3, 9*0; M 9 cryoscopic in benzene and ethylene bromide, 250. 
Ci 6 H 24 0 3 requires C, 72*7; H, 9*2%; if, 264. C 15 H 2O 0 3 requires 
C, 71*9; H, 8*9%; -¥,250). 

The -p-nitrophenylhydrazone was prepared by heating a filtered 
solution of 1 g. of jt?-nitrophenylhydrazine in 7 g. of alcohol and 
7 g. of glacial acetic acid with 1*8 g. of the substance for 1 hour 
on the water-bath. After 24 hours, the emulsion produced on 
addition of water was extracted with ether. The extract was 
washed with dilute sulphuric acid and with sodium carbonate 
solution, dried, and the solvent evaporated over sulphuric acid. 
The residue of large, bright yellow tablets was washed with cold 
alcohol and recrystallised from warm alcohol; m. p. 103° (Found : 
C, 65*5, 65*4; H, 7*4, 7*1. C 21 H 27 0 4 N 3 requires C, 65*4; H, 7*1. 
C 22 H 29 0 4 N 3 requires C, 66*1; H, 7*3%). 

The ketone (6 g.) and thiosemicarbazide (2*2 g.) were heated 
together in 30 c.c. of 63% alcohol on the water-bath for 12 hours; 
the alcohol was then evaporated, and the residue extracted with 
ether. Prom the extract a thick, reddish-brown oil, which could 
not be crystallised, was obtained (Pound: S, 6*6. Ngaione thio- 
semicarbazone , C^H^O^S, requires S, 9*9%). The substance 
was treated in alcoholic solution with silver nitrate (2 equivs, 
were necessary for complete precipitation), and the yellow silver 
salt was filtered, washed with alcohol and ether, and dried (Pound: 
Ag, 32*7. CieH^O^SAg requires Ag, 25*0%. The double salt 
with silver nitrate requires Ag, 35*9%). The solid was therefore 
probably an impure double salt. Ngaione thiosemicarbazone was 
recovered from the silver salt as a thick syrup which could not be 
crystallised. 

The silver compound (6*5 g.) was steam-distilled with excess of 
phthalic anhydride; the oil extracted from the distillate with 
light petroleum (yield 1*8 g.) had b. p. 185°/29 mm. (188° corr,), 
<*1*0273, nf 1*4794, [i?J D 69-10. requires [Ufa 

69*43 (Pound: 0, 71*9; H, 8*9. C 16 H 22 0 3 requires 0, 71*9; H, 
6*9%). This analysis and that of the -nitrophenylhydrazone 
definitely establish the formula of ngaione as C 15 H 22 0 3 . 

Ngaione slowly reduced ammoniaeal silver nitrate and Pehling’s 
solution, more rapidly in presence of alcohol. It did not affect 
Schiff’s reagent. In alcoholic solution it gave a bright green 
fluorescence with wi-phenylenediamine hydrochloride, the colour 
being much more pronounced than that due to alcohol alone, ilt 
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did not, however, give a solid bisulphite compound under all con¬ 
ditions tried (compare kaempferia ketone, loo . cit.). 

In an oximation experiment 63% of ngaione was converted in 
| hour and 76% in 2\ hours (Bennet, Analyst , 1909, 14). An 
alcoholic solution of ngaione (1 mol.) was heated with hydroxyl- 
amine hydrochloride (1J mols.) and sodium hydroxide (1J mols.) 
on the water-bath for 6 hours. After removal of alcohol in a vacuum 
water was added,, and the heavy oil extracted with ether. By 
distillation under reduced pressure the oxime was isolated as a 
lemon-yellow, viscous oil which could not be crystallised; b. p. 
201°/27 mm., 1*0640, [a] D (in 10% solution in chloroform) 
—13*51°, nf 1*5008, [Bz]v 73*37. Ngaione oxime , C^H^C^N,)^, 
requires \R£\o 73*74 (Found: G, 67*6; H, 8*6; N, 5*5. C^H^OgN 
requires C, 67*9; H, 8*7; N, 5*3%). The carbanilide of the oxime 
is a syrup. 

The semicarbazone was prepared in aqueous alcoholic solution. 
After the mixture had been allowed to stand for a fortnight, water 
was added, and the precipitated solid dried on porous tile. No 
suitable crystallising medium could be found, the substance being 
extremely soluble in all solvents. Purified by reprecipitation 
several times from alcohol by the addition of water, it melted at 
120—122° (decomp.) (Found: C, 62*9; H, 8*5. C 16 H2 5 0 3 N 3 
requires C, 62*5; H, 8*2%). 

The phenylhydrazone and ^-bromophenylhydrazone are liquid. 
The substance would not form a semioxamazone even in the un¬ 
diluted state at 170°; and under the conditions laid down by 
Doebner (Ber., 1894, 27, 852) as applicable to all aldehydes, it 
failed to yield a (B-naphthacinchoninic acid. It also did not combine 
with freshly distilled pyruvic acid in presence of caustic soda 
(Lubrzynska and MacLean,. Ghem. Zentr., 1914, 561), neither did 
it give a cyanoacetic acid compound. The failure to react with these 
aldehyde reagents, the slow nature of its combination with hydroxyl- 
amine, thiosemicarbazide, etc., the inertness towards sodium 
bisulphite and semioxamazide, all lead to the conclusion that the 
substance is a ketone. This conclusion is supported by the fact 
that an acid of the same number of carbon atoms cannot be obtained, 
either by the use of oxidising agents or through dehydration of the 
oxime and subsequent hydrolysis. The reducing action towards 
Feh ling ’s solution and silver nitrate is very sluggish, and, more¬ 
over, it does not appear to be due to the presence of the carbonyl 
group alone, since the purified alcohol (see below) also is slowly 
oxidised. 

With boiling acetic anhydride ngaione is partially converted into 
the enolic acetate (saponification value 73. C 15 H 21 O 2 *O*C0*CH 3 
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requires 192). Ngaione decolorised bromine water very slowly; 
bromine in ether was rapidly absorbed, but the product was 
tarry. 

Ngaiol .—With sodium (8 times the theoretical quantity) and 
absolute alcohol, ngaione formed an alcohol, ngaiol (yield 86%), 
which was purified through the acid phthalate, the usual propor¬ 
tions of benzene and phthalic anhydride being heated with the oil 
on a water-bath for 120 hours. The slowness of the reaction 
indicates the presence of a secondary alcohol, confirming the con¬ 
clusion that the original substance is a ketone (combination takes 
place more rapidly without solvent at 130—140°, but is accompanied 
by a certain amount of racemisation). Ngaiol was thus obtained 
as a lemon-yellow oil with a faint sweet odour, b. p. 191—192°/29 
mm. (195—196° corr.), 1-0163, [«] D -25-00°, nf 1*4784, [B£b>. 
70-28. requires 70-94 (Found: C, 71*3; H, 9-8; 

M, cryoscopic in benzene, 260. 0 15 H 24 0 8 requires C, 71*4; H, 
9*6%; M } 252). These figures further check the formula suggested 
for the ketone. No trace of a pinacol was observed. 

Treatment with the calculated quantity of chromic oxide in 
glacial acetic acid, instead of regenerating the ketone, completely 
disrupts a small proportion of the ngaiol, leaving the remainder 
intact. 

All attempts to obtain a crystalline derivative of ngaiol have 
been unsuccessful (compare farnesol, which gives no crystalline 
derivatives). The acid phthalate and its jp-nitrobenzyl ester (Reid, 
J. Amer. Chem. JSoc., 1917, 34, 1249) are viscous syrups, and the 
phenyl- and a-naphthyl-urethanes are non-crystalline. The methyl 
xanthate (Tschugaev, Ber., 1899, 32, 213, 3332, etc.), purified from 
volatile products by steam distillation, is a mobile, light-yellow 
liquid (Found : S, 19-2. C 17 H 26 0 3 S 2 requires S, 18-7%). 

Ngaiol acetate , which is easily prepared in the usual way with acetic 
anhydride and sodium acetate, is a yellow oil, b. p. 190—192°/29 
mm., dg 1 ; 0337, <* 1-4720, [JRjJ, 79-60. C^H^O-CO-CH^f, 
requires 80*31. Saponification value, 192. Theory for mono¬ 
acetate, 185. The acetate decomposes slightly on distillation and 
for this reason always contains a small amount of free acetic acid. 
Heating with acetic anhydride in a sealed tube at 170—180° for 
8 hours caused much resinification, but a small amount of oil was 
isolated, the saponification value of which was 204. Analysis 
showed that no water had been removed. By saponification with 
alcoholic potash and distillation in steam, ngaiol can be recovered 
from the acetate with unchanged physical constants. 

The" remaining two oxygen atoms are not attacked'by- aeefii 
anhydride in presence of a drop of sulphuric acid at 0°. In 
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as far as possible to avoid any hydrolysis of a sensitive ester group 
the product was isolated by distillation, after removal of sulphuric 
acid with calcium carbonate and decomposition of the excess of 
acetic anhydride by digestion with absolute alcohol. The saponific¬ 
ation value of the product was 186. 

Ngaiol benzoate cannot be prepared by the Schotten-Baumann 
method. By the pyridine method it is obtained as an oil which 
decomposes on distillation (compare daucol. Zoo. cit.). A quantit¬ 
ative experiment with benzoic anhydride according to Gascard 
(J. Pharm. Chim., 1906, 24, 97) showed that only one hydroxyl 
group was esterified. Ngaiol does not form a p-nitrobenzoate 
either by the Schotten-Baumann or the pyridine method. 

Ngaiol monomethyl ether is a light yellow, almost inodorous oil. 
Three grams of potassium (2 mols.) were dissolved in 8 g. of pure 
tertiary amyl alcohol and 50 c.c. of dry toluene, and 10 g. of ngaiol 
were added to the hot solution. The mixture was cooled in running 
water while being gradually treated during 2 hours with excess 
(12 g.) of methyl iodide. After 12 hours, the mixture was warmed 
on the water-bath till neutral (| hour), treated with water, and 
the toluene layer dried and distilled: b. p. 178—179°/29 mm. 
(182° corr.), «©. 0*9913, [«]* -16*82°, nf 14701, [B L ]» 74*89. 
Calculated for l^, 75*68 (Bound: OMe, 11*1. C 15 H 23 0 2 *0Me 

requires OMe, 11*6%}. In the Zeisel determination ngaiol is con¬ 
verted into a resinous substance which dissolves completely in organic 
solvents. No deposit of carbon was formed, showing that a methyl- 
enedioxy-group is not present in the molecule. 

Ngaiol methyl ether (3*30 g.) in dry boiling toluene dissolved one 
atom, of potassium in 6 hours and a second atom, in another 20 
hours. The solution of potassium salt reacted slowly with methyl 
iodide in the cold. After 12 hours, the mixture was heated on 
the water-bath till neutral, and worked up in the usual way (Found 
for distilled product: OMe, 11*8%). It is noteworthy that cal- 
ameone (loc. cit.) is regenerated unchanged when methyl iodide is 
allowed to act on its sodium salt. 

The above experiments show that ngaiol contains probably only 
one hydroxyl group, and therefore that ngaione and ngaiol contain, 
two internal ether groupings. 

The work is being continued. 

Part of this research was carried out at Otago University, 
Dunedin, New Zealand, while the author was holder of the John 
Edmond Research Fellowship. The still used in the extraction of the 
oil was obtained by aid of a grant from the New Zealand Institute. 
The author desires to express his thanks to the New Zealand 
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Institute and to the Chemical Society for research grants, and to 
Professor Inglis, Professor Collie, and Dr. Brady for their interest 
in the work. 

Thu Ralph Forster Laboratories of Organic Chemistry, * 

University College, London. [Beceivad, June l\th> 1925.] 


CGXCIX .—An X-j Ray Examination of Maleic and 
Fumaric Acids . 

By Kathleen Yardley. 

The following investigation was undertaken primarily to determine 
whether the planosymmetry and centrosymmetry usually ascribed 
to maleic and fumaric acids respectively have any actual existence 
in the crystalline state. Maleic acid crystallises in the monoclinic 
system, and fumaric acid (as will be shown later) in the triclinic. 

The crystallographic data for maleic acid (M = 116) are given 
by Groth (“ Chemische KrystaHographie,” Part III, p. 286) as 
follows: Density p == 1*590 g./c.c.; m. p. 130°; monoclinic 
prismatic, a ; b : c = 0-7386 :1: 0-7015, p = 117°7'. 

A preliminary investigation showed that the full (010) spacing 
was 10*11 A.U. and substitution in the usual formula, oho sin p . p = 
1-65 nM , gives n = 3-96 (4 mols./unit cell). 

The spacings calculated on the basis n = 4 compare with the 
observed* values as follows : 



Spac- 

Spac¬ 

Relative 


Spac¬ 

Spac* 

Relative 

Plan© 

ings 

ings 

intensity of 

Plane 

ings 

ings 

intensity of 

Qhhl), 

calc. 

obs. 

reflection. 

(hkl). 

calc. 

obs. 

reflection. 

*100 

6*67 

3*31 

Large. 

310 

2*17 

2*16 

Very small. 

*010 

10* 14 

5-05* 

Very large. 

210 

3-18 

3*17 

Small. 

*001 

6*33 

3*16 

Very large 

320 

2*03 

2*03 

Moderate. 




indeed. 

110 

5*57 

5*56 

Large Ilnd 

041 

2*35 

2*35 

Mod. large. 




order only. 

021 

3*96 

3*92 

Moderate. 

230 

2*37 

2*36 

Very large/ 

023 

1*95 

1*92 

Very small. 

120 

4*04 

4*04 

Mod. small. 

301 

1*85 

1*85 

Mod. small. 

130 

3*02 

3*01 

Mod. large. 

30l 

2*51 

2-48 

Mod. large. 

140 

2*37 

2*35 

Small. 

*201 

3*74 

1*85 

Moderate, 

160 

1*63 

1*63 

Small. 

*303 

"2*41 

1*19 

Very small. 

180 

1*24 

1-25 

Small. 

101 

3*81 

3*76 

Moderate Und 

US 

2*28 

2-27 

Small. 




order only. 

111 

3*57 

3*57 

Moderate. 

101 

6*22 

6*22 

Mod. large Ilnd 

111 

5*30 

5-30 

Mod, large. 




order only. 

221 

2*96 

3*02 

Small, 

*103 

3*56 

1*77 

Small. 

121 

3*93 

3-93 

Mod. large. 

410 

1*64 

1*64 

Small. 

131 

2*97 

2*95 

Small. 


The crystals show a perfect cleavage parallel to the (001) plane, 
and twin on (100) so frequently that a single crystal could not ah 
first be obtained and the spectrometer measurements were 
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on a twin. This gave rather complicated results, but it was generally 
possible to detect which additional reflections were the result of 
the twinning. For example, since the crystal is monoclinic and 
twins on (100), the {hkO\ zone is entirely unaffected and the reflections 
found are perfectly normal. The {KOI} zone, however, shows 
doubling of its planes throughout. Fig. 1 represents the lattice 
of the twin (showing four unit cells) projected on the (010) plane. 

The reflections from the (101), (001), (102), (101), (20T), etc., 
planes of one individual (A) of the twin are apparently doubled owing 
to reflections from planes (20T), (101), (102), (001), (101), etc., 
belonging to the other individual (B). The (100) plane shows, of 
course, a single reflection, since it is common to both individuals; 
the angular separation is greatest between the (102)A plane and the 
(102)B plane. Measurement of the angle (001)A: (001)B gave for 
the monoclinic angle, p = 117°10'. 

Fig. 1. Fig. 2. 



The reflections from planes of the {Okl }A zone may be confused 
with those from planes of the {hkli )B zone, since the two zone axes 
are nearly parallel, and if one is vertical the other will be approxi¬ 
mately vertical also. To eliminate all possibility of confusion 
of this kind, the measurements were repeated on a single cry %1, 
grown from acetone after many attempts; several other planes 
also were measured. It was found, moreover, that, besides the 
perfect cleavage parallel to (001), there was an imperfect cleavage 
parallel to (010), and also that the crystals could be bent and twisted 
in certain directions without fracture. This interesting fact was 
verified both on single and on twinned crystals and will be described 
more fully in a separate paper. 

The table of results shows that certain planes (marked *) have 
an observed spacing of only one-half of the calculated value. In 
other words, all odd-order reflections were absent from these planes. 
Apart from the (010) plane, all the marked planes have indices 
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\hOl}, where (h + l) is odd. Since full spacings were found for the 
(301) (301) planes, the (101) (101) cannot really be halved, although 
only second-order reflections were found from these planes* The 
second-order reflection from the (010) plane was very strong, and 
moreover the planes for which h is odd gave much weaker reflections 
than those for which Jc is even. Thus the reflections from (011) 
and (031) could not be found, but those from (021) and (041) were 
quite strong; also the (160) and (180) reflections were easily 
measurable, whereas the (150) and (170) were not. The crystals 
therefore belong to the space-group CW\ for which the (010) plane is 
halved and also all planes {hOl} for which (h + l) is odd (Astbury 
and Yardley, Phil. Trans., 1924, A , 224,221). Rotation photographs, 
kindly taken by Dr. Muller, verified the spectrometer readings 
and the above conclusions. A diagrammatic representation of the 
space-group is shown in Fig. 2, in which the unit cell is projected 
on the glide-plane of symmetry, (010), and the positions of the 
centres of symmetry are marked by crosses. 

Since there are four molecules in the unit cell, the maleic acid 
molecule must be asymmetric. The planosymmetry usually 
ascribed to maleic acid from chemical considerations has therefore 
no existence in the crystalline state. (It is, of course, possible that 
in solution the molecules do possess a plane of symmetry which is 
destroyed by slight distortion in the process of crystallisation). 
The absence of a plane of symmetry is perhaps surprising, as maleic 
acid on oxidation forms the internally compensated w? esc tartaric 
acid. It is, however, significant that, although maleic and succinic 
anhydrides are supposed to be isomorphous, the acids themselves 
are certainly not. Succinic acid belongs to the space-group Cah 2 
with two molecules per unit cell, and the molecule does, presumably, 
possess a plane of symmetry (Yardley, Proc. Roy, Soc *, 1924, A, 
105, 451), but its crystals are quite unlike those of maleio acid 
except in that they belong to the same class. The co-ordinates of 
eq^italent points of the four molecules of maleic acid in the unit 
cell, relative to the crystallographic axes, are (000), (4^1), 

{u + 4, v + 4> w + 4). Exact consideration of the relative inten¬ 
sities of reflection from different planes is not likely to be very help¬ 
ful in deciding the values of the variable parameters, u, v, tv, as the 
positions of the atoms in the molecule are not known. There are, 
however, some general indications of their value. For instance, 
since very large second-order but no first-order reflections were 
found for the (101) (101) planes, it seems probable that u and w are 
approximately equal to 4 and 0 or 0 and 4- Also the exceptionally 
•large reflection from the (001) planes, parallel to which is an excellent 
cleavage, indicates that most of the atoms lie in these planes and 
vol. cxxvn. 4 b 
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to assume that the double bond lies along the a axis and the two 
OC-OH groups lie wholly in the (001) plane, linking between 
the (001) planes being effected by means of the ketonic oxygen 
atoms only. Since it is not probable that two ketonic oxygen atoms 
will attract each other with any great force (indeed, repulsion is more 
likely), the cleavage parallel to the (001) planes is readily explained. 
This is illustrated diagrammatically in Figs. 3 and 4. 

In Fig. 3 is shown the projection of the unit cell on the (010) plane 
of symmetry. The measurements show that the molecule at the 
point ( v , J) is the reflection of that at the origin. The only satis¬ 
factory way of placing the remaining two molecules is for the 
molecule which is obtained by rotation of that at the origin to lie at 


Fig. 5. 



or very near the point (|, 0) and for the molecule which is centro- 

symmetric with respect to that at the origin to lie at the point 
(0, v + J). The ketonic oxygen atoms lie approximately parallel 

to the c axis when projected on to the (010) plane. In Fig. 4, the 
projection is on a plane normal to the a axis. Here both cleavages 
are clearly seen, and it will also be noticed that the hydrogen of the 
carboxyl group of one molecule links on to the unsaturated carbon 
of the next. The exact positions of the hydrogen atoms cannot, 
of course, be fixed, since their scattering power is too small seriously 
to affect the X-ray reflections. In Fig. 5, which shows just the 
atoms lying in the (001) plane and those directly connected to them, 
the asymmetry of the molecule is at once apparent, and a comparison 
of the various diagrams shows that such asymmetry is necessary 
to build up the monoclinic structure. It is essential that such a 
structure should explain the almost invariable twinning on the 
(100) plane. Multiple twinning never appeared at all; in fact, 
examination of the crystals at various stages of their growth tended 

■ 4 E 2 
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to prove that a crystal began to grow at the twin plane and then 
built itself up to equal amounts on either side of this. The material 
crystallised at first in long, fine needles, which afterwards increased 
in thickness. However fine these needles might be, they were 
always perfect twins, and the smaller the crystal the more nearly 
exactly was it bisected parallel to its length by the twin plane. 
If these needles were broken across, a remarkably good re-entrant 
cleavage was observed, parallel to the (001) plane in each individual 
of the twin. In the case of a cluster of needle-like twins growing 
out from a complex nucleus, the apex of the re-entrant angle cleavage 
always pointed towards the nucleus, showing that the crystal growth 


Fig. 6. 


i 

i 

i 



had followed certain clearly defined lines in the case of each needle. 
When crystallisation had taken place fairly rapidly, none of the 
crystals were single, although by slowing down the rate of evapora¬ 
tion it was sometimes possible to obtain large crystals which had 
grown unevenly on either side of the twin plane. From these one 
or two single individuals could be detached. Now if we assume that 
the crystals start growing as single individuals and then suddenly 
change direction and form twins, it is not easy to explain either the 


fl^p^ce of multiple twinning or the presence of twinning in the 
very smallest crystals. These facts are readily explained on the 
hypothesis that growth begins at the twin plane. In that case, 
since the twin plane is a plane of reflection, molecules lying in 
it would necessarily possess a plane of symmetry, and would 
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therefore be slightly different from those in the main body of 
the crystal. This is not improbable, as a little consideration will 
show. The molecules in the suggested structure are distorted but 
very little out of their symmetrical form; in solution, these mole¬ 
cules probably do possess a plane of symmetry (or other two-fold 
symmetry), since there is no reason from a chemical point of view 
why one-half of the molecule should differ from the other. When, 
therefore, crystallisation first begins, it is probable that the molecules 
will form themselves into a sheet, retaining their original symmetry. 
On either side of this sheet the crystal would build itself up as shown 
in Fig. 6. 

The molecules on either side of the central twin plane would be 
pulled out by the next succeeding layer and thus would become 
asymmetric, but the molecules lying in the twin plane, being pulled 

Fig. 7. 





equally on either side, would not lose their plane of symmetry. 
The re-entrant cleavage is also easily explained. It is to be 
expected that at the twin plane the structure would be somewhat 
strained; in fact, the two individuals can be separated at the twin 
plane, though there is no cleavage parallel to the (100) plane in any 
other part of the crystal. An asymmetric molecule and its reflect 
tion are non-superposable and so, unless it is assumed that the 
asymmetry is merely distortion produced during the process of 
crystallisation, it is impossible to avoid the conclusion that the 
original solution contained two enantiomorphous kinds of mole¬ 
cules. This is most unlikely. 

In Fig. 7, (b) represents the undistorted molecule with its plane 
of symmetry, as it would occur at the twin plane; (a) and (c) show 
the molecule distorted in opposite directions, thus accounting for 
the asymmetric enantiomorphous forms. The approximate atomic 
diameters in this structure are : C = 1*54 A.U., 01 « 1*16, OH ** 
2*5, H =31*15. It is not possible to tell whether the atomic diamei&ar 


2214 


YARDLEY : AN X-RAY EXAMINATION OF 


of the unsaturated carbon atom differs from that of the saturated, 
especially as in the suggested structure both carbon atoms are, in 
effect, saturated. 

The measurement of crystals of fumaric acid was much more 
difficult than that of maleic acid. No previous crystallographic 
data were available, as the crystals grown are utterly unsuited to 
the usual goniometric examination. They are small and copiously 
twinned in many directions, and most crystals show either no clear 
face at all or only one. Nearly all of the fumaric derivatives that 
have been measured belong to the triclinic system, and it seemed 
probable that that would prove to be the case for the acid also. 
Fortunately, by slow evaporation of an aqueous solution, one 
crystal was obtained that seemed to be twinned in one direction 
only. Measurements were made on this crystal, the Bragg ionisation 
spectrometer being used (as before) together with a Coolidge tube 
of rhodium anticathode. The main planes were first localised by 
obtaining the “ mirror ” reflection of “ white ” X-radiation, and 
the position of the actual reflection of the homogeneous X-ray beam 
could then be found quite easily. The crystal was almost shapeless, 
but it showed one bright, though by no means plane, face. By 
setting this face as nearly as possible vertical and then rotating the 
crystal about it very slowly, the main zone axes were found and 
planes in three principal zones were measured. The unit cell was 
trielinic. The face which actually grows on some crystals was 
taken as the (001). The crystal measured was twinned on this 
plane, which was also a good cleavage plane. Nearly at right angles 
to it was a second, less definite, cleavage plane which was taken as 
the (010). A third plane nearly normal to these two was taken as 
the (100). These planes having been arbitrarily selected as axial 
planes, the spacings of other planes in the axial zones were measured. 
By combining all the observations it was possible to determine the 
size of the minimum crystallographic cell. The unit cell taken is, 
of course, in the triclinic system, only one of an infinite number of 
minimum cells all having the same volume. The conditions that 
any such unit cell must fulfil are (1) that no calculated spacing should 
be a sub-multiple of the corresponding measured spacing, and (2) 
that no set of calculated spacings should be multiples of the measured 
spacings of those planes. If, for example, the measured spacing of 
each plane with indices {hid}, where Ji is odd, were one-half of the 
calculated value, it would mean that the unit cell adopted was 
twice as large as the true unit cell, the a axis of the latter being only 
one-half the length of the a axis formerly used. 

Considerations such as these showed that the arbitrarily selected 
axial planes did form the boundaries of one such possible minimum 
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cell. The angles between the axial planes and their spacings were 
measured; the lengths of the axes and the axial angles calculated 
therefrom are a = 7-56, b = 15-00, c = 6*20 A.U., whence 
0-504 :1: 0-413 and a = 90°40', p * 8S°30', and y « 89°48'. 

As these angles are all very nearly right angles, they are almost 
exact supplements of the measured angles between the axial planes. 
Also the differences between the lengths of the axes a, b, c, and the 
observed spacings d 100 , d ow , d 0Q1 are less than the probable errors 
of observation and are therefore negligible. From these axial 
spacings and angles the spacing, d , of any other plane ( hkl) can be 
calculated by means of the formula 
*72 £2 £2 72 ru 

gs = psin 2 a + p sin 2 p + ~sin 2 y + 2 |j~ (cos p cos y - cos a) 

Ih hk ~ 

-f- (cos y COS a — COS P) *\ - 7 (COS ot COS p *— COS y) 

= 2 s ^ n2 a + 2 y*j ~ (cos P COS y — COS a), 

where JV 2 = 1 — cos 2 a — cos 2 p — cos 2 y + 2 cos a cos p cos y 

= 4 sin J (a + p + y) sin £(-— a + P + y) sin J(a — p + y) 

sin |(a + p — 7 ). 

Also the angle $ between two planes and {\k^ 2 ) is given by 

cos 6 = sin 2 a + ^ sin 2 p + sin 2 y 

+ (cos a COS P — COS y) -f (COS P COS y — COS a) 

+ — 2 d tJJh cos y COS a — COS P) 

C€t> 

= IvT 8 [2 sin2 a + 2 (cos P cos y - COS a)], 

d v d % being the spacings of the two planes. 

The volume of the unit cell is abcN. 

Comparison can thus be made between the spacings and angles 
calculated as above and those actually measured on the spectrometer. 

Spacings . 


Plane. Calc. 

Obs. 

Relative 

intensity. 

Plane. 

Calc. 

Obs. 

Relative 

intensity. 

100 

■ — 

7*56 

Small H. 

30l 

2*36 

2*36 

Mod, large. 

010 


15*00 

Moderate VI. 

101 

4*73 

4*74 

Very small I, 

001 

— 

6*20 

Small I, very 
large II. 

101 

4*86 

4*83 

small III. 

Very small I, 

012 

012 

3*04 

3*03 

3*04 

3*03 5 

Mod. large. 
Mod. large* 

110 

6*74 

6*70 

small III. 

Mod. small II, III, 

031 

3*91 

3-89* 

Moderate. 

1I0 

6*76 

6*75 

Mod. small II, III, 

031 

3*87 

3-88 5 

Moderate. 

210 

3*66 

3*59 

Moderate. 

041 

3*23 

.— 

Mot found. 

2l0 

3-67 

3*60 5 

Mod. large. 

04l 

3*19 

3*20 

Small, 

140 

3*36 

3*35 

Small, 

301 

2*31 

2*32 

Mod, large. 

liO 

3-37 

3*37 

Small. 
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Angles between planes . 


Planes. 

Calc. 

Obs. 

010 

001 

— 


89° 

20' 

001 

100 

— 


91 

30 

100 

010 

— 


90 

12 

012 

001 

168° 

24' 

168 

12 

0l2 

001 

11 

35 

11 

37 

031 

001 

128 

31 

128 

32 

03l 

001 

50 

42 

50 

43 

041 

001 

58 

21 

58 

32 

301 

001 

113 

25 

113 

28 


Planes. 

Calc. 

Obs. 

30l 

001 

69° 

10' 

68° 

5P 

101 

001 

141 

17 

141 

20 

101 

001 

39 

56 

39 

36 

110 

010 

116 

57 

116 

40 

llo 

010 

63 

25 

63 

17 

210 

010 

104 

19 

104 

18 

2l0 

010 

76 

3 

76 

8 

140 

010 

153 

31 

153 

36 

liO 

010 

26 

34 

26 

50 


Allowance being made for the obvious difficulties in setting the 
crystal on the spectrometer table in the correct position, this agree¬ 
ment is quite good. 

The density of fumaric acid is 1*625 g./c.c. and M = 116. Calling 
the number of molecules per unit cell n, we have abcNp — %M . 1*65. 
Substitution of the known*values of a, 6, c and N leads to the value 
»*= 5*97. 

This shows that there are six molecules of formula C 2 H 2 (C0 2 H) 2 
in the unit cell, the minimum cell which, repeated through space, 
will build up the crystal structure. It is well-known, however, 
that the number of asymmetric units required to build up a triclinic 
cell is either one or two. A triclinic pedial (C x ) crystal is formed 
by the repetition through space of a single asymmetric unit, a 
triclinic pinakoidal (Q) crystal by the repetition through space of 
one centrosymmetric unit or of two asymmetric units arranged 
eentrosymmetrically with respect to each other. Now it is 
impossible from the outward form of the fumaric acid crystals to 
tell whether they belong to the pedial or to the pinakoidal class, 
since all the crystals are practically shapeless, nor is it possible by 
any X-ray method to distinguish between the two classes. If the 
crystals belong to the pedial class, then it follows that six simple 
molecules of formula C 2 H 2 (C0 2 H) 2 must, in the solid state, be 
associated together to form a single asymmetric unit, which is then 
repeated through space. If, on the other hand, the crystals are 
pinakoidal, then the six molecules in the unit cell are arranged in 
two groups of three, each group being asymmetric in itself, but 
centrosymmetric with respect to the other. It is important to 
know whether the simple chemical molecules in such a group are 
related to one another in a manner different from that in which 
they are related to all other molecules in the crystal. If this is so, 
then the group might be called a “ crystal molecule/ 9 its formula 
beSng [C^H^OOgHyg in the first case or [C 2 H 2 (C0 2 H) 2 ]3 in the 
second. In the unit cell of any symmetrical crystal there exists 
an association of a given number of ultimate asymmetric parts 
which are so arranged about the elements of symmetry as to build 
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up a unit possessing the full symmetry of the class. This unit then 
repeats itself through space without change of character or orienta¬ 
tion. In general, the ultimate asymmetric parts are identical with 
the chemical molecule (or ions) or are sub-multiples of the chemical 
molecule. Thus, in the case of naphthalene the molecule is centro- 
symmetrie (that is, it contains two such parts) and two molecules 
arranged about an axis of screw symmetry build up the unit mono¬ 
clinic prismatic cell. There is certainly no reason why one should 
pair a given molecule in such a crystal with any of its four immediate 
neighbours and call such a pair a double molecule. The case of 
fumaric acid is, however, quite different. This is one of the few 
exceptional crystals where the ultimate asymmetric part is a multiple 
of the simple chemical molecule. Other examples which have been 
found include a-naphthylamine (Sir W. H. Bragg, Report of the 
Solway Conference, 1925), where the orthorhombic cell contains 
eight asymmetric groups of three chemical molecules; monoclinic 
carbon tetrabromide (Mark, J Ber., 1924, 57, 1820), where the 
ultimate part is said to be C 2 Br 8 ; and rhombic sulphur (Mark and 
Wigner, Z. physihal. Chem. 9 1924, 111, 398), in which the unit cell 
contains 128 atoms, the ultimate asymmetric group being either 
S 8 , or S 16 . As a rule, when two or more chemical molecules are 
associated together in the unit cell it is with the object of producing 
symmetry. When, as in these exceptional cases, there is also an 
association of a type which does not produce symmetry, we are 
perhaps justified in assuming that this association is closer than a 
mere crystallographic connexion and partakes more of the nature 
of an actual polymerisation in the solid state. In the case of 
sulphur it is most probable that the different crystalline forms are 
polymerised to different extents; the polymerisation is known to 
persist to a certain extent even in the vapour. This point has not 
been tested in the case of fumaric acid. Very little is known about 
matter in the solid state, apart from what can be directly deduced 
from the crystal structure. The fact that fumaric acid sublimes 
at 200° and melts in a closed tube only at 286—287° may perhaps 
be taken as evidence of a closer association between the chemical 
molecules than that usually existing in crystals. The same possibly 
applies to its insolubility in all ordinary solvents, and to its low heat 
of combustion (317*6 mol.-gm.-cals.) compared with that of mateio 
acid (331*3 mol.-gm.-cals.), since it may well be supposed that in the* 
case of fumaric acid heat would be used up in separating the mole¬ 
cules before actual combustion could take place. It is doubtful* 
however, whether any reliance can at present be placed en ww* 
elusions drawnfrom differences in heats of combustion, : heats . 
solution or crystallisation, etc,, since we have very little 

430 * ■: 
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what extent these depend on the actual crystal structure and to 
what extent on the molecular structure (Garner and Randall, J., 
1924, 125, 881). Bruni and Gorni ( Qazzetta , 1900, 30, i, 80), when 
determining the molecular weights of methyl maleate and fumarate 
cryoscopically in methyl succinate, found a normal value for the 
maleic ester (149*5 to 164; calc., 144), but the abnormal value of 
797 to 914 for the fumaric ester in dilute solution; a raising of the 
freezing point of more concentrated solutions (above 2%) probably 
indicated the formation of a solid solution of the fumaric with the 
succinic ester. The abnormal value obtained for the fumaric ester 
in dilute solution may possibly be due to molecular association of 
the same type as that now observed in the case of the acid. Deduc¬ 
tions drawn from the behaviour of the esters could not, however, 
be safely applied to the acids. That there is some difference between 
maleic and fumaric acids other than this association is obvious, 

since in solution they both act as if they 
had the simple formula and yet there 
are striking chemical differences to be 
accounted for. Probably there is a differ¬ 
ence in the spatial arrangements of the 
atoms in the simple molecules in solution, 
but in neither case does the molecule 
possess symmetry in the crystalline state. 

The complex twinning mentioned above 
as characteristic of fumaric acid is worth 
describing in some detail. Cruciform 
growths are very frequent (as shown in Fig. 8). The only distinct face 
on such a twin is the flat surface, from which a small reflection has been 
obtained showing it to be the (001} plane. The twin planes therefore 
have indices {hkO}. The angles between the arms of the twin are 
almost exact right angles and the b axis runs parallel to the length 
of the arms. Hence the twin planes must be the [120} and {ISO}, 
which make angles of 44°42 / and 44°55 / respectively with the {010} 
plane. Some crystals are twinned in the above manner and then 
again each arm is twinned on a plane nearly at right angles to both 
{001} and {010}, presumably therefore the {100}. Such interpene¬ 
trating twins obey at least two twin laws. Other interpenetrating 
twins have not merely four arms, but six. Some have only four 
arms, but these are not at right angles. The laws obeyed by such 
twins have not yet been elucidated. 

More recent X-ray examination of some of the derivatives 
of maleic and fumaric acids has shown that in no other case yet 
investigated does association take place in the solid state. The sub¬ 
stances examined were monopotassium chloromaleate, C 4 H 2 0 4 C1K, 
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diammonium chlorofumarate, C 4 H0 4 C1(NH 4 ) 2 , and ammonium 
hydrogen fumarate, C 4 H 3 0 4 NH 4 ; the X-ray data obtained have 
been published elsewhere (Yardley, Phil. Mag.> 1925, 50, 864). 

In conclusion, I wish to thank Professor Sir William H. Bragg, 
F.R.S., most heartily for his constant encouragement and advice* 
My grateful acknowledgments are also due to the Advisory Council 
of the Department of Scientific and Industrial Research and to the 
Royal Institution for rendering financial and laboratory assistance. 
For the preparation of the three compounds last mentioned, I am 
very much indebted to Mr. W. B. Saville. 

Davy Faraday Laboratory, 

Royal Institution. [ Received , May 19 th , 1925.] 


CCC—Purification of Phosphoric Oxide.* 

By Henry Whitaker. 

Finch and Peto purified phosphoric oxide from traces of lower 
oxides by subliming it in a current of oxygen in an iron tube, heated 
to redness, and collecting the sublimate in a cooled glass tube (J,, 
1922, 121, 692). On repeating the experiment, the chief difficulties 
encountered were the blocking of the glass tube with a solid crust of 
oxide and its frequent fracture at the glass-to-iron junction. Better 
results were obtained by employing a special form of receiver. 

The receiver shown in Fig. 1 consists of a T-piece of wide glass 
tubing, the lower end, b , of which is fitted by means of a cork to 
the wide-necked bottle, c; transference of the sublimate from the 
receiver to a bottle for storage is thus avoided. 

The receiver shown in Fig. 2 was made by sealing the wide tube, 
b, close to the end of a (broken) Liebig’s condenser jacket, which 
was drawn out at e to fit into the end of the iron tube. The glass 
ram, a , served to rake down into the bottle any deposit which 
collected at /, and the tube b was kept clear by occasional raking 
with a glass rod, applied through d, which was normally closed with 
a cork. In the glass-to-iron junctions at e, a packing consisting of 
a collar of thin asbestos paper was found preferable to cementing 
with phosphoric acid. The chief drawback of either form of receiver, 
however, was fracture, which invariably occurred sooner or later 
in the course of the experiment. An iron T-piece was next tried, 
which proved more satisfactory. 

* Th« work now described was completed in 1922. The peculiar difficulties 
attending the distillation of phosphoric oxide are disclosed by the work of 
Smits and Rutgers (J., 1924, 125, 2573). 

4 E* 2 
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The bent glass tube, with rake, employed by Finch and Peto for 
admitting small quantities of phosphoric oxide at a time into the 
iron tube was found to be inconvenient, and a simple form of 
feeding apparatus was substituted, which proved entirely successful. 
It consists of a wide glass tube, drawn out and sealed to the end of a 
thinner glass tube and provided with an ordinary cork, through 
which passes a glass rod flattened at the end into a circular disk. 
The glass rod should slide easily through the cork and the circular 
disk should loosely fit the narrow tube. The dropping tube is 
charged by raising the cork, keeping the glass rod in position with 



the disk closing the narrow tube; the cork is then slid back into 
position. The crude phosphoric oxide contained in the dropping 
tube can be admitted as required, by slightly raising the glass rod 
and tapping the tube. This form of apparatus can be repeatedly 
recharged with fresh phosphoric oxide without interrupting the 
experiment. 

Blockages tended to occur in the vertical limb of the central iron 
T-pece; these were eliminated by using a vertical tube of wider 
diameter than the horizontal portion. The final form of the 
apparatus is shown in Fig. 3. 

The current of oxygen (dried by passage through sulphuric acid, 
stick caustic potash, and crude phosphoric oxide) enters the iron 
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tube at e. It was found unnecessary to have an exit tube for the 
escaping oxygen. By properly adjusting the “ fit ” of the bottle c 
(receiver for the sublimed phosphoric oxide) to the cork b , fitted 
over the iron tube, a, the oxygen escaped via 6. During the progress 
of an experiment, the plug, d, is unscrewed occasionally and the 
iron T-piece raked with an iron rake. 

In one experiment, from approximately 200 g. of impure phos¬ 
phoric oxide, 70 g. of pure pentoxide were obtained in 2 hours. 
This product, tested with silver nitrate in the manner suggested 
by Finch and Peto, was found to be free from lower oxides. 

The use of mercuric chloride as a reagent for detecting the presence 
of lower oxides of phosphorus (suggested by Sir Richard Threlfall 
in a private communication to Professor A. Smithells) was found to 
be more convenient than silver nitrate, as neutralisation of the 
phosphoric acid with sodium hydroxide is unnecessary. A small 
quantity of the phosphoric oxide to be tested, dissolved in water, 
is boiled with mercuric chloride solution; if traces of phosphorous 
acid are present, a white turbidity or precipitate of mercurous 
chloride appears. All the samples of phosphoric oxide prepared 
by the method described above, when thus tested, were found to be 
free from lower oxides. 

Thb University, Leeds. [ Received, August 20th, 1925.] 


CCCI —Determination of Metals Dissolved in Mercury. 
Rapid Method of Purifying Mercury. 

By Alexander Smith Russell and Derek Curtis Evans. 

The work to be described is dependent on two observations, both 
of which, we think, are new: (1) that all metals more electro¬ 
positive than mercury except cobalt go rapidly into solution as 
sulphates without the accompaniment of mercury when amalgams 
of them are shaken with potassium permanganate or certain other 
oxidising agents in dilute sulphuric acid, and (2) that the point 
at which the last trace of the metal in the mercury has gone into 
solution is shown by the breaking of the surface of the mercury 
into bubbles. For the determination of single metals in mercury 
by the method to be described it is necessary that the reducing 
power of the metal be 100%, that is to say, that the metal go 
into solution only in so far as it reduces the permanganate or other 
oxidising solution. For purifying mercury, on the other hand, 
rapidity of action between the metals to be removed and the 
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oxidising solution is more necessary than efficiency of reducing 
power. 

We find * that the order in which metals when dissolved in 
mercury are removed from it by oxidising solutions is not the same 
as that of the electrode potentials of the metals in the free state. 
This order in mercury is (proceeding from electropositive to noble 
metals and including only those with which we have experimented) : 
zinc, manganese, cadmium, thallium, tin, lead, copper, chromium 
and iron, bismuth, cobalt, mercury, and nickel. It was found by 
obtaining the metals two at a time in mercury and finding out 
which went first into solution when ferric sulphate, or potassium 
permanganate or uranyl sulphate in sulphuric acid was reduced. 
The order seems quite definite; it appears to be the same what¬ 
ever oxidising solution be reduced, whether the solution be hot or 
cold, whether sulphuric or hydrochloric acid be employed, and 
whatever other metals be present in the amalgam. The order in 
mercury differs from the order of the electrode potentials of metals 
in the free state only in the absolute positions of chromium, man¬ 
ganese, iron, cobalt, and nickel (atomic numbers 24 to 28). This 
is ascribed to passivity (Russell, loc. cit.). The relative order of 
these elements in both series is the same. 

Experimental. 

The reducing efficiency of a metal in mercury was investigated 
as follows : an amalgam containing from 0*2 to 0*4 g. of the metal 
in 200 g. of mercury was prepared either by direct solution, or by 
electrolysing solutions of sulphate in sulphuric acid the concen¬ 
trations of which before and after electrolysis had been determined; 
the amalgam was shaken in a 300 c.e. stoppered bottle with 80 c.c. 
of 22V‘-sulphuric acid and a volume of accurately N /10-potassium 
permanganate until the pink colour was just discharged; further 
volumes of permanganate were run into the bottle and the colour 
discharged until a point was reached such that on further shaking 
the surface of the mercury became a mass of small bubbles. This 
point could be accurately judged with experience to about 0*2 or 
0*3 c.c. and was taken as the point at which the whole of the 
metal had left the mercury. The mass of the metal theoretically 
necessary to oxidise the volume of reduced permanganate was then 
compared with the known weight contained originally in the 
mercury. 

* This experimental work with discussion will be published elsewhere. 
In Nature, 1925, 315, 455, one of us (A. S. R.) gave this order slightly 
differently. By a slip chromium read manganese The position of manganese 
had not then been investigated. 
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The results obtained for seven metals and potassium perman¬ 
ganate are in the table below. 


Gram 

Gram 

% 

Gram 

Gram 

0/ 

/o 

taken. 

found. 

efficiency. 

taken. 

found* 

efficiency. 


Zinc. 



Lead. 


0*210 

0*193 

91*9 

0*100 

0*101 

101 

0*210 

0*192 

91*4 

0*202 

0*200 

99 

0*219 

0*200 

91*3 

0*205 

0*206 

100*5 

0*929 

0*865 

93*1 

0*206 

0*206 

100 




0*406 

0*410 

101 

0*222 

0*230 

0*263 

Cadmium. 

0*222 

0*228 

0*261 

100 

99*1 

99-2 

0*1115 

0*1673 

Copper. 

0*1115 

0*1680 

100 

100*4 

0*281 

0*279 

Tin. 

99-3 

0*1791 

Iron. 

0*1722 

96*1 


100 

0*3658 

0-3515 

96*1 

0*400 

0*400 


Bismuth. 


0*401 

0*402 

100-2 



0*403 

0*400 

99-2 

0*302 

0-302 

100 

0*403 

0*401 

99-5 

0*367 

0*365 

99*5 


It is seen that the results obtained by this rapid method (an 
experiment could be easily completed in 5 minutes) are fairly 
consistent and that each metal tried, with the exception of zinc 
and iron, is 100% efficient as oxidiser of potassium permanganate. 
These results contrast remarkably with the reducing efficiencies, 
and also the rate of oxidation, of some of these metals in the free 
state as investigated by Thorpe (J., 1882, 41, 287) and Sugden 
(J., 1921, 119, 233). 

The results obtained in a similar manner when the metals reduced 
a N /10-solution of ferric sulphate in 2iV-sulphuric acid were 
approximately 100% for cadmium, tin, lead, copper, and bismuth, 
as with permanganate. Zinc, however, was now also 100% 
efficient, the actual values obtained being 100, 100*9, and 100*1. 
The reducing efficiency of iron was, however, again less than 100%, 
the values obtained varying from 94 to 97. Ferric sulphate was 
found to oxidise the metal of the amalgam much more rapidly 
than permanganate, and shaking had to be carefully done to avoid 
over-running the end-point and bringing some of the mercury 
itself into solution. 

When uranyl sulphate was reduced, none of the metals showed 
reducing efficiencies of 100%. Of the seven metals mentioned 
above, only zinc, cadmium, tin, and lead could be investigated, 
because these alone were found to reduce uranium quantitatively 
from the sexavalent to the quadrivalent form. The mean values 
of their efficiencies decreased in decreasing order of potential, the 
mean values found being 91, 88, 82, and 74 for zinc, cadmium, tin, 
and lead, respectively. 



2224 


BUSSELL AND EVANS I 


It is obvious tliat the reducing efficiency of a metal may be 
investigated in this way only when it is completely removed from 
the mercury without being accompanied by mercury. It was 
found that mercury invariably accompanied cobalt and nickel when 
amalgams of these elements were shaken with oxidising solutions. 
The number of atoms of cobalt oxidised by the permanganate was 
found to be greater than that of mercury, and the number of atoms 
of nickel less. Cobalt appears, therefore, to act like a more electro¬ 
positive and nickel like a more electronegative metal than mercury. 
It was found possible by sacrificing some mercury to remove the 
whole of the cobalt, but not the whole of the nickel from the 
mercury by shaking with oxidising solutions. These are the only 
metals which lie in potential between zinc and mercury in the free 
state which cannot be determined quantitatively by the method 
described in this paper. 

The whole of these results receive a ready explanation with 
the help of present knowledge of the phenomenon of over-voltage. 
When a metal dissolved in, and more reactive than, mercury is 
shaken with sulphuric acid, it goes to some extent into solution and 
the equivalent amount of ionic hydrogen is discharged at the surface 
of tLe mercury. This has been proved to occur whether or not 
the metal is more electropositive than hydrogen in the potential 
series (S. W. J. Smith, Phil . Mag., 1909, 17, 834). Two extreme 
courses are open to this atomic hydrogen ; it may wholly combine 
with the oxidising solution present (in which case the reducing 
efficiency of the metal is 100%), or it may wholly combine to form 
molecular hydrogen at the surface of the metal. The former course, 
it is expected, would be favoured by the presence of ions which are 
quickly reduced, and by a metal the power of which for catalysing 
the formation of molecular from atomic hydrogen is small; the 
latter course would be favoured by the presence of ions that are 
reduced slowly, and by a metal which catalyses the formation of 
molecular hydrogen. Of the three solutions tried, ferric sulphate 
was found by a series of comparative tests to be reduced most 
quickly, and uranyl sulphate most slowly, by amalgams of each 
of the metals investigated. Of these metals, mercury has the 
highest, and iron the lowest, hydrogen over-voltage, and, if this 
phenomenon bo interpreted as the inability of the metal to catalyse 
the reaction 2 H—it follows that, of the metals under dis¬ 


cussion, mercury dc^s this most slowly and iron most quickly. 

The experiments described above may now be explained. When 
potassiumpermanganate is reduced in acid solution, only the very 
reactive 2 dnc can generate more hydrogen (or more reactive 
hydrogen) than can be retained at the surface of the metal until it 
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reacts with the permanganate. When ferric sulphate is reduced, 
the increased rate of reaction between it and the atomic hydrogen 
is sufficient to prevent any formation of molecular hydrogen; zinc 
is consequently, like the other metals, 100% efficient as a reducer. 
When uranyl sulphate is reduced, the slower rate of reaction between 
it and atomic hydrogen explains the smaller reducing efficiency of 
zinc. Comparative tests which we have made on the rate of 
reduction of uranyl sulphate in acid solution by amalgams of different 
metals, show that as the metal becomes more and more electro¬ 
negative the rate at which it reduces uranyl sulphate relative to 
that at which it reduces permanganate decreases rapidly. Zinc, 
for example, reduces permanganate about 20% more rapidly than 
the less reactive lead under similar conditions; it reduces uranyl 
sulphate, however, about ten times more rapidly. These observ¬ 
ations explain the low efficiencies of metals and their decrease with 
decrease in electrode potential when they reduce uranyl sulphate. 

Since iron falls in the potential series of metals in mercury 
between copper and bismuth, it is to be expected from the results 
above that it would show a 100% reducing efficiency both with 
potassium permanganate and with ferric sulphate. The lower 
values found cannot be explained by supposing that the iron, 
which appears to be in the passive state in mercury, has become 
active, because there is no other evidence that iron when reducing 
permanganate or ferric sulphate becomes active, and further, zinc, 
which is 100% efficient as a reducer of ferric sulphate, is more 
electropositive than active iron. The explanation of the low 
values is that iron is the only metal in the amalgams investigated 
which so catalyses the reaction 2H —> H 2 that not all of the atomic 
hydrogen is used in reducing the oxidising solution. This is con¬ 
firmed by the results of experiments on the reducing efficiency of 
zinc on permanganate in amalgams containing one other metal. 

We find that cadmium, tin, and lead do not lower the reducing 
efficiency of zinc, that iron lowers it a little, and that tungsten, 
molybdenum, and platinum, which have very small hydrogen 
over-voltages, reduce it considerably. These experiments will be 
detailed in a separate communication. The following experiments 
lead more simply to the same result: (1) When a c.c, of if/10- 
permanganate are shaken in sulphuric acid solution with iron 
amalgam the permanganate is first reduced and the resulting ferric 
sulphate is then quantitatively reduced by more iron to the ferrous 
condition. When this solution is titrated with the same perman¬ 
ganate, it requires theoretically a/2 c.c., if iron has a reducing 
efficiency of 100%. Experimentally it requires usually from 
to 0*5 c.c, in excess of this amount, showing that some of the iron 
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present in the amalgam has gone into solution without performing 
any reduction of either the permanganate or the ferric solutions 
present. (2) When a c.c. of N /10-ferric sulphate are shaken in 
sulphuric acid solution with iron amalgam a solution of ferrous 
sulphate results. This solution should theoretically require 3a/2 c.c. 
of N /10-permanganate when titrated. Experimentally it requires 
from 0*2 to 0*5 c.c. in excess of this amount for the reason explained 
above. (3) When the same volume of the solution in (2) is shaken 
with a tin- instead of an iron-amalgam, ferrous sulphate and 
stannous sulphate but no stannic sulphate are found to form. This 
solution should theoretically require 2a c.c. of Nj 10-permanganate, 
since stannous sulphate and ferrous sulphate are formed in equivalent 
amounts. Experimentally this value is found, which shows that 
tin is 100% efficient in these circumstances. 

Erom this survey it follows that, of the metals considered, iron 
alone cannot be directly determined in mercury by measuring the 
volume of potassium permanganate or ferric sulphate reduced by 
the metal. Owing to the rapidity of the reaction between the metal 
and the ferric sulphate and consequent danger of over-running the 
end-point, it is better to use potassium permanganate in presence of 
2jV-sulphuric acid as oxidiser except when zinc is being determined. 
Iron may be determined easily and quantitatively by the following 
modification of the method. The iron amalgam is shaken with the 
permanganate until the end-point is obviously passed. The reduced 
solution is transferred to a bottle and shaken for one minute with 
1 % zinc amalgam. Mercury salts are thereby reduced to the 
metal, which dissolves in the amalgam, and iron salts are wholly 
reduced to the ferrous state. The liquid is then decanted from 
the amalgam, which is washed by decantation with two volumes 
of 50 c.c. of water containing dilute sulphuric acid and the whole 
titrated with N /10-permanganate. 

The method described above should be a rapid and useful altern¬ 
ative to several more accurate but tedious processes. Three 
readily suggest themselves and we have carried out a few experi¬ 
ments on each: (1) the determination of the solubilities of metals 
in mercury, (2) the determination of tin and lead in solder, (3) the 
determination of metals electrolytic ally using a cathode of mercury. 

Determination of Solubilities of Tin and Iron in Mercury at 15°.— 
To 800 g. of mercury were added 15 g. of pure tin. The solid 
phase was obviously present. The mixture was kept for an hour 
at 15° and then pressed through chamois leather three times to 
remove the whole of the solid phase. The amalgam was shaken 
with acidified permanganate in the usual way until the end-point 
was reached ; the whole of the tin was then in solution in the 
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stannic form, since tin amalgam was found not to reduce stannic 
sulphate in measurable amount. The mass of tin in the known 
weight of the amalgam was then calculated from the volume ami 
strength of the permanganate. The percentage of tin in solution 
in mercury at 15° was found in this way in two experiments to 
be 0-61 and 0*60* 

A similar experiment was carried out with iron. This metal 
was obtained in solution by electrolysing a normal solution of 
ferrous sulphate containing sulphuric acid with a current of 
3 amperes with a mercury cathode until the solid phase was 
obviously present. The solid phase was removed at 15° as with 
tin. Owing to the very small solubility of iron in mercury, as well 
as to its not being 100% efficient, the permanganate was used 
merely to remove the iron quantitatively from the mercury. The 
solution containing the iron was then treated as mentioned above 
and titrated with permanganate. In three experiments the 
solubility of iron in mercury at 15° was found to be 0-00138, 
0*00140, and 0*00140%. Richards and Garrod Thomas (Z, physical. 
Chem 1910, 56, 758) found by other methods the value 0*00134 
at 20°. 

Determination of Tin and Lead in Solder ,—The conditions neces¬ 
sary for success in these determinations are (a) that the alloy 
dissolves without difficulty in warm mercury, (6) that it has two 
constituents only, each of which is 100% efficient in reducing the 
oxidising solution used, and (c) that the equivalents of the metals 
be as widely different as possible. Solder fulfils these conditions 
well. A table was compiled showing the quantities of deoinormal 
permanganate theoretically required by a gram of solder (con¬ 
taining lead and tin only) of varying tin composition when it is 
oxidised to stannic and lead sulphates. It showed that a difference 
in percentage composition of tin or lead of 0*1 corresponded to 0*24 
c.c. of NJ10 -potassium permanganate* Since the end-point in our 
method can be judged with practice to about 0*2 to 0*3 c.o. of 
permanganate, the error of a single determination need not exceed 
0*1. In practice, however, this accuracy was not always attained. 
In the table below, the percentage compositions of three solders 
obtained by the new method are compared with those determined 
gravimetrically. 

Average % determined 
Percentages determined by new method. values, gravimetrically. 


Sn 

46-4 

46*3 

46*6 

46*3 

46*4 

46*4 

46*4 

Pb 

63-6 

63-7 

53*5 

53-7 

63*6 

53*6 

53*0 

Sn 

36*4 

36-3 

36*1 



36*3 

36*1 

Pb 

63-6 

63*7 

63*9 



03*7 

68*9 

Sn 

60*7 

49-8 

50-0 



50*2 

50*5 

Pb 

49*3 

50*2 

50*0 



49*8 

49*5 
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It is seen that in the three cases the agreement is fair. A deter¬ 
mination by the new method which includes the time taken to 
weigh the solder may be made in 15 minutes. We usually weighed 
out about 0-2 g. and this required about 60 c.c. of Nj 10-perman¬ 
ganate. As is to be expected from its position in the potential series, 
tin in the solder oxidises the permanganate before lead. This is 
inferred because the discoloured solution is at first clear. Later 
the white precipitate of lead sulphate makes its appearance. The 
precipitate does not obscure the end-point. 

Modification of E. F. Smith's Method of Determining Metals 
with a Mercury Cathode. —The following metals have been found 
by Smith and others to be rapidly and quantitatively precipitated 
from solution with the use of a rotating anode and a mercury 
cathode: bismuth, cadmium, chromium, cobalt, copper, gold, 
iron, lead, manganese, mercury, nickel, silver, tin, and zinc (E. F. 
Smith, “ Electroanalysis/ 5 6th edition, 1919). These metals are 
determined by Smith’s method as the difference in the weight of 
pure mercury before electrolysis and that of the amalgam after. 
With our method neither the pure mercury nor the amalgam need 
be weighed, so that the errors involved, especially in the second 
of these weighings, are avoided. On the other hand, the error of 
determination is greater with our method (about 0-5%) than with 
Smith’s method when properly carried out (0T to 0-2%). More¬ 
over, our method is confined to the determination of bismuth, 
cadmium, copper, iron, lead, manganese, tin, and zinc. The other 
metals named above, except chromium and cobalt, cannot be 
determined because they are more electronegative than mercury. 
Chromium cannot be determined by our method because instead 
of forming chromium sulphate, as is to be expected, in presence of 
an oxidising agent, it leaves the mercury in a finely divided state 
and becomes oxidised to chromous oxide. The case of cobalt has 
already been considered. 

Rapid Method of Purifying Mercury. 

A rapid method of purifying mercury from other metals may be 
founded on the quantitative determinations described above and 
is indeed obvious. It cannot be used for removing nickel or metals 
more electronegative than mercury, and cobalt presents some 
difficulty. The remaining metals more electropositive than mercury, 
even when in the passive state, may be removed quickly, completely, 
and without any loss of mercury. 

If the amalgam is a concentrated one, it should be pressed twice 
through chamois leather to withdraw the whole of the metals in 
the solid phase. This lowers the concentrations of cadmium, 
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indium, thallium, lead, zinc, and tin to approximately 3, 2, 2, 1, 1, 
and 0*5%, respectively, and leaves those of copper and iron less 
than 0*003% (Richards and Wilson, Z. physilcaL Ohem 1910, 56, 
729; Richards and Garrod Thomas, ibid., p. 758). The amalgam 
may then he placed in a stout reagent bottle and shaken vigorously 
with a mixture of equal volumes of 9iV~sulphuric acid and saturated 
aqueous solution of potassium permanganate till it becomes dis¬ 
coloured. More of the oxidising solution is then added and the 
shaking continued till bubbles of mercury appear on the surface. 
The amalgam is then washed from impurities by a stream of water, 
and the removal of the last traces of the impure metal completed 
by shaking with N /10-permanganate acidified with 2IV-sulphuric 
acid till the end-point, at which the mercury when shaken becomes 
a mass of small bubbles, is reached. The mercury should then be 
again washed by a stream of running water, shaken with 2iV*-sulph- 
uric acid to destroy the bubbles, and pressed through chamois 
leather. 

If Nj 10-potassium permanganate in sulphuric acid solution be 
*used instead of the more concentrated solution the rate at which 
the metallic impurities are removed is slower. For small con¬ 
centrations of impurities, however, this rate is not unduly slow 
(the removal of 0*2 g. of zinc, for example, would require about 
2 minutes’ shaking), and whenever the reduced solution is intended 
to be subsequently analysed this rate is recommended because it 
ensures that the end-point is not over-stepped. When the amalgam 
is shaken with a concentrated solution of ferric sulphate in sulphuric 
acid or with a mixture of this solution with permanganate, the rate 
at which the impurities are removed is very greatly increased. This 
is due to the observed fact that ferric sulphate is reduced much 
more rapidly than permanganate, and the greater the concen¬ 
tration of the ferric sulphate the more rapid is the reduction. 
Ferric sulphate thus catalyses the reduction of potassium per¬ 
manganate and other oxidising solutions by amalgams because the 
former after reduction to ferrous sulphate reacts almost instant¬ 
aneously with the latter and the ferric sulphate regenerated is then 
reduced by more of the metal of the amalgam. Using* a normal 
solution of ferric sulphate in 22V r -sulphuric acid, we wore able, by 
vigorous shaking, to remove I g. of lead from 200 g. of amalgam 
in 10 seconds, and 7 g. of zinc in | minute. With a concentrated 
solution of permanganate in 6iV-sulphuric acid and 20 c.c. of N /10- 
ferric sulphate we removed completely, by shaking in a large 
reagent bottle, 14 g. of a mixture of zinc, cadmium, tin, lead, solder* 
and bismuth from 480 g. of pure mercury, to which it had hen 
added, without the loss of any mercury except a little removed 
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mechanically in washing. This fact is of interest because in the 
literature on the purification of mercury it is stated that when an 
amalgam is passed through, or shaken with, the oxidising solutions 
in general use, either the mercury is not completely freed from the 
more electropositive metals or, if it is, a considerable proportion 
of mercury accompanies the other metals into solution (Harries, 
Z. angew. Chem., 1921, 34, 359; Harries and Evers, ibid., p. 541; 
Hulett and Minchin, Physical Rev., 1905, 21, 396). 

Summary. 

1. The order in which metals are removed from mercury by 
oxidising solutions has been determined, and is given but not 
discussed. 

2. The reducing efficiency of amalgams of zinc, cadmium, tin, 
lead, copper, iron, and bismuth has been determined in solutions 
of ferric sulphate, potassium permanganate, and uranyl sulphate 
containing dilute sulphuric acid. The results are interpreted in 
terms of the hydrogen over-voltages of these metals. 

3. The results are applied to rapid, approximate methods of* 
determining (a) the solubilities of metals in mercury, (6) tin and 
lead in solder, (c) metals deposited by electrolysis with a rotating 
anode and a mercury cathode. 

4. A rapid method of purifying mercury from more electro¬ 
positive metals by shaking the amalgam with an oxidising agent is 
described. It removes such metals completely without necessarily 
the loss of mercury. The rate at which this purification is done 
may be regulated. 

We wish to thank the Government Grant Committee of the 
Royal Society for providing us with the materials employed in 
this work, 

Dr. Liam’s Laboratory, 

Orbist Church, Oxford. [Received, July 10th, 1025.] 


CCCII .—The Alcoholysis of Trinitroanisole and 
Trinitrophenetole. 

By Oscar L. Brady and Harold V. Horton, 

In connexion with other investigations it had been found that when 
2:4 ; 6-trinitro-m-tolyl methyl ether was crystallised from alcohol, 
partial conversion into the corresponding ethyl ether occurred 
and that when 3 : 5-dinitro-o-tolyl methyl ether was heated with 
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alcohol in the presence of alkali a similar change took place* The 
behaviour of 2:4: 6-trinitroanisole and trinitrophenetole has 
now been investigated. Moisenheimer (Annalen, 1902, 323, 205) 
has shown that the same compound is obtained by the action of 
sodium ethoxide on trinitroanisole and of sodium methoxide on 
trinitrophenetole and that this compound on decomposition with 
acids gives a mixture of trinitroanisole and trinitrophenetole; he 
proposed the following mechanism : 


OMe 

no/ 


> 0 3 


NaOEt 


X no, 


MeO OEt 

\/ 

no^Nno* 

V 

NO„Na 


OEt 

No/NnO, 

no 2 


Similarly, Loving, Jackson, and Boos (Aimer. Ghent. J., 1898, 

20, 444) found that when the compound obtained by the action of 
sodium methoxide on trinitroanisole was crystallised from ethyl 
alcohol, substitution of ethyl for methyl took place. Purdie and 
Marshall (J., 1888, 53, 391) observed that a change of groups 
occurred between esters of carboxylic acids and alcohol in the presence 
of a small amount of sodium. The conversion can, in some cases, 
be carried out without the addition of sodium (Shimomura and 
Cohen, J., 1922, 121, 883, 2051; see also Cohn, Monatsh *, 1900, 

21, 200; Lapworth and Havin, J., 1902, 81,1501). 

When 2:4: 6-trinitroanisole (m. p. 68°) is crystallised from 
ethyl alcohol, a mixture, m. p. 58°, of trinitroanisole and trinitro¬ 
phenetole separates, whilst trinitrophenetole crystallised from 
methyl alcohol gives a mixture, m. p* 52°. These observations 
probably account for the different values given for the melting 
point of trinitroanisole, namely, 48° to 64°. We have found that 
trinitroanisole, crystallised from dry methyl alcohol, melts in a 
capillary tube at 68° and freezes in bulk at 67*0°. For the purpose 
of analysis the binary fusion diagram of trinitroanisole and trinitro- 
phenetole has been constructed (Fig. 1). 

The two substances apparently form an unstable addition com¬ 
pound consisting of 3 mols. of trinitroanisole and 2 mols. of trinitro- 
phenetole, corresponding with 58*7% of trinitroanisole* This 
compound does not separate readily and it is possible to prolong 
the left and right branches of the curve for some distance into the 
metastable region; in taking the time-cooling curve of a mixture 
containing 60% of trinitroanisole, trinitrophenetole separates at 
38*0°, the temperature remains constant for some time and then 
rises to 41 •0°, when the additive compound separates. 
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When a mixture of trinitroanisole (1 mol.) and absolute alcohol 
(10 mols.) was evaporated in an air-oven, and the residue dried at 
100°, irregular results were obtained, the product having a freezing 
point of from 38*4° to 42-3°; it was found that picric acid had been 
formed owing to absorption of water by the alcohol during working. 
An apparatus was therefore designed in which the alcohol was 
distilled from calcium oxide directly on to the trinitroanisole in the 
vessel in which the freezing point was ultimately to be determined, 
the whole apparatus being filled with dry air; the mixture was then 
heated in an oil-bath, finally to 150°, a current of dry air being passed 

Fig.. 1. 

2:4: Q-Trinitrocmisole-Z : 4 : 6- Trinitrophenetole. 

80 ° 

70 

60 

SO 

40 

30 
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% Trinitroanisole . 

over it to remove alcohol vapour. Since two layers formed as the 
alcohol evaporated, the mixture was stirred continuously. By this 
means it was found that in mixtures of alcohol and trinitroanisole 
in the molecular proportions of 11 to 1 and 16 to 1 conversion 
occurred to the extent of 16% and 22% respectively; with larger 
amounts of alcohol, the results were irregular, but even with 68 mols. 
not more than 36% of the trinitroanisole was converted into 
trinitrophenetole. 

Experimental. 

Preparation of Materials. — 2 :4 : 6-Trinitroanisole was prepared by 
two methods. 2: 4rDinitroanisole, prepared by the action of sodium 
methoxide in methyl alcohol on 2 :4-dinitrochlorobenzene, was 
nitrated by Holleman’s method (Pec. trav. chim 1903,22,263), the 
nitrating mixture being heated for 3 hours at 100° and the product 
crystallised from methyl alcohol. Picryl chloride was treated in boil¬ 
ing methyl alcohol with sodium methoxide (1 equiv.) in the same 
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solvent, a fresh addition not being made until the colour produced by 
the last had almost faded. When all the sodium methoxido had been 
added, the mixture was diluted somewhat with water; the trinitro- 
anisole that separated on cooling was crystallised twice from dry 
methyl alcohol and thus obtained pure (m. p. 68°). 

Attempts to nitrate 2:4-dinitrophenetole to trinitrophenetole 
under various conditions were unsuccessful, hydrolysis occurring 
and picric acid being the only product isolated. Trinitrophenetole 
was therefore prepared from picryl chloride by the action of sodium 
ethoxide in a similar way to trinitroanisole (Austen, Ber., 1875, 
8, 666). After experiments with thionyl chloride had proved 
unsuccessful, picryl chloride was prepared by a modification of 
Pisani’s method (Annahn, 1854, 92, 326). Picric acid (50 g.; 
larger quantities cannot safely be employed) was mixed with 
phosphorus pentachloride (100 g.) and heated under reflux on the 
water-bath. After the violent reaction had subsided, the product 
was poured into water and rapidly collected. After air-drying, 
the crude material was purified in lots of 20 g. by heating at 100° 
for some time with a mixture of one part of nitric acid (d 1*4) and 
four parts of sulphuric acid (d 1*8), cooling, pouring into water, 
and crystallising from a mixture of benzene and alcohol (1:3). The 
yield of pure product was about 50% of that calculated. 

The freezing points of mixtures of trinitroanisole and trinitro¬ 
phenetole were determined from time-cooling curves; the results 
are in Table I. 

Table I. 

% Trinitroanisole 0 10 20 30 40 60 66 66 67*6 

F. p. 77-6° 72-6° 67-9° 62*9° 66*4° 48*1° 43*0° 42*0° 40*1° 

% Trinitroanisole 60 62-6 65 67-6 70 80 90 100 

F. p. 41-0° 40-3° 39-4° 39-2° 41*7° 61-0° 59*3° 87*0° 

(38-0°) (37-3°) 

The figures in brackets correspond to the first arrest, where tho 
trinitroanisole or trinitrophenetole first separated and crystallisation 
of the compound followed. 

In conclusion, one of us (H. V. H.) wishes to thank the Depart¬ 
ment of Scientific and Industrial Research for a grant which has 
enabled him to take part in this work. 

The Ralph Forster Laboratories or Organic Chemistry, 

University College, London. [Received, July 21«1, 1926.] 
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CCCIII .—The Supposed Formation of 1:2: 4z-Oxadi- 
imine Bings from Nitroso-compounds and Methylene - 
arylamines . 

By George Norman Burkhardt, Arthur Lapworth, and 
Edwin Brew Robinson. 

Ingold prepared a number of compounds by the action of nitroso- 
benzenes on methyleneanilines (J\, 1924, 125, 93 et seq.). He 

CH v 

ascribed to the products a ring structure, ArN<C_Ql^>NAr', and 

asserted that the facts were totally contrary to “ the hypothesis 
by means of which so many obscure facts in chemistry. are now¬ 
adays c explained ’ ” ( loc . cit., p. 93). 

He subsequently discovered that his products were not ring 
compounds at all, but N -hydroxyamidines. In a paper with 
Farrow (J., 1924, 125, 2543), he maintained, nevertheless, that 
cycloids are formed in the first instance and that these cycloids 
isomerise to hydroxyamidines at the moment of their formation 
(loc. cit. , p. 2545) : 



1 

ArN(OH)*CH:NAr' 


The proof given was that “ the substances obtained in the two 
ways shown by the equation above are, in each case, identical with 
one of the pair of isomerides prepared by Comstock and Clapp’s 
reaction.” 

Only one such case, however, was described, namely, that where 
Ar = C e H 4 Br(#) and Ar' = C 6 H 4 C1(#>) (Ingold, loc. cit „ p. 101), an 
unsatisfactory pair in view of the close chemical relationship and 
likely isomorphism of their derivatives. 

Farrow and Ingold also referred to the case where Ar = C e H 6 
and Ar' = C 6 H 4 *CH 3 (p); but here the product was made in only 
one of the ways indicated in the above scheme, namely, from 
CHalN-CgH^CHg^) and 0!N*C 6 H 5 . It is most significant that the 
product was identified with N(C 6 H 4 -CH 3 ):CH*N(C 6 H 6 )*OH, which 
on alkaline hydrolysis gave azoxybenzene with no trace of azoxy- 
toluene (foe. cit., p. 2551—2552) and ^-toluidine. Here, be it 
noted, the aromatic radical in the original nitroso-compoimd 
reappears in attachment to oxidised nitrogen and the other, originally 
as methyl eneamine, as pure amine with unoxidised nitrogen . 

Returning to the crucial case where Ar — C 6 H 4 Br and 
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Ar' = C 6 H 4 C1: a product A, made from chloronitrosobcnzene 
and methylenebromoaniline, was identified with another, B, made 
from bromonitrosobenzene and methylene -p -chloroaniline (Ingold, 
loc . cit.), and both with a third product, C, which was made in 
quite a different way and certainly had the structure 
C 6 H 4 Cl*N(OH)-CH:N*C^H 4 Br. 

The last-mentioned gave pure p-bromoaniline when hydrolysed by 
alkali (Farrow and Ingold, loc. cit,, 2551, 2552). 

The present authors had good theoretical reasons for thinking 
it unlikely that such a ring would be formed at all in the addition 
process, and still more unlikely that such a ring, once formed, 
would break down exclusively in one direction. They therefore 
took up the re-examination of the product obtained by Ingold’s 
method from ^-chloromethyleneaniline and ^-bromonitrosobenzene. 
Observing that, even after recrystallisation from benzene, the 
product was not very well defined, and remembering that it might 
be isomorphous with its isomeride (from which it differs only in 
the interchange of place of chlorine and bromine), they decided to 
hydrolyse it with aqueous-alcoholic sodium hydroxide in the general 
way described by Farrow and Ingold (loc. cit., pp. 2547, 2548) and 
to examine the substituted aniline so formed. The resulting base 
solidified at once; even before recrystallisation it melted 67—69°, 
and after one crystallisation from light petroleum at 68*5—69°. 
(A sample of pure p-chloroaniline obtained from British Drug 
Houses Limited melted after similar treatment at 69*5—-70°; and 
a sample of pure p-bromoaniline after similar treatment at 
62—62*5°.) 

We are indebted to Dr. E. Chapman, who has had much experience 
in the determination of halogen by Robertson’s method, for an 
analysis of the base. 0*1068 Gram of the compound gave halogen 
equivalent to 8*23 c.c. of N/ 10-AgNO s . Formula C 6 H c NCl requires 
8*37 c.c. and C 6 H ft NBr requires 6*21 c.c. 

It is thus clear that the base was mainly jp-chloroaruline; the 
authors thought they detected a very small quantity of bromine 
in a careful qualitative test, but this would not be very surprising, 
as some reduction of the bromoazo-compounds during the original 
hydrolysis seemed quite possible. 

It is evident that a compound which yields mainly jp-chloro- 
aniline cannot possibly be identical with one which, as Farrow and 
Ingold stated, yields jp-bromoaniline with no trace of jp-chloro* 
aniline. That such a mistake could ever have been made is proof 
that the evidence on which Ingold relied was not trustworthy and 
it cannot be admitted that there is any good reason to suppose 
that his cycloids are formed at any stage. 
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If Farrow and Ingold are disposed to maintain their original 
view, then the onus of proof rests with them. An obvious and 
acceptable line of proof would be for them to prepare their 
compounds by both the methods in the scheme on p. 2234 and to 
show that these then give the same products in the same pro¬ 
portion when hydrolysed. 

In conclusion, the facts, so far as they have yet been fully 
established, are entirely consistent with polarity theories, all 
previous statements to the contrary notwithstanding {inter alia , 
Ingold, J., 1924, 125, 93; Ingold and Weaver, ibid., pp. 1457— 
1459). 

The University, Manchester. [Received, June 18th, 1925.] 


CCOIV *—The Properties and Constitution of Coal 
Ulmins. Studies in the Composition of Coal . 

By Wilerid Francis and Bichard Vernon Wheeler. 

We have demonstrated (this vol., p. 112) that bituminous coal 
consists essentially of a matrix of insoluble ulmins in which 
morphologically organised plant tissues and natural plant-substances 
devoid of morphological organisation, that have escaped ulmi- 
fication, are dispersed; * thereby confirming conclusions reached 
from other considerations (Tideswell and Wheeler, J., 1922, 121, 
2345; 1925, 127, 110). In some bituminous coals the proportion 
of plant entities, chiefly cuticles and spore exines, is as high as 
20% by weight, but in all bituminous coals the ulmins form the 
predominant material. Knowledge of their properties and con¬ 
stitution is therefore essential to an understanding of the composition 
of coal. We have sought to obtain this knowledge by both syn¬ 
thetic and analytical means. The present paper deals with the 
results of our analytical studies. 

The chief effect of mild oxidation on bituminous coal is to change 
the matrix of ulmins from a form insoluble in dilute alkalis to a 
soluble form, thereby allowing of their separation from the organised 
plant material associated with them and rendering possible their 
examination by the usual methods of organic analysis. Suitable 

* The matrix is not structureless, as was originally supposed, but close 
examination discloses, even in material selected as being a vitrain, a more or 
less pronounced structure, usually of woody tissue, such as a theoretically 
perfect vitrain should not possess. Such structures cannot, however, be 
separated from the coal mass intact j as can the cuticles and spore-exines, and 
they are ulmified. 
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mild oxidation can be effected by such reagents as hydrogen 
peroxide, or by exposure to air at 150°. 

No fundamental change in the structure of the ulmin molecule is 
made by such a mild oxidation, but the external groupings are 
modified, those most readily detached being eliminated as simple 
oxygenated compounds and their place being taken by carboxylic 
groupings. The internal or nuclear arrangement of the molecule 
of the soluble “ regenerated ” ulmin (i be . cit. } p. 123) is thus identical 
with that of the insoluble matrix of unoxidised bituminous coal, 
and from a knowledge of the constitution of the former the essential 
structure of the main mass of bituminous coal can be deduced* 

The change from insoluble to soluble ulmins is a gradual one. 
A moderate degree of oxidation will produce sufficient change in 
the external groupings of the ulmin molecule to render the matrix 
of bituminous coal soluble with difficulty in alkalis. As oxidation 
proceeds, more groupings are eliminated and the ulmins become 
more acidic in character and more readily soluble in alkaline or 
neutral solvents. A limiting condition is, however, eventually 
reached when all suitable external groupings have been eliminated. 
(In this connexion, compare Pearson, J. Soc. Chem.,Ind.> 1923,, 
42, 68t.) This stage is reached on oxidation by air at low tem¬ 
peratures. Further, carefully regulated, oxidation by hydrogen 
peroxide or nitric acid can cause a breakdown of the nuclear struc¬ 
ture of the ulmin molecule and it is by the identification of any 
simpler compounds resulting from such a breakdown that the 
character of the nucleus of the complicated ulmin molecule can be 
revealed. 

The Properties of Regenerated Ulmins .—Because the changes 
produced in bituminous coal by mild oxidation are gradual, the 
soluble ulmins produced are not homogeneous. They can be 
separated into a number of fractions by means of different solvents; 
but all the fractions are compounds of the same type and differ 
but slightly one from another in their analysis. We have not con¬ 
sidered it necessary to effect a separation of them for the major 
portion of the work described in this paper. 

The carboxyl groups produced by oxidation give to the soluble 
ulmins a definite acidic character allowing of salt formation. 
Amongst the insoluble salts that we have prepared are those of 
barium, iron, silver and copper. From the last-named an average 
value of 170 for the equivalent of the ulmins has been obtained, a 
figure which should be compared with that given by Sven Od6n, 
namely* 350, for soil ulmins (Proc, Faraday Soc., 1921). No con¬ 
venient method is at present available for determining the molecular 
weight (if the colloidal character of the substances admits of such 
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a determination), but from the value of the equivalent an expres¬ 
sion can be given of the contents of such determinable groupings 
as hydroxyl and carboxyl, and of nitrogen. The presence of 
hydroxyl groups has been proved by acetylation and benzoylation 
and by Grignard’s reaction. By hydrolysis of the acetyl derivatives 
the percentage of hydroxyl groups in the “ regenerated ” ulmins as 
an average has been found ,to be 2-5, or one hydroxyl group for 
each molecular unit of 680. Such a unit would contain four 
carboxyl groups, a supposition confirmed by a quantitative estim¬ 
ation of the methane evolved from the dry ulmin on treatment 
under suitable conditions, with Grignard’s reagent. 

It is significant that as the oxidation of coal proceeds, with the 
gradual formation of soluble ulmins, the nitrogen-content increases 
up to the point at which the whole of the coal matrix becomes 
soluble. Moreover, all the slightly modified types of regenerated 
ulmins that can be separated by means of organic solvents contain 
nitrogen in the same proportion. This element must therefore be 
an essential constituent of the nucleus of the ulmin molecule.* 
The percentage of nitrogen found, 2-20—2*25, would indicate the 
presence of one nitrogen atom in the molecular unit suggested. 

The presence of nitrogen as an essential constituent of the 
molecule renders it necessary to take account of this element in 
any theory regarding the origin of the coal-ulmins and lends par¬ 
ticular interest to the reaction between amino-acids and sugars 
discovered by Maillard (Ann. Chim. Phys 1916, 5, 258; 1917, 7, 
113) which results in the formation of ulmins. In the coal-forming 
process, from plant debris, the sugars may be derived from the 
celluloses of the cell-walls by enzyme or bacterial action and 
the amino-acids from the polypeptides in the protein matter of the 
cell contents. These reactions, whereby it is conceivable that the 
matrix of coal can be synthesised, are being studied by Mr. T. A. 
Buckley. 

Some information as to the character of the external groupings 
of the molecule of the regenerated ulmin is given by the results 
of regulated destructive distillation. On heating the ulmins in 
the manner described in the experimental portion of this paper, 
gas began to be evolved in small quantity at 160—170°. This gas 
consisted of the oxides of carbon in ratio C0 2 /C0 of 12 : 1. This 
ratio increased up to 300° and then rapidly decreased. Measurable 
quantities of hydrogen and saturated hydrocarbons were not 
evolved until about 450°. Water accompanied the oxides of 
carbon at the lower temperatures of distillation, but no other 

* A similar conclusion is to be drawn from the experiments of Monkhouse 
and Cobb (Trans. Inst . Gas. Mng, $ 1922) on the action of steain on coke. 
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liquid made its appearance until 550°, when a slight trace of oil 
could be detected. These results correspond in general character 
with those obtained with the peat ulmin, dopplerite (1 ideswell and 
Wheeler, J., 1922, 121, 2345). The striking similarity of the 
curves relating the evolution of gases with temperature (Fig* 1)> 
obtained with ulmins prepared from a vitrain and a durain respec¬ 
tively, confirms the deductions previously made (foe* cit,) that the 
matrix of a durain is essentially the same as that of a vitrain (or a 
clarain), differing from it . only as regards the character of the less 
important external groupings of the molecules. 


Fig. I. 



The Constitution of the Regenerated Ulmins ,—By breaking down 
the nucleus of the molecule, by the cautious use of hydrogen per¬ 
oxide or dilute nitric acid, simpler compounds can be obtained, the 
identification of which gives information as to the groupings within 
the nucleus. A number of such compounds have been identified. 
The extreme action of hydrogen peroxide on the regenerated 
ulmins results in the formation of water and the oxides of carbon, 
the nitrogen appearing quantitatively as ammonia. Intermediate 
action yields aliphatic dibasic acids, of which oxalic and succinic 
have been isolated in pure crystalline form, together with a number 
of acids having all the properties of benzene polycarboxylic acid& 
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The isolation and identification of all these acids can, however, 
more readily be effected by the use of dilute nitric acid, which 
yields water-soluble products, amounting to about 25% of the 
regenerated ulmin, consisting of aliphatic dibasic acids, aromatic 
acids and nitrophenols. The products so far isolated and identified 
are oxalic, succinic, picric and pyromellitic acid (benzene-1 : 2 : 4 : 5- 
tetracarboxylic acid), whilst there is evidence of the presence of 
trimellitic acid. (Fischer and Schrader, Brennstoff-Chem ., 1921, 2, 
213, obtained traces of aromatic carboxylic acids by the pressure 
oxidation of a bituminous coal at 200—250°.) 

The identification of picric and pyromellitic acids proves beyond 
question the presence of benzenoid rings in the nucleus of the 
regenerated ulmin molecules, and hence in the matrix of bituminous 
coal, for no part of our treatment of the coal has been such as to 
cause ring formation where none previously existed. Since such 
aliphatic acids as oxalic and succinic have also been obtained, 
whilst the nitrogen is clearly present in stable ring formation, it 
can be concluded that the nuclei of the ulmin molecules—which 
form the bulk of all bituminous coals—consist of compact systems 
of benzenoid groupings connected together by heterocyclic ring 
structures, such as pyrrole and furan or their derivatives. 

Experimental. 

Preparation of Regenerated Ulmins from Bituminous Coal.—A. 
vitrain was usually employed so as to avoid the complications 
introduced by the presence of plant debris and to obtain the maxi¬ 
mum yield of ulmins. The vitrain was finely ground and added to 
three times its weight of 100 vol. hydrogen peroxide. After a 
few minutes the mixture began to rise in temperature and the 
reaction tended to become violent. To moderate it, cold distilled 
water was added. The mixture was then heated at about 90° 
during several hours. The soluble ulmins thus formed were 
extracted with dilute sodium hydroxide solution and the residue 
was re-treated with hydrogen peroxide, the processes being repeated 
until no residue remained. 

As thus prepared, soluble ulmins from the vitrain of East Kirkby 
coal contained 0 68-8 and H 3*9%. Successive treatments of this 
material with hydrogen peroxide caused a reduction in the carbon 
and hydrogen contents until a limiting composition C 62*5 and 
ffi f‘&% was reached, similar figures being obtained with all the 
eo^exam^ vitrains, clarains, or durains). In obtain¬ 

ing this limiting composition, however, some destruction of the 
u lmins occurred and, since for subsequent examination a large yield 
rather than a homogeneous material was required, the usual 



CONSTITUTION OF COAL ULMINS. 


2241 


procedure was to check the oxidation as soon as solubility was 
attained. 

Solubility of the Begenerated Vlmins. —The non-homogeneous 
ulmins so obtained were fractionated by means of solvents and each 
fraction was examined separately. The solvents used, at their 
respective boiling points, were : Chloroform, ethyl alcohol, acetone, 
methyl ethyl ketone, pyridine, pentane, light petroleum, benzene, 
ether, and carbon disulphide. Only the first five of these had any 
marked solvent action. In Table I the percentage amounts 
extracted by each solvent, in the order named, from a number of 
samples of regenerated ulmins are recorded. 

Table I. 

Solubility of Begenerated XJlmins. 

Source of Begenerated Ulmin. 

East Kirkby East Kirkby vitrain 

vitrain. a-compounda.* 

East 

Sample Sample Kirkby Sample Sample Hamstead 


Solvent. A. B. durain. A. B. vitrain. 

Chloroform . 0*4 0*4 0*3 0-4 — *— 

Alcohol. 7*2 2*2+ 7-5 6-4 40-2 28*0 

Acetone . 3*8 12-2f 4-5 5-4 9-0 5*0 

Me Et ketone ... — 4*3 — — — —- 

Pyridine . 33*0 42*0 38-5 36-0 23*0 19*5 


* The term a-compounds refers to that portion of the coal that was 
insoluble in pyridine, 

t Order of extraction reversed. 

All the ulmins, except sample B from the East Kirkby vitrain 
a-compounds and the sample from the Hamstead vitrain, were 
obtained as soon as the treatment with hydrogen peroxide rendered 
the coals soluble in alkalis. The two exceptions were subjected 
to more prolonged oxidation. Analyses of many of these fractions 
are given in Table II. 

Table II. 


Analyses of Fractionated Vlmins. Per cent, on ash-free dry material . 


Fraction, 
imins prepared from: 

Carbon. 

Hydrogen. 

Oxygen and 
nitrogen (by 
difference). 

East Kirkby vitrain, alcohol-sol. 

64*4 

5*1 

30*5 

„ „ acetone-sol. 

66*6 

4*9 

28*5 

„ „ pyridine-sol. 

68*3 

4*5 

27*2 

„ „ a-compounds 

65*5 

4*8 

29*7 

alcohol-sol. 

„ >, a-compounds 

65*6 

4-6 

29-8 

acetone-sol* 

Hamstead vitrain, alcohol-sol. 

63*8 

4*1 

32-1 

„ ?, pyridine-sol. 

65*5 

3*7 

30*8 

VOL. OXXVII. 
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It will be seen that the compounds were all of the same type, 
the different degrees of solubility being caused presumably by 
slight modifications in the external groupings of the molecules. 
The amount extracted by each solvent depended upon the order 
of extraction and each fraction was to some extent soluble in the 
other solvents. In general it was found that the further oxidation 
with hydrogen peroxide had been carried the more soluble in such 
neutral solvents as alcohol and acetone were the products. 

The Preparation of Salts and Determination of the Equivalent .— 
Well-defined salts of barium, calcium, silver and copper were 
formed by the addition of a soluble salt of the metal to an ammo- 
niacal solution of the ulmin. The copper salt was used to determine 
the equivalent. For its preparation, excess of a boiling ammoniacal 
solution of copper hydroxide was added to the boiling ulmin solu¬ 
tion, the mixture well stirred and allowed to cool. The precipitate, 
which formed readily, was washed several times by decantation, 
filtered ofi and washed free from copper hydroxide with dilute 
, ammonia and finally with distilled water. The equivalent was 
calculated from the analysis of the dried salt and found to be : 
East Kirkby vitrain ulmin, 171; East Kirkby vitrain ulmin, fraction 
insoluble in pyridine, 164; East Kirkby vitrain oc-compound ulmin, 
165. 

Examination for Hydroxyl and Carboxyl Groups .—The presence 
of these groups in the regenerated ulmins was proved by the 
formation of an acetyl derivative, using acetic anhydride and 
sodium acetate, and by the formation of a benzoyl derivative, 
using benzoyl chloride in pyridine solution. The acetyl derivative 
was used to estimate the content of hydroxyl by determining the 
amount of acetic acid liberated on hydrolysis and steam distillation 
with benzenesulphonic acid. The ulmin from Hamstead vitrain 
was found to contain hydroxyl equivalent to 2*6%; and that 
from the East Kirkby vitrain 2-4%. 

Estimation of the total hydroxyl, including that in carboxyl 
groupings, was made by the use of Grignard’s reaction, 13*4% being 
found; whence the number of carboxyl groups is four times that 
of free hydroxyl groups. As was to be anticipated, methoxyl 
groups were not present. 

Nitrogen Content ,—During the production of regenerated ulmins 
by atmospheric oxidation there was a gradual increase in the 
nitrogen content of all the coals examined until a proportion of 
2*25% was reached. This figure was confirmed on analysis of the 
ulmins produced by the action of hydrogen peroxide. From 
whichever coal they were formed, and whichever solvent fraction 
was taken, the nitrogen content was about 2*25%. From this it 
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appears that most of the nitrogen of the nlmins (and of coal) resides 
in the nuclear groupings, which mild oxidation does not attack. 
Moreover, since there must be at least one nitrogen atom per 
molecule, it follows that the average molecular weight of the 
regenerated ulmin is not less than about 680. Suitable tests showed 
that the nitrogen was present in limited amount (not more than 
about 0*2%) as -NH 2 and -N*CH S , but the greater proportion was 
inert, suggesting that its chief mode of occurrence is in a closed 
ring compound. On the complete breakdown of such a ring, by 
the extreme action of hydrogen peroxide, the nitrogen is evolved 
quantitatively as ammonia. 

Destructive Distillation .—One gram of the regenerated ulmins 
prepared from the East Kirkby vitrain and durain respectively 
was destructively distilled in a horizontal glass tube attached to a 
Sprengel mercury pump. The temperature was raised by stages 
of 50°, each temperature being maintained constant during 24 hours 
or until all gas had ceased to be evolved. The results of examin¬ 
ation of the gaseous products are recorded in Tables III and IV. 

Explosion analysis in each instance showed the paraffin hydro¬ 
carbon present to be methane only. 

In Eig. 1 the volumes of the principal gases evolved per gram of 
material are plotted against temperatures of decomposition. These 
curves should be compared with that obtained by Tideswell and 
Wheeler (loc. cit.) on the destructive distillation of the peat ulmin, 
dopplerite. 

Oxidation of Degenerated Vlmi'ns .—The action of hydrogen per¬ 
oxide on the regenerated ulmins was in some instances continued 
with the intention of breaking down the nucleus of the large ulmin- 
molecule, so as to obtain compounds of smaller molecular weight 
from which the internal structure of the ulmins could be deduced. 
The intense action of hydrogen peroxide was difficult to regulate, 
resulting most often in the production of water, ammonia and the 
oxides of carbon, many compounds, the isolation of which would 
have been of value, having only a transient existence. Never¬ 
theless, good yields of oxalic and succinic acids were obtained and 
separated by fractional crystallisation. Other crystalline products, 
apparently polybasic acids, await identification. In addition, small 
quantities of acids have been obtained having all the properties of 
benzene poly carboxylic acids. 

A more satisfactory reagent with which to effect the breakdown of 
the regenerated ulmin molecule, since its action could more readily 
be controlled, was found to be 30% nitric acid. The reaction was 
carried out in a flask with reflux condenser, at first without external 
heat and later by boiling during 12 hours. The soluble products 

4»2 



Destructive Distillation of Regenerated Ulmins from East Kirkby Vitrain * 

(One gram of material, containing 2*1% of ash.) 
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ere then distilled in steam, the distillate containing acetic acid, 
he residue was heated on a water-bath to remove the last traces 
l nitric acid, the product thus obtained being a pale yellow, spongy 
Lass, completely soluble in ether and amounting to about 25% of 
le original ulmin. By benzene extraction, picric acid, 3% on the 
riginal ulmin, was obtained, its identification being effected by 
le method of mixed melting points and by the preparation of a 
aphthalene derivative, m. p. 149°* 

By means of their lead, silver and barium salts the remainder of 
le soluble products of the action of nitric acid on regenerated ulmins 
-ere separated. Oxalic acid was obtained in pure crystalline form, 
hilst other products, nearly pure but difficult to crystallise, were 
enzene tri- and tetra-carboxylic acid. Symmetrical benzene- 
stracarboxylic acid (m. p. 264°, with decomposition) has been 
iolated in a pure form by slow crystallisation from acetic acid, 
ad its methyl ester, m. p. 138°, formed. The tricarboxylic acid 
ppears to be trimellitic acid, but it has not yet been obtained in 
ifficiently pure crystalline form to identify. 

The presence of picric acid and these benzene polycarboxylic 
oids in the products, whilst proving the existence of aromatic 
uclei in coal, does not necessarily confirm the theory of Fischer 
ad Schrader (Brenn. Chem 1922, 3, 161) as to the origin of coal 
xclusively from lignin; for Marcusson’s explanation (Ber,, 1921, 
4, 542) of the formation of ulmins from sugars through furfural 
3 an intermediary equally allows of there being benzene nuclei in 
le products, the condensation of the furfural derivative to a 
eridifuran compound resulting in a substance containing both 
iran and six-membered rings. 

The work of isolating further compounds resulting from the 
reakdown of regenerated ulmins from bituminous coal is being 
Dntinued. Our thanks are due to the Safety in Mines Research 
loard for permission to publish these results. 

Safety in Mines Research Board Laboratories, 

Sheffield. [Received, July 25*//, 1025.] 


!CCV .—The Coagulation of a Colloidal Solution hy 
Hydrogen Ions . 

By Alan B. Weik. 

svestigations have been recently carried out in America into 
ne of the chief problems met with in the study of the precipitation 
E suspensions, emulsions, and colloidal solutions by electrolytes i 
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namely, whether the active agent is the ion carrying a charge of 
sign opposite to that of the colloid particles, or whether there is a 
peptising or stabilising effect due to the other electrolyte ion, the 
charge of which is of the same sign as that carried by the colloid. 

Tartar and Gailey ( J . Amer . Chem . Soc 1922, 44, 2212) studied 
the precipitation of gamboge and mastic suspensions, in the first 
case by acids. These are negative suspensions, and the active 
agent should therefore be the hydrogen ion. The minimum con¬ 
centration of acid for complete precipitation of the suspensions 
was found in the case of five acids : hydrochloric, sulphuric, oxalic, 
acetic, and phosphoric. The amounts of acid required differed 
considerably from acid to acid, but the hydrogen-ion concentration 
of the supernatant liquid, i.e,, of the medium from which coagul¬ 
ation had just taken plac* was, “ within the limits of experimental 
error/’ the same in each case. The conclusion drawn from these 
and further experiments described in the same paper was that the 
“ so-called stabilising effect ” of the anion (on negative suspensions) 
could not be detected, and, further, that the irregularities often 
attributed to this effect were due, even in the case of coagulation 
by neutral salts, to the important factor of hydrogen-ion con¬ 
centration. 

Bradfield (/. Amer. Chem. Soc., 1923, 45, 1243), using a clay 
suspension, confirmed these results for several acids, which pre¬ 
cipitated at an almost uniform of 3*8, but found that citric 
acid was consistently abnormal, requiring a of 3-2. 

The author has therefore investigated the applicability of this 
rule to a true colloidal solution of negative sign, noting whether 
the abnormality of citric acid recurred. 

^ Experimental. 

The sol chosen was one of Prussian blue, as preliminary work on 
various arsenious sulphide sols showed that they could not be 
completely precipitated either with citric or acetic acid. 

The sol was prepared by slowly adding 0*4 g. of potassium ferro- 
cyanide, dissolved in 20 c.c. of water, to 04 g. of ferric chloride 
in 20 c.c. of water, filtering off the dye, washing, peptising with a 
solution of oxalic acid (16 g. in 300 c.c. of water), and dialysing 
till free from oxalic acid. The sol was then diluted to 700 c.c. 

Procedure .—The precipitation of the sol by four acids, hydro- 
chloric, sulphuric, acetic, and citric, was examined. The minimum 
concentration of each acid required for complete coagulation of 
tiie sol was found in the usual maimer. Graded amounts of the 
stock acid solutions were placed in test-tubes and accurately diluted 
to 10 c,c., then 10 c.c, of the sol were added, the whole was mixed 
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by pouring, and kept for 48 hours (for this sol flocculates slowly). 
The amounts of the acids required (per 20 c.c, of mixture) were 
thus found with an accuracy of 0*1 c.c. 

‘ In the case of the four critical concentrations, the supernatant 
liquid, after the dye had been precipitated, was poured off, and 
its hydrogen-ion concentration ascertained by means of a Clark 
hydrogen electrode. For standards, saturated and A/10-calomel 
electrodes were used. 

In order to see whether any pronounced adsorption of the acid 
on the colloid had taken place, identical acid mixtures were simi¬ 
larly examined in absence of any colloid, i.e., with 10 c.c. of water 
substituted in each case for the 10 c.c. of sol used previously. 

Cone, in p& of medium 

milli-equivs. after _ pn of 


Acid. per litre. precipitation, acids alone. 

Hydrochloric . 17-1 1*88 1*80 

Sulphuric . 26-0 1*80 1*78 

Acetic . 1800 2*27 2*17 

Citric . G42 1-01 1-83 


The results show : 1. An agreement in values, in the case 
of three of the acids, which is as good as has yet been attained 
by this method. Such discrepancy as exists the author believes 
to be due to the difficulty of deciding whether “ complete pre¬ 
cipitation ” has taken place or not, which might be overcome by 
the use of some form of colorimeter. 

2. That citric acid appears to behave normally, contrary to what 
was found by Bradfield. 

3. That some adsorption, either of hydrogen ions or acid mole¬ 
cules, on the precipitating colloid has taken place (compare third 
and fourth columns). 

4. That acetic acid precipitates at a p K distinctly lower than 
that of the other acids. This may be due either to a specific adsorp¬ 
tion of the anion, or to the action of the undissociated acid molecules 
present at such a relatively high concentration. 

Effect of the Oxalic Anion .—In the usual preparation of Prussian 
blue sols the dye is peptised by a solution of oxalic acid. A strong 
specific adsorption of the oxalic ion is inferred. Consequently, 
precipitation of such sols by means of oxalic acid solutions would 
not be expected. The sol already studied was not affected at all 
by concentrations of oxalic acid up to 100 milli-equivs. per litre. 
With the object of investigating the effect of the oxalic ion, a 
Prussian blue sol was prepared without the aid of oxalic acid, 
and its precipitation carried out. The dye was prepared exactly 
as before, thoroughly washed, and a sol obtained by repeatedly 
grinding the solid with water and filtering. The sol was dfctate, 
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but perfectly stable after standing for 3 weeks. Analysis showed 
it to contain 0-072 g. of solid per litre. The stock solutions were 
N -oxalic and 0T1 A'-hydrochloric acid, and the technique was the 
same as that described above. Precipitation by oxalic acid occurred 
at a high, but quite definite concentration, whereas only a very 
small amount of hydrochloric acid was required. The pu of the 
precipitating medium was observed as before. 


Cone, in Pk of medium 

Acid. milli-equivs. per litre. after precipitation. 

Hydrochloric . 1*1 2-63 

Oxalic ... 303 to 404 0-91 to 0*79 


In the case of oxalic acid, precipitation was partial at the lower, 
but complete at the higher, concentration. The critical concen¬ 
tration lies between these two values. At a concentration of 202 
milli-equivs. of oxalic acid per litre the sol showed no signs of 
precipitation after several days. 

In view of the peptising effect of this acid, already referred to, the 
possibility of its use as a precipitant is interesting. Once precipitated 
by this acid, the dye could not be peptised by shaking with the 
precipitating mixture, whereas precipitates produced by other acids 
were readily peptised by adding a solution of oxalic acid and shaking. 

In the high concentration and values which oxalic acid 
demands for flocculation of the dilute sol, a strong protective 
adsorption of the anion is indicated. 

My thanks are due to Mr. A. E. Clarence Smith for his advice 
and assistance. 

Univebsity College, Southampton. [ Received, July 25th t 1925.] 


CCCVL —The Constitution of the Thionic Acids . 

By Israel Vogel. 

Although the problem of the constitution of the thionic acids 
has occupied the attention of many investigators (compare Eordos 
and Gelis, Compt. rend., 1842, 15 , 920; Blomstrand, “ Chemie der 
Jetztzeit,” p. 157; Mendel6ev, Ber., 1870, 3 , 870; Michaelis, 
Armcden, 1873, 170 , 37; Spring, Ber., 1874, 7 , 1161; Debus, 
J., 1888, 53 , 280; Hertlein, Z. physikal. Chem., 1896, 19 , 286; 
Biesenfeld and Eeld, Z. anorg. Chem ., 1921, 119 , 225; Martin and 
Stetz, ibid., 1923, 127 , 82; Benrath, Z. cmgew. Chem., 1922, 35 , 33; 
Rasclhig, “Schwefel und Stickstoffstudien,’’ 1924, p. 305; Vogel, 
Chem. News, 1924, 128 , 325, 343, 361; Vogel, Thesis, 1925, Uni¬ 
versity of London; the last-named contains a complete review of 
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the literature), it cannot be said that a final or even a satisfactory 
solution has yet been attained. 

In the course of an investigation of sulphur sesquioxide (Vogel 
and Partington, this vol., p. 1514) it became evident that none of 
the formulae hitherto proposed could give a rational explanation of 
the experimental facts recorded therein. For example, the gradual 
increase with time of the relative quantities of tetra- and penta- 
thionates in the products obtained by the interaction of sulphur 
sesquioxide with water, with sodium ethoxide, and with the blue 
solution obtained by the dissolution of sulphur in 65% oleum, 
respectively, and also the almost exclusive formation of trithionate 
in the reaction between concentrated potassium acetate solution 
and a solution of sulphur sesquioxide in oleum, were some of the 
facts for which an explanation had to be found. In addition to 
these, the liberation of two atoms of sulphur from pentathionates 
by bromine and by mercuric cyanide (Debus, loc. cit.), and by 
mercuric chloride (Sander, Z . angew. Ohm 1916, 29, 11; compare 
Riesenfeld and Feld, loc. cit.), the separation of one atom of sulphur 
from pentathionates on treatment with cold sodium carbonate 
solution (Raschig, op. cit., p. 273), the conversion of tetrathionates 
into pentathionates by acidified sodium thiosulphate solution and 
the formation of dithionates by the action of acid potassium per¬ 
manganate solution on trithionates (Raschig, op. cit.), the strong 
acidity of the thionic acids and the non-formation of complex-ions 
with mercury or silver salts (Hertlein, loc . cit.), the difference in 
refractivity corresponding to bivalent sulphur between two con¬ 
secutive thionates, e.g., between K 2 S 4 0 6 and K 2 S 5 0 6 , are some of 
the chief experimental facts the interpretation of which is not 
possible on any one set of formulae. 

The following formula, which are in agreement with experiment, 
are proposed for the thionic acids : 


SCVOH q<f S(VOH 

S0 2 «0H so 2 -oh 

Dithionic acid. Trithionic acid. 


so 2 *oh 

Tetrathionic acid. 


B - s - b< so;.oH 

Pentathionie acid. 


It might he of interest, in view of the controversy as to the 
relative stabilities of the thionic acids (compare Riesenfeld and 
Feld, loc. cit.; Foerster and Hdmig, Z. tmorg. Chem., 1922, 125, 
86), to point out that according to the above formulae the relative 
stabilities should decrease in the order di-, tri-, tetra-, and penta- 
thionic acid. This is in accord with the thermochemical measure¬ 
ments of Martin and Metz (ibid., 1923, 127, 83). 

East London College, 

University of London. [Received, August Sth, 1026.] 
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CCCVII.—meso -Thioanthracene Derivatives , Part II. 
Dianthranyl Disulphide and Dianthranyl Tetra- 
sulphide . 

By William Herbert Cooke, Isidor Morris Heilbron, and 
George Hugh Walker. 

The action of the equivalent amount of sodium hydrosulphide 
(2 mols.) upon 9 :10-dibromoanthraeene in amyl-alcoholic solution 
has been shown (Heilbron and Heaton, J., 1923, 123, 173) to give 
rise to a complex series of meso-thioanthracene derivatives, but 
the conditions attending the production of any particular com¬ 
pound were obscure, as successive precisely similar experiments 
did not invariably lead to the same substances. In continuing this 
investigation, the effect of employing a large excess of sodium 
hydrosulphide (4 mols.) was first studied, as it was hoped thus to 
be able to isolate the disodium salt of the hypothetical 9 ; 10-dithiol- 
anthracene (I), which, as previously stated, is to be regarded as 
the initial product. Actually, however, the reaction proceeded in 
a wholly different direction, the pipduct containing 30—40% of 
dianthranyl disulphide (IH) (Friedlander and Simon, Ber. } 1922, 
55, 3969). 


C e H 4 <T>C e H 4 

(!■) Jnrr 


C 6 H 4 <I>C 6 H 4 

(II*) g (3 


0 

C 6 H 4 <i>C 6 H 4 


The presence of this compound in such large quantities harmonises 
well with the view that 9 :10-dithiolanthracene truly represents the 
first stage in the reactions. Its formation is doubtless the result 
of reduction of the dithiolanthraeene to 9-anthranyl mercaptan (II) 
during the course of the reaction, followed by oxidation of the 
Sa&ter substance to the disulphide during the working-up process 
*(see experimental part). In addition to dianthranyl disulphide a 
►compound containing neither sulphur nor halogen was isolated 
.and to this the structure (IV) has been assigned on the grounds 
that on reduction it yields both anthranol and anthracene. It is 
probably formed from 9-anthranyl mercaptan by hydrolysis and 
is the oxygen analogue of the dianthranyl sulphide (loc. cit.). 

The effect of employing less than one equivalent of sodium 
hydrosulphide was tike production of a large quantity of dithio- 
heptaeyclene (V) (80—90% yield); which is invariably produced 
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in 10% yield -when equivalent quantities of sodium hydrosulphide 
and 9 :10-dibromoanthracene are employed (loc. cit .). 



The effect of sodium sulphide, sodium disulphide, and sodium 
polysulphides upon dibromoanthracene has also been examined. 

Sodium sulphide. When the equivalent quantity of this salt 
was used, the dibromoanthracene ceased to separate from the amyl- 
alcoholic solution after 3 days’ continuous boiling; the products 
were unchanged material and small quantities of dianthranyl 
disulphide and anthracene. Even when a considerable excess of 
sodium sulphide was present, very little change was noted on 
simply boiling the reactants under reflux, but on heating in an 
autoclave for 2 hours at 150°, the dibromoanthracene was com* 
pletely converted into dithioheptacyclene. 

Sodium disulphide. On refluxing a solution of the reactants in 
amyl or butyl alcohol the dibromoanthracene rapidly disappeared; 
after 8 hours, the solution was deep red and addition of small 
quantities of water precipitated practically pure dianthranyl 
disulphide (average yield: 60%). When ethyl alcohol was used 
as solvent, dibromoanthracene was recovered even after 3 days’ 
boiling. On the other hand, by heating the reactants with amyl 
alcohol in an autoclave for 4 hours at 200° a yellow, amorphous 
compound (insoluble in all media) was formed to which the con¬ 
stitution (VI) has been tentatively assigned. Its formation may 
be attributed to a fusion of the anthracene molecules with loss of 
hydrogen bromide in an analogous manner to that leading to 
dithioheptacyclene. 

Sodium poly sulphides. On treatment of 9 :10-dibromoanthracene 
in boiling amyl-alcoholic solution with this mixture of salts, in 
which the tetrasulphide is probably the main constituent, a good 
yield was obtained of the substance to which Heilbron and Heaton 
(loc. cit.) had assigned the dithiodianthrone disulphide structure 
(VII) on the grounds that it was soluble in boiling alcoholic potash, 

(vn.) [S0<gg>CH.S-] a [HS-C<§«|[C>C*S-] 

6 4 4f**2 
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supposedly existing in the solution as the potassium salt of the 
tautomeric dithiodianthranol derivative (VIII). Owing to the ease 
with which this substance can now be obtained, it has been possible 
to make a more detailed examination of its properties. The action 
of boiling alcoholic potash has been confirmed in so far as the 
substance dissolves completely on boiling, forming a blood-red solu¬ 
tion. In no case, however, could the original compound be recovered, 
for on acidification by means either of dilute acetic acid or of 
carbon dioxide in ice-cold solution, hydrogen sulphide was evolved 
and dianthranyl disulphide produced. It is impossible to reconcile 
the ready formation of the disulphide in this way with the structure 
(VIII), and it would appear that the true constitution of t his com¬ 
pound is that of an organic tetrasulphide the structure of which 
could be expressed by one or other of the following formulae : 

Ci 4 H^-S-C 14 H 9 C 14 H 9 -S-S-S-C u H 9 c u h 9 -s-s-s-s-c u h 9 

SS (IX.) S (X.) (XI.) 

Holmberg (Annalen, 1907, 359, 81), in a critical review of the 
structure of organic tetrasulphides, comes to the conclusion that 
the straight-chain type is the most probable, and in the case of 
the compound under review, (XI) is wholly in keeping both with 
its method of formation and with its ease of decomposition. Again, 
an attempt to form a methiodide by boiling the dianthranyl tetra¬ 
sulphide with methyl iodide failed, and this is in agreement with 
the results obtained by Smythe and Foster (J., 1910, 97, 1197) 
in their work on benzyl tetrasulphide. 

Experimental. 

Treatment of 9 : 10-Dibromoanthracene, with Excess of Sodium 
Hydrosulphide.—Dianthranyl disulphide (III), A solution of sodium 
amyloxide (sodium 9 g., amyl alcohol 1000 c.c.) was saturated 
with dry hydrogen sulphide with precautions against clogging. 
9 :10-Dibromoanthracene (30 g.) was then added and the mixture 
heated to boiling, the stream of hydrogen sulphide being main¬ 
tained throughout the whole reaction. The solution became light 
red and then dark brown; after 12 hours, no 9 :10-dibromoanthra- 
cene separated on cooling. No dithioheptacyclene was thrown out 
of solution, as was invariably the case when the equivalent quantity 
of sodium hydrosulphide was employed (Heilbron and Heaton, 
^i). The cold amyl-alcoholic solution was shaken with water 
to remove inorganic salts, and the brown precipitate thereby 
produced was removed, dried, and repeatedly crystallised from 
benzene, dianthranyl disulphide being obtained in orange prisms, 
m. p. 223°. On treatment with zinc dust and glacial acetic acid, 
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it was readily reduced to 9-anthranyl mercaptan, m. p. 90° (Fried- 
lander and Simon, loo . cit .) (Found: 0, 80*1; H, 4*3; S, 15*0. 
Calc., C, 80*4; H, 4-3; S, 15*3%). In later experiments, it was 
found that the yield of dianthranyl disulphide could be considerably 
increased (40% calculated on the dibromoanthracene) by cutting 
off the current of hydrogen sulphide during the heating process. 
Experiments were carried out substituting 9 :10-dichloroanthracene 
for the bromo-derivative, potassium for sodium, and butyl alcohol 
for amyl alcohol, but with none of these variations was the yield 
of disulphide so satisfactory. 

Dianthranyl oxide (IV). The amyl-alcoholic mother-liquors from 
the above experiment were dried over anhydrous sodium sulphate 
and concentrated; the yellow substance that slowly separated from 
the cold solution proved extremely troublesome to crystallise, but 
was ultimately obtained in long, straw-coloured needles from 
alcohol, m. p. 213° (Found: C, 90*6; H, 5-0. C 28 H 18 0 requires 
C, 90-8; H, 4*9%). Dianthranyl oxide was not affected by alkalis 
alone, but on reduction with zinc dust and hot sodium hydroxide 
solution it yielded anthracene (identified as the picrate) and 
anthranol, m. p. 120° (not sharp) (compare Meyer, AnnaUn , 1910, 
379, 37). Like so many of these derivatives, dianthranyl oxide 
was not invariably obtained in all the experiments carried out 
and it has been impossible to ascertain the exact conditions of 
formation. 

Treatment of 9 : 10-Dibromoanthracene with less than one Equivalent 
of Sodium Hydrosulphide .—When less than 1 equivalent of sodium 
(2 g, Na : 20 g. dibromoanthracene) was used under the conditions 
described in the first experiment, dithioheptacyelene began to 
separate after 6 hours; the reaction was completed after 9 hours 9 
boiling. The product was purified as described in Part I (yield 
80-90%). 

Action of Sodium Sulphide. —9:10-Dibromoanthracene (15 g.) 
was added to a solution (300 c.c.) of sodium sulphide (16 g.) pre¬ 
pared by mixing solutions of equivalent quantities of sodium 
hydrosulphide and sodium amyloxide in amyl alcohol. Very little 
change occurred on heating at 140°, and even after 2 days’ boiling 
the bulk of the dibromoanthracene separated on cooling, The 
mixture was therefore heated in an autoclave at 150° for 2 hours. 
On cooling, dithioheptacyelene separated in almost quantitative 
yield (Found: C, 80*8; H, 3-9; S, 15*2. Calc., C, 80*8; H, 3*8; 
S, 15*4%). Using only the equivalent quantity of sodium sulphide 
had very little effect, a small quantity of dianthranyl disulphide, 
together with anthracene and unchanged dibromoanthracene, being 
obtained after 3 days 9 boiling. 
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Treatment of 9 : lO-Dibromoanthracene with Sodium Disulphide ,— 
Dianthranyl disulphide . A solution of sodium amyloxide (300 c.c.) 
containing 6 g. of sodium was converted into sodium sulphide as 
described above, and the theoretical quantity of powdered sulphur 
(4 g.) added. The mixture was gently boiled for 3 hours together 
with dibromoanthracene (15 g.), the colour becoming light red 
and finally dark brown. The solution was filtered from a small 
residue of unchanged 9 : 10-dibromoanthracene, the filtrate distilled 
to remove as much amyl alcohol as possible, and then steam-dis¬ 
tilled. The residual light red alkaline solution contained a .deep 
brown semi-solid mass which quickly solidified. After six crystal¬ 
lisations from benzene in presence of animal charcoal, orange crystals 
(m. p. 223°) of dianthranyl disulphide were obtained (weight of 
crude product: 10 g.). 

By employing butyl alcohol (b. p. 116°) in place of amyl alcohol 
and heating for 8 hours, the whole of the dibromoanthracene was 
utilised and a dark red solution resulted from which the dianthranyl 
disulphide was completely precipitated by treatment with small 
quantities of water. By adopting this method, resin formation 
was prevented and an average yield of 60% of dianthranyl 
disulphide, calculated on the weight of the dibromoanthracene 
used, resulted (Found : C, 80*3, 80*1; H, 4*5, 4*6; S, 15*0. Calc., 
C,80*4; H, 4*3; S, 15*3%). 

ms-Dibromodiheptacyclene disulphide (VI) was obtained by heating 
a mixture of 9 :10-dibromoanthracene (15 g.), crystallised sodium 
disulphide (5 g.), and amyl alcohol (1000 c.c.) in the autoclave for 
4 hours at 200°. The yellow, amorphous product was boiled with 
water to remove inorganic matter and again, after drying, with 
xylene to remove unchanged dibromoanthracene. It was insoluble 
in all organic solvents and resisted reduction and the action of 
boiling alcoholic potash (Found: C, 72*5; H, 3*5; S, 6*7} Br, 
17*4. C 56 H 28 Br 2 S 2 requires C, 72*7; H, 3*0; S, 6*9; Br, 174%). 

Dianthranyl Tetrasulphide (XI).—A sodium polysulphide mixture 
was prepared by slowly heating hydrated sodium sulphide 
(Na^S>9H 2 0; 60 g.) with finely powdered rock sulphur (24 g. 
for 2 hours at a maximum temperature of 150°. The fused orange 
melt was cooled and while still syrupy was added to 9 :10-dibromo¬ 
anthracene (40 g.) dissolved in amyl alcohol (700 c.c.); after being 
heated under reflux for 2 days, the solution was deep red. On stand- 
ir^ over-ni^t or longer, dianthranyl tetrasulphide separated. After 
boiling with water to dissolve inorganic matter, it was crystallised 
from benzene, separating in yellow spangles, m. p. 190° (Heil- 
bron and Heaton, lob, cit, give m. p. 194°) (yield: 33%). If the 
amyl alcohol is impure or if the crude polysulphide is allowed to 
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solidify before addition to the amyl-alcoholic solution, a quantity 
of free sulphur is deposited with the dianthranyl tetrasulphide, 
rendering purification extremely difficult. The identity of this 
compound with Heaton and Heilbron’s dithiodianthrone disulphide 
(VIII) was proved by mixed melting-point determinations and by 
analysis (Found: C, 69*9, 69*9; H, 4*2, 4*0; S, 26*2. Calc., 
0,69*7; H, 3*7 ; S, 26*5%). 

Dianthranyl tetrasulphide was boiled with alcoholic sodium 
hydroxide for 3 hours, and the hot, deep red solution filtered and 
set aside; dianthranyl disulphide was slowly deposited. A repeat 
experiment was carried out, but in this case the filtrate, which 
was immersed in powdered ice, was acidified with dilute acetic 
acid; hydrogen sulphide was evolved and a buff-coloured pre¬ 
cipitate of dianthranyl disulphide separated. That the tetrasulphide 
is decomposed by the alkali to give in the first place 9-anthranyl 
mercaptan was proved by the actual isolation of this compound 
from the reaction mixture in which the heating was suspended 
immediately the dianthranyl tetrasulphide had gone into solution. 
The hot solution was rapidly saturated with carbon dioxide and 
the residue washed with hot water to remove sodium carbonate. 
After drying, it separated from light petroleum in yellow crystals, 
m. p. 90°, which were freely soluble in dilute aqueous sodium 
hydroxide and readily oxidised by potassium ferricyanide solution 
to the disulphide. 

The University, Liverpool. [Received, July l Sth, 1925.] 


CCCVIII .—The Reaction between Sodium Hypobromite 
and Carbamide . 

By Maxwell Bruce Donald. 

The reaction between carbamide and sodium hypobromite may be 
represented as: 

C0N 2 H 4 + 3NaOBr C0 2 + + 3NaBr + 2H 2 0, 

but in actual practice it is found that it never goes to completion. 
The course of the reaction can be followed by estimating (1) the 
amount of nitrogen evolved, (2) the amount of hypobromite decom¬ 
posed, or (3) the amount of carbonate formed. All these methods 
give substantially the same results and indicate that, with the 
usual methods of performing the experiment, the reaction goes only 
to about 90% of completion. ^ 

The incompleteness of the reaction has been attributed to various 
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causes, such as (1) the solubility of nitrogen in the hypobromite 
solution, (2) the formation of a compound of carbamide and bromous 
acid (Hufner, J. pr. Chem ., 1871, 3, 1), (3) the impurity of the 
nitrogen (Rayleigh and Ramsay, Phil. Trans., 1895, 186, A, 187; 
Rayleigh, Proc . Roy. Soc 1898, 64, 95; Krogh, Z. physiol. Chem., 
1913, 84, 379; Hurtley, Biochem. J 1921,15,11), (4) the formation 
of oxides of nitrogen in the solution (Faucoimier, Bull. Soc. chim., 
1880, 33, 102; Luther, Z . physiol . Chem., 1889, 13, 500; Krogh, 
loc. cit.). None of these explanations, however, is adequate (see, 
for example, Lescoeur, J. Pharm. Chim., 1919, 20, 305; Werner, 
J,, 1922, 121, 2318; Margosches and Rose, Biochem. Z 1923,137, 
542). 

The alternative suggestion (Fenton, J., 1878, 33, 300; P., 1895, 
138; see also Lescoeur, loc. cit. ; Margosches and Rose, loc. cit.) that 
the reaction does not go to completion because of the formation 
of sodium cyanate is supported by the evidence brought forward 
in the present communication. The work of Margosches and Rose, 
on which the view was based that the formation of sodium cyanate 
cannot be the chief cause of the nitrogen deficit, is inconclusive, 
since no account was taken of the composition of the hypobromite 
used. 

Experimental. 

The gasometric method was found to be unsatisfactory for two 
reasons. The usual solution (40% brominated 10A-sodium 
hydroxide)* was made by adding bromine to a sodium hydroxide 
solution cooled to below 0° and analysed for hypobromite by sodium 
arsenite and for total hypobromite and bromate by sodium thio¬ 
sulphate. The original solution was then kept for 20 hours and 
analysed again. Although there was no change in the thiosulphate 
titration, the hypobromite had been half converted into bromate 
over-night. The old hypobromite solution evolved about 3% more 
nitrogen from a carbamide solution than the freshly prepared 
hypobromite, This, as will be seen from subsequent results, is 
probably due to the decreased ratio of hypobromite to hydroxide. 

The other objection to this method is that the reaction between 
carbamide and hypobromite gives off a considerable amount of heat; 
in fact, Smith {Chem. News, 1895, 71, 259) used such heat as a 
basis for determining the amount of carbamide in urine. Wagner 
(Z. anal. Chem., 1874, 13, 383) suggests keeping the reaction vessel 
Under water; but the volume of gas only becomes constant 15 

* A hypobromite solution made by adding 25 e.c. of bromine (1 equiv.) 
to 100 g. of sodium hydroxide (2*5 equivs.) dissolved in water, and making 
up to 250 c.o. is described as a 40% brominated lO-W-sodium hydroxide 
solution. 
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minutes after the reaction, even when it is kept in a well-stirred 
thermostat. The factor generally given in text-books for 40% 
brominated lOA^sodium hydroxide is 0*92. Careful measurements 
with thermostat control, using freshly prepared cool hypobromite 
and applying air corrections to the volume of gas evolved, gave 
0*90, whereas the titration method shows that the factor should be 
0*87. 

More trustworthy results were obtained by estimating the hypo¬ 
bromite decomposed. The procedure was to add the carbamide 
solution slowly to the hypobromite, allow the reaction to proceed 
with occasional shaking for 5 minutes, dilute the reaction mixture 
to 500 c.c., and add about 20 c.c. of 3A r -hydrochloric acid and a 
solution containing about 5 g. of potassium iodide. The solution 
was kept for 2 minutes and then titrated with thiosulphate, with 
starch as an indicator. There was a certain tendency to tc reblue ” 
on standing. The difference between the amounts of thiosulphate 
required for this titration and for the hypobromite alone gives the 
equivalent amount of hypobromite which has been used up in the 
reaction. The carbamide was recrystallised three times from alcohol 
and dried at 100°. 

A number of experiments were undertaken to determine the 
chief factors which influenced this reaction at room temperature. 
Excess of hypobromite had no effect, confirming previous observa¬ 
tions on a similar reaction with ammonia (Analyst, 1924, 49, 375). 
The actual concentration of the hypobromite had no effect at 
moderate concentrations. Thus a 40% brominated 4A r -sodium 
hydroxide solution was diluted in steps down to 0-25JV without any 
effect on the reaction. In stronger solutions of hypobromite, there 
are secondary effects due to time changes in the hypobromite- 
hydroxide ratio to be allowed for. The chief factor at room tem¬ 
perature was the extent to which the sodium hydroxide had been 
brominated. 

Some of the experimental results obtained with carbamide and 
various hypobromite solutions are in Table I. The expression 
44 c.c. thio* required ” indicates the difference in thiosulphate 
required for a blank and that required after the carbamide has been 
added to the hypobromite. 

Similar results are obtained with hypobromite solutions prepared 
from sodium hydroxide as strong as 2 N. Both titration and gaso- 
metric methods show that the nitrogen deficit becomes greater as the 
percentage bromination increases until the hydroxide is 75% bromin¬ 
ated. At this point a sudden change occurs, the amount of gas 
evolved still decreases, but a slow oxidation sets in. After 30 minutes* 
an amount of hypobromite is used up which is about equivalent to the 
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Table I, 


Sodium thiosulphate 0*1963#. Sodium hydroxide 0*496#. 5 C.c. of carb¬ 

amide solution contain 0*075 g., which is equivalent to 38*3 c.c. of 
thiosulphate. 

ii •_ _• _ ji _ „ n _v_ 


No. of 

- 

% 

C.c. 

of thio. required after 

Carbamide 

decomposed 

sol. 

Brominated. 

5 mins. 

15 mins. 

30 mms. 

o/ 

/o* 

1 

15 

34*2 

— 

— 

89*3 

2 

30 

33-8 

— 

— 

88*4 

3 

45 

33*1 

— 

— 

86*4 

4 

60 

31*0 

31*1 

30*9 

81*0 

5 

75 

29*7 

29*1 

29*4 

77-6 

6 

80 

29*2 

37 *5 

38*7 


7 

85 

33*5 

38*6 

37*8 


S 

90 

35*1 

37*7 

38*7 


9 

95 

36*5 

37*9 

38*5 


10 

97*5 

— 

4*2 

4*0 


quantity of carbamide taken (i.e., 38*3 c.c. 

of thio.). 

When the 


sodium hydroxide is completely brominated, there is no gas evolution 
and no hypobromite is used up. 

Sodium cyanate was prepared by the method of Leuchs and 
Geserick (Ber., 1908, 41, 4171) from urethane and sodium in boiling 
benzene and was twice recrystallised from pure alcohol. With 
it and with the same hypobromite solutions as before, the following 
results were obtained. 

Table II. 

5 C.c. of sodium cyanate taken contain 0*075 g,, equiv. to 17*7 c.c. of 

0*196#-thio. 

C.c. of thio. after 


No. of solution. 

% Bromination. 

5 mins. 

15 mins. 

5 

75 

— 

— 

6 

80 

0*4 

0*3 

7 

85 

0*4 

0*3 

8 

90 

1*0 

0*7 

9 

95 

17*9 

18*0 


There is no action of hypobromite on sodium cyanate below the 
composition 75% brominated. Above this value the hypobromite 
reacts slowly with the sodium cyanate, but with 100% brominated 
solutions there is a vigorous gas evolution from the mixture. 

, The figures for sodium cyanate (Nos. 7 and 8) do not show com¬ 
plete oxidation, as would be expected from the figures in Table I. 
Another series of experiments was therefore made with the same 
hypobromite solutions, using a mixture of carbamide and sodium 
cyanate. 

These figures point to the fact that the deficit of nitrogen is due to 
the formation of sodi u m cyanate and that with hypobromite solu¬ 
tions br omina ted to more than 75% and less than 95% a secondary 
oxidation of the sodium cyanate is induced only if carbamide is 
present. They also show that the rate of this secondary oxidation 
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Table III. 

5 C.o. of the solution contain 0*0375 g, each of carbamide and sodium cyanate, 
which are equivalent to 19*15 and 17*7 c.c. of 0*19 ON *thiosulphate 
respectively. 

C.c. of thio. required after 


No. of solution. % Bromination. 

5 mins. 

15 mins. 

4 

60 

16*2 

16*1 carbamide alone 

7 

85 

15*8 

28-5 

8 

90 

28*2 

28*4 


is greater with increase in the amount of bromination of the sodium 
hydroxide. Carbamide is not acted upon by 100% sodium hypo¬ 
bromite, as there is no excess of sodium hydroxide to decompose 
the compound which it probably forms with the bromine. 

The potential of a platinum electrode dipping into the various 
solutions shows that there is no marked change in the oxidising 
power except in the neighbourhood of completely brominated 
solutions. 

Table IV. 


No. of solution.. 1 3 5 7 9 10 

E.M.F. volt. -f 0*756 0*790 0*810 0*830 0*850 0*981 


Summary . 

The chief factor influencing the deficit of nitrogen in the reaction 
between carbamide and sodium hypobromite at room temperature 
is the extent to which the sodium hydroxide has been brominated. 
The effect of this variable has been studied for all brominations from 
0 to 100%. The reaction does not go to completion owing to the 
formation of sodium cyanate. The amount of sodium cyanate 
formed becomes greater as the ratio of hypobromite to hydroxide 
increases until it corresponds to 75% bromination, when it is 
oxidised in a secondary reaction. Sodium cyanate solutions are 
not appreciably oxidised by 75 to 90% hypobromite solutions except 
in the presence of carbamide. With pure hypobromite (i.e., without 
any excess of sodium hydroxide present) sodium cyanate solutions 
are vigorously decomposed. The experiments of Margosches and 
Rose proving that sodium cyanate is not formed in the reaction are 
inconclusive, since they do not take into account the effect of the 
composition of the hypobromite. The use of 10N -sodium hydroxide 
solutions for the estimation of carbamide gasometrically leads to 
inaccurate results. 

The author wishes to thank Professor J. C. Philip, F.R.S., for 
his kind advice and interest in this research. 

Imperial College of Science and Technology* 

South Kensington. [Received, May 16 th, 1925 .] 
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CCCIX.— Nitrosation of Phenols . Part II. Nitrosation 
of Z-Bromo2-Bromo-, Z-Iodo 2 -Iodo-phenol. 
Evidence for the Nitroso-formula of 'i-Nitrosophenol. 

By Herbert Henry Hodgson and Francis Harry Moore. 

The investigation now to be described, dealing mainly with the 
nitrosation of 3-bromo- and 3-iodo-phenol, supplements work on 

3- chlorophenol (J., 1923, 123, 2499). 

Unlike 3-chloro-4-nitrosophenol, 3-bromo-4-mtrosophenol is so 
sensitive to transformation that the qninoneoxime form is pro¬ 
duced in every solvent except ether. 3-Iodo-4-nitrosophenol has 
been obtained only in the qninoneoxime modifications. Geometrical 
isomerides of both compounds have been isolated which exhibit 
differences in colour (see also Kehrmann and Wolff, Ber., 1900, 
33, 1539; Kehrmann and Denk, ibid., p. 3297). Oxidation to the 
corresponding halogenated nitrophenols has established the 

4- positions of the nitroso-groups, and molecular-weight determin¬ 
ations the unimolecular character of the isomerides. 

2-Chloro- and 2-bromo-4-nitrosophenol were readily obtained by 
the general process for nitrosating m-halogenated phenols (loc. cit .); 
but from 2-iodophenol a tar was produced, and the nitroso-compound 
was obtained only by working at great dilution and in the presence 
of acetic instead of sulphuric acid. These three nitroso-compounds 
could not be converted into the quinoneoxime forms, the immobility 
of the phenolic hydrogen in proximity to a halogen atom being 
thus made manifest. 

A very fine specimen of nitrosophenol free from resinous matter 
has been prepared from phenol by the general nitrosation method; 
it melts at 133°, i.e 7° higher than the m. p. (126°) usually recorded. 
A specimen prepared 2 years ago is still in good condition. 

The data in the following table are claimed to support the view 
that 4-nitrosophenol is a genuine nitroso-compound and not a 
quinoneoxime. 

* M. p. of nitroso* 

Substance. compound. M. p. of quinoneoximes. 

Bhsnol 133° (126° recorded) 126° (prepared from benzoquinone) 

2-Chlorophenol 148° with decomp. — 

2-Bromophenol 150° „ „ — 

2- Iodophenol Decomp. 152° — 

3- ChIorophenol 135° with decomp. 172° and 178° 

3-Bromophenol 139° „ „ 189° and 190° 

3-Iodophenol —• Decomp. 185—195° 

2:5-Dichlorophenol 146° Decomp. 155—160° 

tf^Cuminol * 134° (4-mtroso-2:3:5- 184° 

trimethylphenol) 

* Nietzki and Schneider, Ber., 1894, 27, 1426. 
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Experimental. 

Nitrosation of 3-Bromo-, 2~Bromo~ i and 3 ~Iodo-phenol. —The 
method for preparing 3-chloro-4-nitrosophenol (J., 1923, 123, 
2502) was found generally applicable; the nitroso-compounds, 
however, formed gradually and separated, partly as pale yellow 
crystals (0*5—1 g.) and partly as tars, from which, after draining 
and washing with cold benzene, about 2 g. more of the products 
were obtained. 

3-BromoA-nitrosophenol dissolves readily in alcohol or ether and 
is moderately easily soluble in hot benzene or light petroleum, 
but almost insoluble in the cold solvent. It was obtained in 
yellow needles, m. p. 139° (decomp.), by addition of light petroleum 
to an ethereal solution (Pound : Br, 39*5; 1ST, 7*0. C 6 H 4 0 2 NBr 
requires Br, 39*6; N, 6*9%). 

S-Bromo-p-benzoquinoneA-oxime was obtained in red needles 
when the preceding compound was crystallised from benzene, 
dilute hydrochloric acid, and dilute alcohol; the three products 
melted and decomposed at 187°, 188°, and 186°. On recrystallis¬ 
ation from dilute hydrochloric acid, the quinoneoxime was obtained 
in orange needles, m. p. 188° (decomp.) (Pound : Br, 39*6; N, 7-1; 

M , cryoscopic in phenol, 189. C 6 H 4 0 2 NBr requires Br, 39*6; 

N, 6*9%; M y 202). All the solvents tried except cold ether effected 
the conversion. 

Action of Alkalis on o-BromoA-nitrosophenol. —The nitroso- 
compound dissolves in aqueous sodium hydroxide (10%) to a red 
solution which froths after a few seconds. If the solution is acidified 
immediately, a pale yellow almost colourless substance of m. p. 
189—190° (needles from benzene) is precipitated (Pound : Br, 
39*55; N, 7*2), but if it is kept for some time a dark-coloured sub¬ 
stance of indefinite m. p. is produced on acidification. Sodium 
carbonate effects the same transformation unaccompanied by 
frothing, or decomposition on short standing. 

Interconversion of the Geometrical Isomer ides. —Dissolution of tho 
orange form of the quinoneoxime in alkalis (unaccompanied by 
frothing), followed by acidification in the cold, produces the colour¬ 
less form, and crystallisation of the latter from dilute hydrochloric 
acid converts it into the orange isomeride. 

LiebermanrCs Nitroso-reaction. —All three products gave identical 
results owing to the ready conversion of two of them into the acid- 
stable form. To 0*05 g. of each isomeride, 0*1 g. of phenol and 
1 c.c. of concentrated sulphuric acid were added. The solutions 
were deep green and became brownish-red on dilution and then 
violet on addition of sodium hydroxide. 
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Oxidation of Z-Bromo-k-nitrosophenol and its Tautomerides to 
3-BromoA-mtrophenol. —Oxidation proceeds much more readily 
than in the case of 3-chloro-4-nitrosophenol. A solution of 0*5 g. 
of any one of the three isomerides in water (100 c.e.) containing 
potassium ferrieyanide (5 g.) and sodium hydroxide (5 g.) was 
kept for 48 hours at room temperature and then acidified with 
dilute sulphuric acid (25%). The solution was filtered, shaken with 
ether, the solvent removed from the extract, the residue treated 
with a minimum of aqueous sodium hydroxide (10%), and the 
alkaline solution acidified in the cold with concentrated hydro¬ 
chloric acid; the brown precipitate thus obtained crystallised from 
benzene in almost colourless needles, m. p. 131° (Auwers and Deines, 
loc. cit.> give m. p. 130—131°) (Found : Br, 36*75; NT, 6*5. Calc, 
for C 6 H 4 0 8 NBr, Br, 36 7; N, 6*4%). 

2-Bromo-k-nitrosophenol. —This nitroso-compound is not trans¬ 
formed into a quinoneoxime by hot dilute mineral acids. It 
crystallises from benzene in light brown needles and from dilute 
alcohol in red needles, m. p. 150° (Found: Br, 39*4; N, 7*0. 
C 6 H 4 0 2 NBr requires Br, 39*6; N, 6*9%). The colour produced 
in the Liebermann nitroso-reaction is deep green and changes to 
wine-red on dilution; it reverts to deep green in aqueous sodium 
hydroxide. Oxidation with ferrieyanide as described above con¬ 
verts the nitroso-compound into 2-bromo-4-nitrophenol, m. p. 112° 
(Found : Br, 36*6; N, 6*5. Calc, Br, 36*7; N, 6*4%). 

Z-Iodo-p-benzoquinoneA-oxime. —The nitrosation product of 
3-iodophenol has no m. p.; it darkens at 170—180°, begins to 
decompose at 185°, and a deep reddish-brown vapour is evolved 
at 200°. The compound is readily soluble in alcohol or ether, 
moderately easily soluble in hot benzene but very sparingly soluble 
in the cold solvent, and insoluble in light petroleum. The yellow 
needles obtained from its solution in benzene or hot dilute hydro¬ 
chloric acid decompose at 185—195°; if the latter solution is 
boiled for a few minutes, iodine is liberated and no crystallisation 
ensues. Light petroleum added to an ethereal solution of the 
quinoneoxime produces small, deep yellow prisms. This isomeride, 
which is tentatively assumed to be the syn-iorm (compare J, 1923, 
123, 2499), has a normal molecular weight in phenol solution 
(Found : N, 5*8; I, 50*9; M, cryoscopic in phenol, 254. 
requires N, 5*6; I, 51*0% ; M y 249). 

The ^^modification dissolves in 10% aqueous sodium hydr¬ 
oxide without frothing. From the red solution, on acidification, 
a vei^ ^le sto substance is precipitated. This, the ali¬ 

form, decomposes at about 185° and is highly dissociated in phenol 
solution (Found : N, 5*7; I, 50*9%; AT, cryoscopic in phenol, 160). 
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The Liebermann reaction produced a yellowish-brown colour, 
which changed to reddish-brown when the solution was diluted 
or made alkaline. Decomposition appears to have taken place. 

Oxidation with alkaline ferricyanide as described above gave 
3-iodo-i-nitrophenol. which crystallised from alcohol in long, slender, 
almost colourless needles, m. p. 123° (Pound : N, 5-5. C 6 H 4 0 3 NI 
requires N, 5-3%), and was identified by comparison with a 
specimen prepared by nitrating 3-iodophenol. 

Preparation of 2-Iodophenol. —2-Iodonitrobenzene was obtained 
in 91% yield from o-nitroaniline by the usual procedure; only a 
slight excess of potassium iodide, however, was employed. It 
melted at 50—51° (Nolting and Wrzesinski, Ber., 1875, 8, 820, 
give m. p. 43°). Its reduction with tin and hydrochloric acid 
produced a mixture of 2-iodo- and 2-chloro-aniline, and the yield 
of the former obtained by means of ferrous sulphate and ammonia 
was poor (compare Komer and Wender, Oazzetta, 1887, 17, 486). 
2-Iodonitrobenzene (28 g.), iron filings (28 g.), glacial acetic acid 
(70 c.c.), and water (70 c.c.) were mixed together and the mild 
reaction was completed by heating on the water-bath. The 
product was made alkaline with sodium bicarbonate and distilled 
with steam. The 2-iodoaniline thus obtained (22 g. or 89*5%; 
m. p. 57°. Komer and Wender, loc. cit., give m. p. 56-5°) was 
converted, by rapidly cooling a hot solution in concentrated sulph¬ 
uric acid (20 c.c.) and water (50 c.c.), into small crystals of the 
sulphate, which was diazotised and the excess of nitrous acid 
destroyed by carbamide; the diazo-solution was added drop by 
drop to a boiling solution of sulphuric acid (50 c.c.) and water 
(50 c.c.) through which a current of steam was passing. The 
2-iodophenol thus obtained (yield 20 g. or 91%) melted at 40° after 
crystallisation from ether (Schall, Ber., 1883, 16, 1897; 1887, 20, 
3363, gives m. p. 39—40°). 

Nitrosation of 2-Iodophenol. —The general method was useless 
in this case, tarry matter only being formed. The main product 
of the aotion of amyl nitrite and glacial acetic acid on 2-iodophonol 
in benzene solution was 2-iodo-6-nitrophenol, which was isolated 
by means of its volatility in steam. This compound, which was 
also prepared by nitrating 2-iodophenol, crystallised from light 
petroleum in bright yellow, feathery needles, m. p. 109°, and 
formed a red sodium salt. 

A solution of 2-iodophenol (4 g.) and sodium nitrite (7 g.) in 
water (850 c.c.) was cooled to 10° and treated gradually with a 
mixture of glacial acetic acid (4-5 c.c.) and water (5 o.c.). After 
24 hours, the solution was filtered, and shaken with ether. The 
extract was treated with 10% sodium hydroxide, and the deep- 
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coloured aqueous layer very cautiously acidified in the cold. The 
yellow precipitate (1 g.) of 24odoA-nitrosophenol crystallised from 
benzene or dilute hydrochloric acid in yellow needles, which decom¬ 
posed at 152°. No conversion into a quinoneoxime could be 
effected (Found : N, 5*7; I, 50*85; M, cryoscopic in phenol, 255. 
C 6 H 4 0 2 NI requires N, 5*6; I, 51*0%; M , 249). The colour pro¬ 
duced in the Liebermann reaction was deep green; it changed to 
crimson on dilution and to blue when the solution was made alkaline. 
2-Iodo-4-nitrophenol, m. p. 86—87°, was obtained by oxidising 
2-iodo-4-nitrosophenol with ferricyanide and by nitrating 2-iodo- 
phenol (Found : N, 5*4. Calc., N, 5*3%). 

The authors desire to thank the British Dyestuffs Corporation 
for gifts of the chemicals used in this investigation. 

The Technical College, 

Htjddebseield. [ Received , April 9 th , 1925.] 


CCCX .—Nitration of Phthal - and Succin-p-toliL 

By Oscar L. Brady, William G. E. Quick, and 
Walter F. Welling. 

The nitration of aniline in the presence of a large quantity of con¬ 
centrated sulphuric acid has long been known to give m-nitroaniline 
(Hiibner and Frericks, Annalen , 1881, 208, 299; Noelting and 
Collin, Her., 1884,17, 261; Bruns, Ber t , 1895, 28,1954; Tingle and 
Blanck, Amer. Ghem. J., 1906, 36, 605), and of p-toluidine to give 
2-nitro-p-toluidine. Acylated amines, however, on nitration usually 
give compounds in which the nitro-group has entered in the o- or 
p-position to the aeylamino-group, but in some cases, if a large 
quantity of concentrated sulphuric acid is present, meta-substitution 
occurs; for example, under these conditions Noelting and Collin 
(be. cit.) obtained after hydrolysis a small quantity of m-nitro- 
anilbie from acetanilide and a considerable quantity of 2-nitro-p- 
toluidine from aceto-p-toluidide; with plain nitric acid, however, 
the group entered in the ortho- or para-position to the aeylamino- 
group. Phthal-p-tolil on nitration with a mixture of sulphuric and 
nitric acids gives mainly 2-nitro-p-toluidine (D.R.-P. 141893). 

Sulphuric acid was employed in all these nitrations, but Miolati 
and Lotti (Gazzetta, 1897, 27, i, 298) obtained 2-nitro-p-toluidine 
by nitrating succin-p-tolil with fuming nitric acid. (Compare 
also Cain and Micklethwait, J Chem. Soc 1914,105, 1442, for the 
nitration of diphthalyltolidide.) This problem has now been 
investigated on more quantitative lines, the suecinyl-, phthalyl-, 
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3-nitrophthalyl-, and tetrachlorophthalyl-compoimds being nitrated 
with fuming nitric acid alone. Under these conditions, the aniline 
derivatives gave almost exclusively ^-nitroaniline, but the derivatives 
of p-toluidine all gave 2-nitro-jp-toluidine as the main product. It 
appears, therefore, that the dibasic acyl group does not sufficiently 
influence the amino-group to enable meta-substitution to occur, but 
so reduces its directive influence in the case of p-toluidine as to enable 
the comparatively feebly directive methyl group to take control. 
Nitrophthal-, tetrachlorophthal-, and succin-p-tolil gave approxi¬ 
mately 84%, and phthal-p-tolil 76%, of 2-nitro-p-toluidine; the 
nature of the dibasic acid accordingly does not greatly influence 
the proportion of the isomerides formed. 

This investigation arose from the study of the isomerism of the 
dinitrobenzidines (compare Brady and McHugh, J., 1923, 123, 
2047, where the literature of these compounds is summarised) and 
the behaviour of phthal-^-tolil in giving 2-nitro-p-toluidine with 
fuming nitric acid is consistent with the possibility that one of the 
nitro-groups in Bandrowski’s dinitrobenzidine, obtained by the 
nitration of phthalylbenzidine, is in the meta-position to the amino- 
group, since one phthalylaminophenyl group can be regarded as 
replacing methyl in phthal-p-tolil. 


Me 
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Experimental. 


The System 2-Nitro--p-toluidine-3-Nitro-^4oluidine .—The fusion 
diagram was constructed in the usual way from cooling curves of 
mixtures of the pure compounds. The results are in Table X. In 
the neighbourhood of the eutectic, crystallisation was very slow 
and the freezing point was easily missed if the rate of cooling 
exceeded 0-3° per minute; indeed with two mixtures no definite 
arrest was obtained until the eutectio temperature was reached, the 
freezing point being indicated only by the change of slope of the 
cooling curve; these values are given in brackets. 

Nitration of Pkthal--p-tolil .—Two parts of p-toluidine were heated 
with one of phthalic anhydride for 2 hours on the water-bath. 
The product was extracted repeatedly with hot alcohol, and the 
sparingly soluble residue crystallised from benzene. The phthalyl 
compound so obtained was added in small portions to 10 times its 
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% 3-NTitro- 
p-toluidine. 

F. p. 

Table I. 

% 3-Nitro- 
p-toliudine. 

F. p. 

Eutectic, 

0 

74*8° 

33*1 

(60-9°) 

56*1° 

10*5 

69*0 

38*7 

(65*6) 

56*2 

18*0 

64*1 

49*7 

74-0 


23*5 

60*3 

55*0 

78-4 


29*0 

56*3 

100 

116*7 



weight of nitric acid (<# 1*5) cooled in ice, the mixture kept on ice 
for 10 minutes and then poured on to crushed ice. When the ice 
had melted, the solid was collected, washed free from nitric acid, 
and hydrolysed by boiling with 2iV~sodium hydroxide for 2 hours. 
After cooling, the mixture of nitrotoluidines which separated was 
collected, washed with water, and dried thoroughly in a vacuum 
over concentrated sulphuric acid. The freezing point was 59*9°, 
corresponding to 76% or 67% of 2-nitro-p-toluidine; the former 
value was shown to be correct by obtaining the right rise in freezing 
point by the addition of a known amount of pure 2-nitro -^p-toluidine. 
The eutectic of the nitration mixture separated at 55-1° as against 
56‘2° for the synthetic mixture, indicating the presence of a small 
quantity of one or more other compounds, possibly 2:3-, 2 :5-, 
2 : 6-, and 3 : 5-dinitro-p-toluidines, all of which might be formed in 
the nitration; the amount, however, must be small and cannot 
greatly influence the relative proportions of the 2- and 3-nitro-#- 
toluidines here given. The separation of the main constituents of 
the hydrolysis product was achieved by aeetylating with acetic 
anhydride with the addition of a drop of concentrated sulphuric 
acid, pouring into water, and crystallising the product three times 
from 50% alcohol, when pure 2-nitroaceto-^-toluidide was obtained. 
The mother-liquors from the crystallisation were hydrolysed by 
boiling with 2iV r -sodium hydroxide, and the amine was crystallised 
three times from 50% alcohol, when a small quantity of pure 3- 
nitro-jp-toluidine was obtained. The crude phthalyl compound on 
crystallisation from benzene yielded pure phthal-2-nitro-#-tolil 
(D.R-P. 141893). 

Nitration of Succm--p-tolil. —Succin-^-tolil, prepared in an 
analogous way to the phthalyl derivative by means of succinic 
anhydride and heating to 150°, was nitrated in a manner similar 
to the above. The yield of mixed amines was poor; the product 
froze at 65*2°, corresponding to 84% of 2-mtro-p-toluidine. 

; JPMkd-^-niko^toluidic and Succin-Z-nitro-^-toluidic Acids .—* 
T^en phthal-2-mtro-p-tohl was warmed with 2N-sodium hydroxide, 
it dissolved completely; hydrochloric acid then precipitated the 
toluidic acid. This was purified by dissolving in cold dilute ammonia, 
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filtering off any amine, reprecipitating with hydrochloric acid, and 
crystallising from dilute alcohol, when phtIwt,l-2-nitro-j)4oluidic acid 
was obtained as a cream-coloured, crystalline powder melting and 
decomposing indefinitely at about 160° (Found : N, 94. C 16 H ia 0 6 N 2 
requires 1ST, 9*3%). The succintoluidic acid underwent further 
hydrolysis with ease, and in its preparation in an analogous manner 
to the above the alkali must not be warmed above 50° and solution 
must be obtained as rapidly as possible by vigorous shaking. After 
purifying by solution in ammonia and reprecipitation, it was dried 
and crystallised from benzene to which a few drops of alcohol had 
been added. Succin-2-nitro--p4oluidic acid crystallises in almost 
colourless, feathery needles, m, p. 163° (Found: N, 11*3. 
CnHigOgNg requires N, 11*1%). 

Nitration of S-Nitrophtltal-p-tolil. —A mixture of p-toluidine (30 g.) 
and nitrophthalic anhydride (25 g.) was heated for an hour at 130° 
with stirring. After cooling, the mass was dissolved in acetone, 
reprecipitated by the cautious addition of water, and the product 
crystallised from alcohol, when Z-nitropUhal-p-tolil was obtained as 
a yellow powder, m. p. 149° (Found : N, 9*8. C 15 H 10 O 4 N 2 requires 
N, 9*9%). This was nitrated and hydrolysed as above, and the 
amines were extracted from the alkaline solution -with ether. After 
drying in a vacuum, they froze at 64*7° (a repetition of the whole 
of the operations gave 64*5°), corresponding to 83*5% of 2-nitro-jp- 
toluidine. The eutectic froze at 54*8°. The yield of amine from 
the nitrated product was small owing apparently to partial decom¬ 
position by the alkali, but other agents such as concentrated hydro¬ 
chloric acid or 50% sulphuric acid did not bring about hydrolysis. 

Nitration of Tetrachlorophthal-p4olil. —Tetrachlorophthal-^-tolil 
prepared in a similar way to the nitrophthalyl compound con¬ 
sists of a pale yellow, crystalline powder, m. p. 145° (Found: 
01, 374. C 15 H 7 0 2 NC1 4 requires 01, 37*8%). Nitration and 
hydrolysis were carried out as with the nitrophthalyl compound, the 
yield of amines being small. The freezing point of the product was 
65*1°, corresponding to 84*5% of 2-nitro-^-toluidine. 

Nitration of Succinanil and PUMlanil. —These compounds wore 
nitrated under identical conditions with the above. From the 
hydrolysed product pure #-nitroaniline was obtained by one crystal¬ 
lisation ; the mother-liquor from this crystallisation was investigated, 
but no m-mtroaniline could be obtained by fractional crystallisation 
of the amine or of its acetyl derivative. 

The Baizph Forster Laboratories of Organic Chemistry, 

University College, London. [Received, July 2Ut, 1925.] 
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CCCXI.— Substitution in Vicinal Trisubstituted Benzene 
Derivatives . Part III . 

By Leon Rubenstein. 

The mixture of 5- and 6-nitro-3 -methoxy-2-ethoxybenzaldehydes 
produced by nitrating 3-methoxy-2-ethoxybenzaldehyde (Davies 
and Rubenstein, J., 1923, 123, 2839) has now been separated into 
its constituents by the method employed by Perkin, Robinson, and 
Stoyle to separate the isomerides formed in the nitration of 
o-veratraldehyde (J., 1924, 125, 2355); it contains 60% of the 
5-nitro- and 40% of the 6-nitro-compound. 

The same method was applied in an attempt to separate the 
mixture of 5- and 6-nitro-2 : 3-diethoxybenzaldehydes obtained in 
the nitration of 2 :3-diethoxybenzaldehyde (Davies and Ruben¬ 
stein, loc. cit .); these were condensed with p-toluidine and with 
m-nitroaniline, but in neither case could a complete separation of 
the SchifE bases be effected by fractional crystallisation. 

Evidence was obtained, however, that both in the nitration of 
3-methoxy-2-ethoxybenzaldehyde and of 2 :3-diethoxybenzaldehyde 
the 4-nitro-aldehyde is formed in small quantity. 

Experimental. 

Nitration of 3- Methoxy-2-ethoxybenzaldehyde and Separation of the 
Products .—The following modified method of nitration (compare 
loc. cit.) renders the subsequent separation easier; 3-Methoxy-2- 
ethoxybenzaldehyde (12 g.) cooled to 0° is added drop by drop with 
vigorous stirring to nitric acid (30 c.c.; d 1-42), the temperature 
being maintained at 0°. The crystals of 5-nitro-3-methoxy-2- 
ethoxybenzaldehyde (7-4 g.) that separate after several hours are 
removed. The filtrate, on dilution with water, deposits a yellowish- 
white mixture of 5- and 6-nitro-3-methoxy-2-ethoxybenzaldehydes, 
which is collected and dried. This mixture (7*4 g.) is heated with 
p-toluidine (3*6 g.) on the steam-bath during 30 minutes, and 
alcohol is added until a boiling solution is obtained. 5-Nitro- 
3*methoxy-2-ethoxybenzylidene-£>-toluidine separates on cooling, 
and the 6-nitro-isomeride from the filtrate after concentration. 
These substances can be almost completely separated by careful 
fractional crystallisation from alcohol. 

5-Nitro-Z-methoxy-2-ethoxybenzylidene-j)-toluidine crystallises in 
pale yellow, slender needles, m. p. 148° (Pound : N, 9*1. C X7 H 18 0 4 N 3 
requires N, 8*9%). It is readily hydrolysed by hot dilute hydro¬ 
chloric acid, giving 5-nitro-3-methoxy-2-ethoxybenzaldehyde, m. p. 
137°. $-Nitro-3~methoxy-2-etfio%ybenzylidene--p~toluidine crystallises 
in golden prisms, m. p. 88° (Pound: N, 9*0%). 
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Q-Nitro-Z-methoxy-2-ethoxybenzaldehyde , readily obtained by 
hydrolysing the pure p-toluidine derivative with hot dilute hydro¬ 
chloric acid, crystallises from aqueous alcohol in colourless, slender 
prisms, m. p. 57° (Found : N, 6*4. C 10 H n O 6 N requires N, 6*2%); 
the p-nitrophenylhydrazone consists of stout, brown needles, m. p. 
188—189°. Treatment with acetone and alkali gives an indigotin 
derivative. 

6-j Nitro-3-methoxy~2-ethoxybenzoic Acid .—A mixture of the 
aldehyde (1 g.), water (10 c.c.), and potassium bicarbonate (0*6 g.) 
is boiled during the addition of hot 10% potassium permanganate 
solution (10 c.c.). The filtered, cooled solution is separated from 
a little unchanged aldehyde and acidified with hydrochloric acid. 
The &-nitro-3-methoxy-2-etIioxybenzoic acid thus precipitated melts at 
119—120° after crystallisation from hot water, in which it is fairly 
soluble (yield 50%) (Equiv., 240. C 10 H 13 O 6 N requires equiv., 241). 

Nitration of 2 : 3 - Diethoxy benzaldehyde. —This was carried out 
similarly to the nitration of 3-methoxy-2-ethoxybenzaldehyde. 
The material obtained (5*7 g.) was treated with p-toluidine (2*5 g.), 
and the product with alcohol, as described above ; 5-nitro- 2:3- 
diethoxybenzylidene-p-toluidine (2*4 g.) crystallised in long, slender, 
cream needles, m. p. 105—106° (Found: N, 8*6. C 18 H 20 O 4 N 2 

requires N, 8*5%); further fractionation yielded a small quantity 
of a substance, m. p. 100° (Found : N, 8*7%). 

5-Nitro-2 :3-diethoxybenzaldehyde , which is readily obtained by 
hydrolysing the pure p-toluidine derivative, m. p. 105—106°, with 
hot dilute hydrochloric acid and recrystallising the product from 
aqueous alcohol, consists of white needles, m. p. 71°. It does not 
yield an indigotin derivative with acetone and alkali and gives no 
depression of m. p. when mixed with a sample of 5-nitro-2 :3- 
diethoxybenzaldehyde obtained by nitrating 2 -hydroxy-3 - ethoxy - 
benzaldehyde and methylating the product. 

§*Nitro-2 : Z-diethoxybenzaldehyde, similarly obtained from the 
compound, m. p. 100°, crystallises from dilute alcohol in almost 
colourless needles, m. p, 75—76° (Found: N, 6*0. C U H 18 0 5 N 
requires N, 5*8%). It turns green on exposure to the air, as do 
its solutions in all solvents. With acetone and alkali an indigotin 
derivative is obtained. The p -nitrophenylhydrazone consists of 
bright yellow, stout needles, m. p. 268—270°. 

The author is indebted to the Research Fund Committee of the 
Chemical Society which has defrayed some of the expenses of this 
investigation. 

The Dyson Perrins Laboratory, 

Oxford. [Received, August Iteh , 1925.] 
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CCCXIL— Aminobenzthiazoles . Part II. Naphthyl- 

aminonaphihathiazole Derivatives. 

By Robert Fergus Hunter. 

The curious observations on the conversion of symmetrical diaryl- 
thiocarbamides into arylaminobenzthiazole bromides recorded in 
Part I (this vol., p. 2023) made it of interest to extend the investi¬ 
gation to the halogen derivatives of the naphthalene homologues 
of 1-anilinobenzthiazole (I and II), and the bromination of the 
5 -dinaphthyIthiocarbamides in chloroform was therefore studied. 



Under conditions analogous to those employed in the previous 
cases (loc. cit.), s-di- a-naphthylthiocarbamide readily passed into 
the tetrabromo- addition compound of 2- a-naphthylamino- (3-naphtha- 
thiazole (I), a substance having properties analogous to those of 
the tetrabromides described in Part I. On exposure to air it rapidly 
lost bromine, yielding a yellowish-orange tribromide; this, how¬ 
ever, was not so stable as the tribromides of the benzenoid series, 
since it gradually lost bromine on exposure to the atmosphere. 
On treatment with sulphurous acid, the tetrabromide was rapidly 
reduced, the added bromine being eliminated as hydrogen bromide, 
and the free base (I) formed. The tetrabromide was converted 
by boiling hydroxylic solvents and alkalis into a dibromo* substi¬ 
tution derivative of the usual type (loo. cit.). The tetrabromide 
differs from those of the benzenoid series in that it is capable of 
uniting with hydrogen bromide and more bromine, yielding a 
heptabromide, which no doubt has the constitution (III), analogous 
to that of the m-toluthiazole heptabromide (loc. cit.). 

. On one occasion, when bromine was added to a warm suspension 
of di-a-naphthylthiocarbamide in chloroform, a bright red, unstable 
tribromo-addition compound was isolated, which was probably 
the hydrobromide of a dibromo-addition compound. 

Smoe the bromination of s-di- a-naphthylthiocarbamide yielded 
asin&ny as three bromo-addition compounds and was complicated 
by the tendency of the nascent thiazole to add on hydrogen 
bromide as well as bromine, the bromination of the naphthathiazole 
base itself was examined; as might have been anticipated, in 
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presence of excess of halogen it yielded a well-defined hexabromide 
the most probable constitution of which is 

C io H a<NB r r 4 > C ^HC l0 H 7 . 

This compound has the usual properties of losing bromine on 
exposure to air, being reduced by sulphurous acid, and passing 
into the substitution product in presence of hydroxylic solvents 
and alkalis. 

On bromination under similar conditions to those used in the 
case of the a-compound, 5-di-jB-naphthylthiocarbamide readily 
yielded a dark purplish-red hexabromide of (II), which doubtless is 
s imila r to the oc-hexabromide in constitution. The (3-hexabromide 
was isolated in two forms having identical chemical properties 
but different melting points. It differs from the higher bromo- 
addition compounds of the arylaminobenztkiazole series in being 
remarkably stable to air, in this respect resembling dehydrothio- 
toluidine dibromide (this vol., p. 1318); unlike this, however, it 
is decomposed by dilute alkalis and hydroxylic solvents. On 
treatment with sulphurous acid, the six bromine atoms are eliminated 
in the usual way with the liberation of (II). The direct elimin¬ 
ation of bromine by treatment with hydroxylic solvents and alkalis 
had previously been observed in the case of 1: 1 -bisbenzthiazole 
tetrabromide (this vol., p. 1319), but this is a highly unstable 
substance which completely loses the whole of its added bromine 
on exposure to the air for some hours. 

A inferomo-addition compound of 2- p-naphthylamino- a-naphtha- 
thiazole was also isolated, which resembled the hexabromide in its 
remarkable stability to air; on treatment with hydroxylic solvents 
and alkalis, however, the added bromine was eliminated (initially) 
as sodium hypobromite, with liberation of the thiazole base (II). 
The tribromide was reduced in the usual way by sulphurous acid, 
being no doubt the hydrobromide of the dibromo-addition com¬ 
pound of the thiazole. 

The bromination of 2- (3-naphthylamino- a-naphtkathiazolc in 
-chloroform yielded, as might have been anticipated, the hexabromo- 
addition compound. 

The bromine addition compounds of p-naphthylamino- a-naphtha- 
thiazole therefore differ from those of a-naphthylamino-p-naphtha- 
thiazole and of the arylaminobenzthiazoles (1) in their stability 
in air, which is of the order of that of dehydrothiotoluidine dibromide, 
(2) in losing their added halogen as hypobromite, with regeneration 
of the a-thiazple base, on treatment with hydroxylic solvents and 
alkalis, and (3) in being incapable of conversion into a stable* 
yellowish-orange tribromide by atmospheric oxidation. 
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Experimental. 

s-Di- a-napkthylthiocarbamide was prepared from a-naphthyl- 
amine by the usual method (Hofmann, Annalen, 1846, 57, 256). 
The crude product, after treatment with dilute acid, water, etc., 
was digested with boiling acetic acid and with boiling alcohol; 
the microcrystalline powder thus obtained had m. p. 196°; a further 
quantity slowly separated in prisms from the acetic acid filtrate. 

2 - a - Naphthylamino - (3 - naphthathiazole Tetrabromide. — Di - a - 
naphthylthiocarbamide (2 g.) was suspended in 20 c.c. of chloro¬ 
form, and 2 c.c. of bromine were slowly added with continuous 
shaking; heat and hydrogen bromide were evolved towards the 
end of the bromination. The solution was refluxed for 2 minutes 
on a steam-bath and cooled in a freezing mixture; the tetrabromide 
then separated in minute, brilliant vermilion crystals, which were 
dried in a vacuum over potassium hydroxide. The tetrabromide 
lightened in colour at 190°, became yellow at 200°, and colourless 
at 260° (Found : Br, 50-2. C 21 H 14 N 2 Br 4 S requires Br, 49*6%). 

On exposure to air the tetrabromide lost bromine, yielding a 
yellowish-orange, crystalline mass of the tribromide, which after 
boiling with chloroform and drying in a vacuum was obtained 
in small, yellow prisms; these became pale at 200° and colourless 
at 280° [Found: Br, 42*6. (0 21 H 14 ]Sr 2 Br3S)2 requires Br, 42*4%]. 

On treatment with sulphurous acid, the tribromide yielded the 
thiazole base in the usual way, 

2-oL-Naphthylamino-fi-naphtfiathiazole Ileptabromide. —By using 
1 g. of 5-di-a-naphthylthiocarbamide, 6 c.c. of chloroform, and 
1 c.c. of bromine diluted with a little chloroform, and proceeding 
as in the previous bromination, bright red granules of a hepta- 
bromide (III) were obtained which lost bromine and became yellow 
at 160° (Found : Br, 62*6. C 2 iH 15 N 2 Br 7 S requires Br, 62*9%). 
This displayed the usual behaviour of the bromo-addition com¬ 
pounds on exposure to air, on treatment with sulphurous acid, 
and on boiling with alcohol and subsequent treatment with sodium 
hydroxide. 

Dibromo-2-u.-naphthylamino- (3- naphthathiazole . — Either of the 
above bromides (1 g.) was digested with 20 c.c. of boiling alcohol 
for a short time, the crystalline hydrobromide so obtained was 
treated with warm 22V'-sodium hydroxide for a few minutes, the 
product washed, dried, and crystallised from benzene-ethyl acetate 
(1:1); from this the Mbromo- substitution product separated in 
small prisms which sintered at 18Q°> became yellow at 240°, and 
melted at 270-^272- (Found: Br, 35*9. C 21 H 12 N 2 Br 2 S requires 
Br, 35*6%). 
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Red Tribromide of 2-oc-Naphthyla?nino-ft-naphtJba'thiiizole .—A sus¬ 
pension of 1 g. of the dinaphthylthiocarbamide in 6 c.c. of warm 
chloroform was treated with 1 c.c. of bromine diluted with a little 
chloroform; the yellow, crystalline precipitate that formed at the 
half stage turned red when the addition of the bromine was com¬ 
pleted. The mixture was boiled for a minute, cooled, and the 
vermilion, microcrystalline precipitate dried in a vacuum over 
potassium hydroxide. The tribromide became orange at 180°, 
yellow at 190°, pale ochre-yellow at 215°, and showed signs of 
softening at 260°, but was still unmelted above 280° (Found : Br, 
41-8. C 21 H 14 N 2 Br 2 S,HBr requires Br, 42*4%). This tribromide 
lost bromine on exposure to air and was reduced by sulphurous acid 
in the usual way. 

2-(x-Naphthylamino- (3-?? aphthaihiazole .—Any one of the bromo- 
addition products obtained from the dinaphthylthiocarbamide by 
bromination in chloroform was suspended in sulphurous acid, and 
sulphur dioxide passed through the mixture until all solid matter 
was colourless. The reduction product was collected, digested 
with 2N -sodium hydroxide on a steam-bath for a few minutes, and 
the product washed, dried, and crystallised from ethyl acetate - 
toluene (1:1). The naphthathiazole, which separated in hard 
prisms, m. p. 217°, was recrystallised from benzene-ethyl acetate 
and obtained in colourless prisms, m. p. 221° (Found : S, 9*6. 
C 21 H u N 2 S requires S, 9-8%). 

Bromination. From a solution of the naphthathiazole (0*3 g.) 
and bromine (0*5 c.c.) in chloroform, bright red prisms of the hem- 
bromide separated slowly; they were dried in the usual way (Found : 
Br, 60*3. C 21 H 14 N 2 Br 6 S requires Br, 59*6%). The hexabromide 
showed colour change without melting at 238° and behaved as usual 
on exposure to air and on treatment with sulphurous acid and with 
alcohol and sodium hydroxide. 

s-Di-P-naphthylthiocarbamide was prepared from (3-naphfcliyl- 
amine in the usual way. In the first experiments the thiooarb- 
amide was recrystallised from glacial acetic acid, from which it 
separated in small prisms, m. p. 194°; in later experiments the 
product was treated as in the previous case and obtained as a 
micro-crystalline, white powder, m, p. 198°. 

2- $-Naphthyla?nino-^naphthathiazole Hexabromide .—(A) (3- 

naphthylthiocarbamide (m. p. 194°) (1 g.) containing a trace of 
acetic acid was suspended in 6 c.c. of chloroform and treated with 
1 c.c. of bromine diluted with a small quantity of the same solvent 
as in the previous cases ; the clear dark brown solution obtained 
became hot and evolved hydrogen bromide. The solution was 
refluxed for 2 minutes and cooled in a freezing mixture; the hem* 
vol. cxxvrc. 4a 
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bromide which then separated in fine, dark red crystals was dried 
in a vacuum over potassium hydroxide. It became light yellow 
at 190°, soft at 210°, and decomposed without melting at 216° 
(Found : Br, 60-3. C 21 H 14 N 2 Br 6 S requires Br, 59*6%). 

(B) The above bromination was repeated and the solution shaken 
to induce sudden crystallisation. The product consisted of small, 
purplish-red plates, which were dried in a vacuum as before. This 
hexabromide showed lightening in colour at 140°, further colour 
change at 194°, and melted to a clear red liquid at 196° (Found: 
Br, 59-8%). 

Both forms of the hexabromide were reduced by sulphurous acid 
in the usual way, and exhibited the remarkable stability in air 
already referred to. 

2-$-Naphihylamino-rx-naphthathiazole. —The hexabromide was sus¬ 
pended in sulphurous acid and treated with a current of sulphur 
dioxide as in the previous case. The product was warmed with 
2iV-sodium hydroxide, washed, dried, and crystallised from toluene- 
ethyl acetate (1:1), from which it separated in large, silky plates, 
m. p. 221°. After recrystallisation from ethyl acetate-benzene, 
it was obtained in plates, m. p. 223° (Found: S, 8-9. c 21 h 14 n 2 s 
requires S, 9-8%). 

Red Tribromide of 2-^-NapJithylamino-a-na-pWhathiazole. —One g. 
of 5-di-[3-naphthylthiocarbamide (microcrystalline powder, m. p. 
198°) was suspended in 6 c.c. of chloroform and brominated in 
the usual way. The solution deposited the tribromide as a vermilion, 
microcrystalline powder which, after drying in a vacuum over 
potassium hydroxide, showed a colour change at about 170° and 
melted at 245° (Found: Br, 42-8. C 21 H 14 N 2 Br 2 S,HBr requires 
Br, 42-4%). 

, Bromination of i-fi-Naphthylamino-x-naphthatkiazole. — The 
naphthathiazole (0-5 g.) was treated with excess of bromine (1 c.c.) 
as in the previous case: on scratching, the hexabromide separated 
in small, 'dark purple-red prisms, m. p. 198°, after drying (Found: 
Br, 60-2. Calc., Br, 59-6%). 

In conclusion, the author desires to express his gratitude to 
Prof. J. F. Thorpe, F.R.S., for the kind interest he has taken in 
the progress of these experiments. 

JapEBun Cgixege or Science and Technology, 

London, 8.W. 7. [Received, June Srd, 1925.] 
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CCCXIII .—An Investigation of the Action of Halogens 
on 2: 4c-DimethyTbenzoyl Chloride. 

By William Henry Perkin, jun., and John Frederic 
Smerdon Stone. 

In a communication published a short time since (J., 1922, 121, 
2203), Davies and Perkin showed that w-derivatives of the toluic 
acids such as 

C 6 H 4<no5ir C eH 4 <QQ 2 '| [ 2 C 6 H 4 <qq 2 3 h 

may be conveniently prepared from the corresponding toluoyl 
chlorides, CH 3 -C 6 H 4 *C0C1, or bromides by treatment with chlorine 
or bromine at temperatures varying from 160— 220°, according to 
the degree of substitution desired, and subsequent decomposition 
of the substituted acid chlorides or bromides by formic acid, methyl 
alcohol, amines, etc. This simple process has made it possible 
to prepare conveniently many mono- and di-substitution deriv¬ 
atives of benzoic acid, such, for example, as the aldehydo-acids 
CH0*C 6 H 4 *C0 2 H, which had previously been difficult of access. 

In developing this process, it became interesting to determine* 
the course substitution would take in the case of the dimethyl- 
benzoic acids, (CH 3 ) 2 C 6 H 3 -C0 2 H, that is to say, to find out whether 
substitution would occur in both methyl groups or be confined to 
one, and whether it would be possible, by the selection of suitable 
conditions of temperature, exposure to light, etc., to prevent 
simultaneous substitution in the ring. In order to examine this 
problem, we selected in the first instance 2 : 4-dimethylbenzoic 
acid (ra-xylene-o-carboxylic acid) for investigation, and, as no 
method was available for the preparation of the large quantities 
of this acid required for this research, we have worked out the 
conditions most favourable for its formation. As the result of a 
large number of comparative experiments, we find that this acid 
may be obtained from ^-xylene in a yield of 65% of that theor¬ 
etically possible under the following conditions. m-Xylene is 
first converted, by acetyl chloride in the presence of anhydrous 
ferric chloride (compare Meissel, Ber n 1899, 32, 2420), into 2 : 4-di- 
methylacetophenone, C 6 H 3 Me 2 *CO*CH 3 , which, when treated with 
the calculated quantity of carefully prepared sodium hypobromite, 
is smoothly converted into practically pure 2 ; 4-dimethylbenzoic 
acid. If, however, the hypobromite is present in excess or com 
tains bromate, the acid is contaminated with a bromo-acid, m. p, 
180°, which is evidently the 6-bromo-2:4-dimethylbenzoic acid, 

4 G 2 



2276 PEBKIN AND STONE : AN INVESTIGATION OE THE ACTION 

m. p. 183—184°, obtained by Noyes ( Amer . Chem . J., 1898, 20, 
802) by the oxidation of 6-bromo-2 : 4-dimethylacetophenone. 

The method used for the direct substitution in the ^-positions 
in 2 :4-dimethylbenzoic acid is essentially that worked out by 
Davies and Perkin (loc, cit.) in the case of the toluic acids. The 
acid is first converted into the acid chloride, C 6 H 3 Me 2 *COCl 5 by 
the action of thionyl chloride, and this is then treated with chlorine 
or bromine at temperatures varying from 160—220° according to 
the degree of substitution desired. The formation of the lower 
halogen substitution products takes place readily in bright sun¬ 
light but, if several atoms of chlorine or bromine are to be intro¬ 
duced, the use of a quartz mercury lamp is essential. In some cases, 
the bromo-derivatives were more readily prepared and separated 
than the corresponding ehloro-derivatives. 

Thus, for example, while we were unsuccessful in separating the 
aj-chloro- and <ow-dichloro-dimethylbenzoy 1 chlorides by fractional 
distillation, we found that the corresponding dibromo-derivatives, 
owing to greater difference in boiling point, could be comparatively 
easily separated. Careful treatment of the substituted acid chlor¬ 
ides with formic acid, alcohols or amines readily leads to the 
corresponding acids, esters, or amides. In this way we have 
prepared a large number of w-halogen derivatives of 2 : 4-dimethyl¬ 
benzoic acid, and the hydrolysis of these has yielded an interesting 
series of substances in which the methyl groups have been succes¬ 
sively oxidised with production of alcohols, aldehydes, and acids. 

I. The u-Bromo-2 : k-dimethylbenzoic Acids. 

When 2: 4-dimethylbenzoyl chloride is brominated at 160° with 
the aid of a mercury lamp, the bromo-acid bromide, distilling at 
169—171°/16 mm., consists mainly of 2-bromomethylA-methyU 
bmzoyl bromide, CH 3 'C 6 H 3 (CH 2 Br)*COBr, but the fraction 160— 
180°/15 mm. contains this substance and 4:-bromomethyl-2~methyl- 
b&nzoyl bromide , CH 2 BrC fl H 3 (CH 3 )*COBr, in the proportion of 
about 85 to 15%.* 

On decomposing with formic acid, this mixture yields 2-bromo- 
methylA-methylbenzoic acid , m, p. 143—145°, the constitution of 
winch is demonstrated by the fact that it yields 4:-methyl-l : 2- 

CH v 

pMhalide, m. p. 118°, CH 3 *C 6 H 3 < qq£^> 0, at the melting point. 

* In order to economise space, the formulae in this communication are not 
written out hexagonally but the methyl-carbon atom to the left in the formula 
CH 3 ’C Q H 3 (CBC 3 )-CO g H is numbered 4, whereas that to the right is numbered %. 

When an acid chloride is treated with bromine, it is converted into the acid 
bromide as pointed out by Davies and Perkin [loo. ait., p. 2203). 
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The crystalline methyl ester (m. p. 62—63°) obtained directly 
by decomposing the mixed acid bromides with methyl alcohol is 
methyl 2-bromomethylA-methylbenzoate , because it decomposes on 
boiling into methyl bromide and 4-methyl-1 :2-phthalide. This 
phthalide, on hydrolysis with alkali yields 2-hydroxymethylA- 
methylbenzoic acid , which melts at 132—133° with regeneration of 
the phthalide. 

The methyl ester of 4:-bromomethyl-2-methylbenzoic acid (m. p. 56°) 
is obtained by decomposing the mixed bromomethyl-methyl- 
benzoyl bromides (see above) with methyl alcohol and boiling 
the mixed methyl esters, when methyl 2-bromomethyl-4-methyl- 
benzoate passes completely into the phthalide whereal methyl 
4-bromomethyl-2-methylbenzoate remains unchanged. On boiling 
with potassium hydroxide, the latter yields 4- hydroxymethyl-2 - 
methylbenzoic acid , 0H*CH 2 ®C 6 H 3 (CH 3 )®C0 2 H, m. p. 142°, which 
does not lose water at its melting point. During this hydrolysis, a 
dibasic acid, C 18 H 18 0 5 , m. p. 222°, is also obtained in small quantity 
and this is evidently 4 : 4' -dicarboxy-3 : d'-dimethyldibenzyl ether, 
C 0 2 H-(CH 3 )C 6 H 3 *CH 2 - 0 -CH 2 -C 6 H 3 (CH 3 )*C 0 2 H, produced by the 
elimination of water from two molecules of the 4-hydroxymethyl 
acid. A somewhat similar observation was made by Gunther 
(Ber., 1890, 23,1061), who found that, when p-cyanobenzyl chloride, 
CN*C 6 H 4 *CH 2 C1, is hydrolysed with alkali, it yields 4 :4'~dicarboxy- 
dibenzyl ether, C0 2 H-C 6 H 4 -CH 2 -0*CH 2 *C 6 H 4 -C0 2 H. 

II. 2 : 4:-Di{bromomethyl)benzoic Acid, CH 2 Br*C c H 3 (CH 2 Br)*C0 2 H. 

The substitution of two atoms of bromine for hydrogen in 
2: 4-dimethylbenzoic acid leads mainly (compare p. 2286) to the 
formation of the <sym-w-dibromo-acid. The acid bromide of this 
acid, b. p. 223—228715 mm., is obtained when 2:4-dimothyl- 
benzoyl chloride is heated with the calculated amount of bromine at 
a temperature rising from 150—190°, with the aid of the mercury 
lamp. On treatment with formic acid, this yields 2 : 4-di(bromo- 
methyl)benzoic acid , m. p. 158°, the methyl ester of which, on dis¬ 
tillation, loses methyl bromide with the formation of k-hromormthyl* 

1; 2-phthalide, CH 2 Br‘C 6 H 3 <^QQq, m. p. 159°, and this, on boiling 

with chalk and water, passes into ^-hydroxymethyl- 1 : 2-phthalide , 

0H-CH 2 -C 6 H 3 <gg*>0, 

m. p. 125°. This substance is readily hydrolysed by warm sodium 
hydroxide to 2: i-di(hydroxymethyl)benzoic acid, m. p. 140®, 
4-Hydxoxymethyl-l: 2-phthalide condenses readily with oxalic os ter 
in the presence of potassium ethoxide, yielding i-hydroxymethyL 
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1: 2-phthalide-oxalic ester, which gives a violet coloration 'with ferric 
chloride and probably consists essentially of the enolic modification, 
yC—C(0H)-C0 2 Et 

oh-ch 2 -c 6 h 3 / c >o 

In order to determine whether both bromine atoms in 2:4-di- 
(bromomethyl)benzoic acid are replaceable by cyanogen groups, 
the acid was digested with excess of potassium cyanide, but examin¬ 
ation of the product showed that only the 4-w-bromo-atom had 
been replaced by cyanogen, the product being 4:-cyanomethyLl : 2- 

phthalide , m. p. 124°, CN , CH 2 , C 6 H 3 < Cq^^> 0. This on shaking 

with hydrogen peroxide and sodium hydroxide yields the amide , 
from which 1: %phthalideA-aeetic acid , m. p. 162°, 

C0 2 H-CH 2 'C 6 H 3 < qq?> o, 

is obtained by the action of sodium nitrite. 

III. The Chlorination of 2 : 4 -Dimethylbenzoyl Chloride . 

The attempt to prepare in a pure condition higher brominated 
derivatives of 2:4-dimethylbenzoic acid than those described 
in the last Section failed, mainly for the reason that the higher 
brominated acid bromides suffered vigorous decomposition when 
the attempt was made to distil them even under low pressures. 
Attention was therefore directed to the corresponding chloro- 
derivatives and we have fortunately been able to isolate these even 
up to the stage of the hexaehloro-acid chloride, CC1 3 *C 6 H 3 (CC1 3 )‘C0C1. 
This has enabled us to study the whole series of these interesting 
substances and to investigate thoroughly their decomposition 
products and especially the products of their hydrolysis. 

When 2:4-dimethylbenzoyl chloride is treated with the cal¬ 
culated amount of chlorine for the introduction of three atoms 
at a temperature rising from 180—210° and in ultra-violet light, 
and the product distilled, a fraction is obtained, b. p. 184— 
186°/16 mm., the chlorine content of which corresponds with 
that of the expected w-trichloro-2 :4-dimethylbenzoyl chloride. 
The first suspicion that this fraction is in reality an almost con¬ 
stant-boiling mixture of the di- and tetra-chlorinated dimethyl- 
benzoyl chlorides, CH 2 C1-C 6 H 3 (CH 2 C1)-C0C1 and 
GHCl 2 -0 ? H 3 (CHCl 2 )*COa 

containing only small quantities of the triehlorinated derivative, 
arose on attempting to prepare the substituted chlorophthalides 
by boiling the corresponding methyl esters. When the methyl 
esters, prepared in the usual manner from the acid chloride 
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fraction and methyl alcohol, are distilled, the crystals which separ¬ 
ate from the distillate consist of &*chloroniethyl-l: 2 -phthalidft) 

CH 2 C1-0 6 H 3 <qq 2>0 ; m. p. 144°, derived from the methyl ester, 

CH 2 Cl'C 6 H 3 (CH 2 Cl)'00 2 Me, and corresponding with the 4-bromo- 
methyl-1: 2-phthalide described on p. 2277, the yield being about 
30%. On the other hand, when the chloride fraction,.b. p. 184— 
186°/16 mm., was digested with chalk and water, it gave a large 
yield of 2:4-dialdehydobenzoic acid, CH0 , C 6 H 3 (GH0) , C0 2 H, an 
interesting substance which had not previously been obtained 
and the properties of which are described on p. 2290. The form¬ 
ation of this dialdehydo-acid is clear evidence that the acid chloride 
must have contained considerable quantities of 2:4-di(dichloro- 
methyl)benzoyl chloride, CHC1 2 , C 6 H 3 (CHC1 2 )-C0C1. That the acid 
chloride fraction also contains 4-dichloromethyl-2-chloromethyl- 
benzoyl chloride, CHC1 2 -C 6 H 3 (CH 2 C1)-C0C1, was demonstrated in 
the following manner. The product of the action of chalk and 
water on this chloride fraction contains, besides 2 :4-dialdehydo¬ 
benzoic acid, a small quantity of a substance, C 9 H c Q 3 , melting 
at 159—160°, which, on investigation, proved to be 4 -aide- 

hydo-l: 2-phthalide, CH0-C 6 H 3 <Cqq£> 0, and this must have been 

derived from the trichloro-acid chloride just mentioned. On the 
other hand, there is no evidence of the existence of the isomeric 
trichloro-acid chloride, CH 2 C1-C 6 H 3 (CHC1 2 )-C001, in the above 
chloride fraction, because careful examination of the products of 
hydrolysis with chalk and water failed to reveal the presence of 
any substance derived from this chloride. 

4-Aldehydo-l: 2-phthalide combines readily with phenylhydr- 

azine, yielding the yellow hydrazone, PhN' 2 H.'OH , C B H 3 <^Qf]>0, 

but its most interesting property is the fact that, when heated on 
the steam-bath even with 2IV , -sodium hydroxide, it undergoes the 
Cannizzaro reaction and yields a mixture of 2:4-di(hydroxy- 
methyl)benzoio acid, 0H-CH 2 -C 6 H 3 (CH 2 -0H) > C0 2 H (m. p. 146°; 
compare p. 2290), and 2-hydroxymethylterephthalic acid , 
C0 2 H-C 6 H 3 (CH 2 -0H)-C0 2 H. 

On heating in the steam-oven, the latter acid is converted into 

4:-carboxy-l: 2-phthalide, C0 2 H-C 6 H 3 <^q£> 0, m. p. 280°, a 

substance which is readily reconverted into 2-hydroxymethyl- 
terephthalic acid on hydrolysis. 
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IV. 2 : i-Di(dichloromethyl)benzoic Acid. 

When 2:4-dimethylbenzoyl chloride is chlorinated at 160— 
220° in ultra-violet light, until the increase of weight corresponds 
with the introduction of 4 atoms of chlorine, and the product 
fractionated, 2 : i-di[dichloromethyl)benzoyl chloride, 
CHC1 2 -C 6 H 3 (CHC1 2 )-C0C1, 

b. p. 192—193710 mm., is obtained in good yield. Unlike the 
lower chlorinated dimethylbenzoyl chlorides, this substance is 
remarkably resistant to moisture and may be left exposed to air 
for some days without appreciable decomposition but it is de¬ 
composed by anhydrous formic acid under carefully regulated 
conditions to yield 2:4 -di(dichloromethyl)benzoic acid, m. p. 160°- 
The methyl ester of this acid, CHCl 2 ’C 6 H 3 (CHCl 2 )*CO a Me, distils at 
186—188°/12 mm. without decomposition, but, at higher tem¬ 
peratures, it loses methyl chloride with the formation of 4-dichloro- 

methyl-1 :2-chlorophthalide, CHCl a i C 6 H 3 <,P^^7 > 0 ) an oil distilling 

at 297°/763 mm. When 2 :4-di(dichloromethyl)benzoyl chloride is 
boiled with chalk and water, it is converted into 2 :4 -dialdehydo- 
benzoic acid, CH0 , C 6 H 3 (CH0)*C0 2 H, m. p. 141° (compare p. 2292). 
The yield of this important new acid, which appears to be the 
first of the dialdehydobenzoic acids to be prepared, calculated on 
the weight of the chloride employed in its preparation, is at least 
70% of the theoretical. On treatment with aniline, it yields a 
dianilino-denv&tive which, since it is insoluble in sodium carbonate, 

, the 

acid having acted in its hydroxy-phthalide modification much in 
the same way as m-opianio acid does in the same circumstances 
(Fargher and Perkin, J., 1921, 119, 1729). The disemicarbazone 
is colloidal and could not be crystallised. It decomposes at 335° 
and is soluble in sodium carbonate, consequently it appears to be 
directly derived from the dialdehydo-acid and to have the normal 
constitution. 

2:4-Bialdehydobenzoic acid reacts readily with phenylhydr- 
azine to yield a yellow, crystalline derivative, m. p. 266°, insoluble 
in sodium carbonate, which is evidently anhydro- 2: 4,-dic 

bernoic acid diphenylhydrazoM, PhSr 2 HICH , C 6 H 3 <C.^'?p^. It is 

proposed, to investigate carefully the aotion of alkalis on 2:4-di- 
aldehydobenzoic acid, in order to determine whether one or 
both of the aldehydo-groups are susceptible to the Cannizzaro 
reaction. 


probably has the constitution NPhiCH’CgH. 


/ 


CH-NHPh 


6 ~ 3 Xc >0 
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V. The Pentachloro-2 : i-dimethylbenzoyl Chlorides . 

Ah acid chloride fraction, b. p. 188—192°/14 mm., is obtained 
when chlorine is passed into 2 : 4-dimethylbenzoyl chloride, in 
the presence of ultra-violet light, at 220° until the increase in 
weight corresponds with the absorption of five atoms of chlorine. 
Investigation of this product has proved that it contains about 
equal quantities of the isomeric chlorides, CC1 3 *C 6 H 3 (CHC1 2 )«C0C1 
and CHCl 2 *C 6 H 3 (CCl 3 )*COCl. On hydrolysis with chalk and water, 
this mixture yields a sparingly soluble, crystalline acid, m. p. 242°, 
which examination has proved to be 2 -aldehydoterephtkalic acid , 
C02H*C 6 H s (CH 0)*C0 2 H. This new < acid reacts readily with 
phenylhydrazine with the formation of a colourless substance, 
C 15 H 10 O 3 N 2 , m. p. 327°, which is evidently anhydro~2-aldehydo~ 

CTT'N 

terepMhalic acid, phenylhydrazone, C0 2 H-C a H.<~"' i . On treat- 

CO'NPh 

ment -with hydroxylamine, 2-aldehydoterephthalio acid yields the 
normal oxime., C0 2 H-C 6 H 3 (CH!N-0H)-C0 2 H, and, on heating, this 
melts and decomposes at about 136° with evolution of heat, solidi¬ 
fies again, and then melts at about 242°, isomeric change into the 
imide of trimeUitic acid, a substance which does not appear to 
have been described, taking plaoe. This characteristic change is 
analogous to the conversion by heat of the oximes of opianio acid 
and (//-opianic acid into hemipinimide (Lieberaann, Ber., 1886, 
19, 2926; Perkin, J., 1890, 57, 1071) and of the oxime of m-opianio 
acid into m-hemipinimide (Perkin, J., 1916, 109, 930). 2-Alde- 
hydoterephthalic acid does not undergo the Cannizzaro reaction so 
readily as 4-aldehydo-l : 2-phthalide (p. 2279), but when boiled 
with sodium hydroxide (25%) it is converted into a mixture of 
2 -hydroxymethylterephthalic acid, C0 2 H-C 8 H 8 (CH 3 -0H)'C0 !J H, and 
trimeUitic acid, C0 2 H-C c H 3 (C0 2 H)-C0 2 H. 

The mother-liquors from which the 2-aldehydoterephthalio acid 
had separated contain, besides this acid, varying quantities of 
trimeUitic acid produced evidently by the air oxidation of the 
aldehydo-acid and probably also of the isomeric d-aldchydophthulic 
acid, 0HO > C 6 H 8 (CO 2 H)-CO 2 H. This latter acid is contained in 
these mother-liquors in considerable quantity, although, owing to 
its ready solubility and smaU facUity for crystallising, it has not 
yet been found possible to isolate it in a pure condition. 

The presence of this interesting isomeride of 2-aldehydotere- 
phthaUc acid was demonstrated in the first place by treating the 
impure acid with phenylhydrazine, when a substance crystallising 
in yeUow needles, m. p. 118°, was isolated in quantity; this is 
readily soluble in sodium carbonate and consists of the hydrateat&t* 

4 g* ‘ ■ 
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phenylhydrazone of 4 -aldehydophthalic acid, C 15 H 12 0 4 IT 2 ,H 2 0. This 
characteristic substance becomes anhydrous in a vacuum desiccator 
over sulphuric acid, melts at 174° with elimination of water and 
formation of the anhydride , PhN 2 HICH*C 6 H 3 (C0) 2 0, m. p. 217°, 
and this anhydride formation takes place quantitatively on heating 
in the air-oven at 115°. 

VI. 2 : 4c-Di(trichloromethyl)benzoic Add. 

The chloride of this acid, CC1 3 *C 6 H 3 (CC1 3 )*C0C1, b. p. 192— 
196°/15 mm., is obtained as a colourless oil which does not fume 
in moist air and in a yield of 70—80% when 2 : 4-dimethylbenzoyl 
chloride is chlorinated in ultra-violet light at 220° until six chlorine 
atoms have been absorbed. The stability of this chloride is also 
demonstrated by its behaviour with alkalis, since it may be boiled 
for a short time with dilute sodium carbonate without dissolving, 
although some chlorine is eliminated from the side chain during 
the process. 

However, on leaving with anhydrous formic acid for about 
2 weeks at the ordinary temperature, hydrolysis gradually takes 
place and 2: 4:-di{trichloromethyl)benzoic acid is obtained in colour¬ 
less needles, m. p. 171°. The methyl ester, CCl 3 *C 6 H 3 (CCl 3 )*C0 2 Me, 
obtained by mixing the hexachloro-acid chloride with methyl 
alcohol, does not crystallise and decomposes, on heating, with 
elimination of methyl chloride and formation of 4c4ricMoromethyl- 

phfhalyl chloride of the probable formula CC1 3 *C 6 H 3 <Cqq[£> 0. This 

interesting substance, b. p. 186—187°/12 mm., does not appear to 
be hydrolysed by anhydrous formic acid, but it reacts readily 
with aniline to yield a dianUide which crystallises in colourless 
needles, m. p. 220°, and appears to be 4z4richbromethylphthaldi - 
anilide and to have the constitution CCl 3 *C 8 H 3 (CO*NHPh) 2 . 
Although the hexachloride (see above) is so resistant to hydrolysis, it 
reacts readily with ammonia or with aniline and is gradually hydro¬ 
lysed by chalk and water. Thus the amide , CC1 3 'C 6 H 3 (CC1 3 )*C0*NH 2 , 
is obtained in colourless needles when dry ammonia is passed into 
the solution of the acid chloride in benzene. This amide melts at 
176° with elimination of hydrogen chloride, due probably to the 

formation of the substance CC1 3 'C 6 H 3 <C^^^>0,HC1 (compare 

Gabriel and Landsberger, JBer., 1898, 31, 2732). The addition of 
aniline to the solution of the hexachloro-acid chloride in benzene 
yields the anilide of 2 : 4-di {trichloromethyl) benzoic acid , 
CCl 8 -C 6 H 3 (C01 3 )'C0-NHPh, 

m. p. 203°. When the hexachloro-acid chloride is boiled with 
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chalk and water, gradual hydrolysis takes place, each -CC1 3 group 
becoming -C0 2 H, and ultimately an almost quantitative yield of 
trimellitic acid, C0 2 H'C 6 H 3 (C0 2 H)'C0 2 H, is obtained. 

Experimental. 

2 : 4 -Dimethylacetophenone, CH 3 *C 6 H 3 (CH 3 )*CO*CH 3 .—Anhydrous 
ferric chloride (100 g.) is just covered with dry carbon disulphide 
in a 2-litre flask, fitted with a reflux condenser and dropping funnel, 
and a mixture of m-xylene (100 g.) and a slight excess of acetyl 
chloride (84 g.) is slowly run in with occasional vigorous shaking, 
the operation taking about f hour. The whole is heated on the 
steam-bath until the evolution of hydrogen chloride ceases (approx. 
2 hours), the thick dark liquid poured into water, and after addition 
of ether, the black ether layer is well washed with water and dilute 
sodium hydroxide, dried over calcium chloride, and the ether 
removed. Meissel ( Ber ., 1899, 32, 2420) recommends distilling 
the dark oil in steam, but this is unnecessary, since ordinary dis¬ 
tillation suffices, the portion distilling at 220—230° being sufficiently 
pure for most purposes and on redistillation the pure ketone distils 
at 228°/760 mm. (Found: C, 81-0; H, 8*2. C 10 H 12 O requires 
C, 81*0; H, 8*1%). 

2:4 -Bimethylbenzoic Acid, CH 3 *C 6 H 3 (CH 3 )*C0 2 H.—After several 
comparative experiments, the best oxidising agent for converting 
2 : 4-dimethylacetophenone into this acid was found to be sodium 
hypobromite, but unless the temperature is kept as near 0° as 
possible both in the preparation of the hypobromite and in the 
subsequent oxidation, a brominated 2 :4-dimethylbenzoic acid is 
also obtained which melts at 180° and is apparently identical with 
the 6-bromo-2 :4-dimethylbenzoic acid, m. p. 183—184°, described 
by Noyes (Amer. Chem. J 1898, 20, 802) (Found: C, 47*1; H, 
4*1. C 9 H 9 0 2 Br requires C, 47*2; H, 3*9%). Sodium hydroxide 
(80 g.) is dissolved in water (1600 c.c.) cooled to 0°, and then bromine 
(160 g.) carefully run in in small quantities with vigorous shaking, 
2:4-dimethylaeetophenone (50 g.) is now added and the whole 
shaken continuously for 2 hours. The operation is seen to bo at 
an end when the surface layer of the ketone gives place to a heavy 
layer of bromoform. After this has been run off, the aqueous 
solution is saturated with sulphur dioxide, when 2 :4-dimethyl¬ 
benzoic acid is precipitated as a voluminous, crystalline precipitate; 
after washing and drying, it is pure enough for most purposes. 
For the chlorination experiments it was, however, found better to 
recrystallise it from dilute alcohol, from which it separates in long 
needles, m. p. 126° (Found: C, 71*9; H, 6*8. C 9 H 10 O fl requires 
C, 72*0; H, 6*7%). 
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The methyl ester, CH3-C 6 H 3 (CH 3 )‘C0 2 Me, is readily prepar 
adding the acid chloride (see below) to methyl alcohol anc 
cipitating with water. The ether extract is well washed 
water and sodium carbonate, dried over calcium chloride 
ether removed, and the oil distilled, when the methyl ester j 
over at 232—233°/762 mm. and melts at — 2° to — 1° (Fc 
C, 73-0; H, 7-3. C 10 H 12 O 2 requires C, 73-2; H, 7-3%). 

Z-BrorrumethylA-methylbenzoyl Bromide , CH 3 *C 6 H 3 (CH 2 Br)< 

—The 2:4-dimethylbenzoyl chloride required in large quae 
for this and the subsequent operations was obtained in a yie 
90% by boiling the acid with 10% excess of thionyl chloride, 
dark oil remaining after distilling off the excess distilled at £ 
236°/760 mm . or at 113—115°/15 mm. and melted at about 
(compare Ador and Meier, Ber. } 1879, 18, 1970). The bromim 
of this chloride is carried out in a flask fitted with a reflux 
denser and dropping funnel the end of which is well belov 
surface of the chloride (33-7 g.). At 160°, bromine (32 g.) is si 
run in and, provided the operation is done in plenty of sunl 
substitution rarely takes more than an hour and the tempers 
need not be raised above 180°. In ultra-violet light double 
quantity of the chloride can be brominated in an hour at a i 
perature not exceeding 160°. The separation and purifica 
of this acid bromide is rendered tedious owing to the presenc 
small quantities of its isomeride, 4c-bromomethyl~2-methylberi 
bromide> CH 2 Br*C 6 H 3 (CH 3 )*COBr, which has not been obtains 
a pure condition, although certain derivatives are described 1 
in this paper. After three or four fractionations under redi 
pressure, a yield of 50% of 2-bromomethyl-4-methylbenzoyl brom 
containing traces of the isomeride, is obtained as a slightly gi 
oil distilling at 169—171°/15 mm. It is rapidly decomposed 
moist air and should be used directly it has been prepared (Fotu 
Br, 54-9. C 9 H 8 OBr 2 requires Br, 54*8%). In order to prove t 
this substance consisted entirely of bromo-aeid bromide and 
not contain any acid chloride, the silver halide (0*4386 g.) fi 
the Carius determination was heated in a stream of chloi 
at 200° for 2 hours, when 0*3496 AgCl resulted, whereas the 
requires 0*3508. This fully confirms the observation of Da^ 
and Perkin (loc. cit.) that acid chlorides are completely conver 
into acid Bromides on treatment with bromine. 

2-Brom<mmthyl^methylbenzoic Acid , CH 3 *C 6 H 3 (CH 2 Br)"C0 2 H 
This acid is readily obtained from the acid bromide by stirr. 
with six times its weight of anhydrous formic acid, care bei 
taken that the temperature does not rise above 15°, in order 
avoid any hydrolysis of the side chain bromine atom. The operati 
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is complete in a few minutes and the precipitate of the acid is 
collected and crystallised from petroleum (b. p. 80—100°), from 
which it separates in small, colourless needles, m. p. 143—145° 
(decomp.) (Found: Br, 34-1. C 9 H 9 0 2 Br requires Br, 34*9%). 
The methyl ester, CH 3 *C 6 H 3 (CH 2 Br)*C0 2 Me 5 is obtained by adding 
the acid bromide to well-cooled methyl alcohol and, after standing 
over-night, the mixture is poured into water, ether added, and 
the ethereal extract well washed with water and dilute sodium 
carbonate, dried over anhydrous sodium sulphate, and evaporated. 
The syrup gradually crystallises in colourless needles which are 
drained and crystallised from petroleum, in which the substance 
is very soluble and from which it separates in rectangular prisms, 
m. p. 62—63° (Found : Br, 33-0. C 10 H n O 2 Br requires Br, 32-9%). 
The vapour of this methyl ester is very irritating and causes pro¬ 
longed sneezing. When boiled in a test tube for a few minutes, 
it readily loses methyl bromide with formation of 4:-methyl-l : 2- 

pTT 

phthalide , CH 3 *C 6 H 3 <C0 q in theoretical yield. The melt 

solidifies, on cooling, and the phthalide is best recrystallised from 
petroleum, from which it separates in long, colourless needles, 
m. p. 117—118° (Found: C, 72*9; H, 5*5. C 9 H 8 0 2 requires 
C, 72*9; H, 5*4%). This substance dissolves readily on boiling 
with dilute sodium hydroxide and, on the addition of hydrochloric 
acid to the cold solution, 2-hydroxymethylA-methylbenzoic acid 
separates in small needles (Found : C, 64*9; H, 5*9. C 9 H 10 O 3 
requires C, 65*1; H, 6*0%). This acid melts at 132—133° with 
loss of water and regeneration of the phthalide. 

Methyl 4c-Br(ymomethyl-2-methylbenzoate } CH 2 Br*C 6 H 3 (CH 3 )*C0 2 Me. 
—Reference has already been made (p. 2276) to the presence in 
the acid bromide, prepared as explained above, of small quantities 
of 4-bromomethyl-2-methylbenzoyl bromide. Although it was 
found impossible to isolate this from the mixture, the methyl 
ester of the bromo-acid may be obtained pure in the following 
manner. The bromo-acid bromide fraction, b. p. 160—180°/15 mm., 
is converted into the mixture of methyl esters in the way just 
described, and the mixture boiled until all the methyl 2-bromo- 
methyl-4-methylbenzoate has been converted, by loss of methyl 
bromide, into 4-methyl-l: 2-phthalide. This separates almost 
completely on mixing with light petroleum, and the filtrate, on 
evaporation, deposits methyl 4-bromomethyl-2-methylbenzoate as 
a crystalline mass which crystallises from methyl alcohol in needles, 
m. p. 55—56°, and is readily distinguished from its isomeride in 
that, on boiling, it does not decompose with loss of methyl bromide 
(Found: Br, 31*2. C 10 H u O 2 Br requires Br, 32*9%). 
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4,-Hydroxymeihyl-2-meihylbenzoic Acid, OH*0H 2 k C e H3(CH 3 )*CO 2 E 
—Complete hydrolysis of the above methyl ester (4-5 g.) is readil 
effected by boiling with potassium hydroxide (3 g. in 50 e.c. c 
water) for 2 hours. After filtering, the cold solution is acidifie 
with concentrated hydrochloric acid, the voluminous crystalhc 
precipitate collected and crystallised from boiling water, froi 
which 4c-hydroxymeihyl-2-meihylbenzoic acid separates in glistening 
rectangular plates, m. p. 141—142° (Found: C, 65*3; H, 6*. 
C 9 H l0 O 3 requires C, 65*1; H, 6*0%). 

During the recrystallisation of this acid, a small quantity of 
white substance remains undissolved and this separates froi 
dilute alcohol as a microcrystalline powder, m. p. 221—222°. ! 
is explained in the introduction (p. 2277) that this substance 
4 : 4' -dicarboxy-Z : 3' -dimethyldibenzyl ether (Found : C, 68*1; I 
5*7. C 18 H 18 0 5 requires C, 68*8; H, 5*7%). On titration, 0*02£ 
required 1*6 c.c. of N /10-NaOH for neutralisation, whereas th 
amount of a dibasic acid, C 18 H 18 0 5 should neutralise 1*6 c.c. H 
molecular weight, determined by the method of Bast (Ber., 192, 
55, 1051, 3727), when 0*0047, dissolved in 0-0859 of eampho 
caused a depression in the m. p. of camphor of 6-9°, was found ; 
317, whereas C 18 H 18 05 requires M , 314. 

2 : 4z-Di(bramomeihyl)benzoyl Bromide , CH 2 Br*C 6 H 3 (CH 2 Br)*COE 
—The bromination of 2 :4-dimethylb<§nzoyl bromide to this staj 
cannot be effected with good results in sunlight, but with the a 
of a mercury lamp and careful regulation of the temperature 
yield of 40—50% of the above bromide may be obtained. Startii 
with the temperature at 150°, bromine (106 g.) is slowly dropp< 
into 2 : 4-dimethylbenzoyl chloride (56 g.), the operation beu 
complete in 2 hours if the temperature at the end of the expe] 
ment is allowed to rise to 190°. Above this, considerable darkenii 
of the liquid takes place and subsequent fractionation is render 
diffi cult owing to the formation of much tar. The dark grei 
liquid is distilled in small quantities under reduced pressure 
quickly as possible and the fraction 215—230°/15 mm. aga 
distilled, when the fraction 223—228°/15 mm. consists of almc 
pure 2 :4-di{bromomethyl)benzoyl bromide (Found: Br, 64 
Cy3 7 OBr 3 requires Br, 64*7%). This bromide is a viscid, gre 
syrup which fumes in moist air and shows no signs of cryrtallisi 
even on long standing. 

2z4rjDi(brontemethyl)bmzoic Acid, CH 2 Br*0 6 H 3 (CH 2 Br)*C0 2 H. 
This add, prepared in the usual manner by stirring the acid bromi 
with anhydrous formic acid at as low a temperature as possi] 
(p. 2284), crystallises from benzene in small, colourless prisi 
m. p. 158° (Found : Br, 52*4. C 9 H 8 0 2 Br 2 requires Br, 52-0°, 
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The methyl ester, obtained by adding the dibromo-acid bromide 
to well-cooled methyl alcohol, separates from the mixture and 
crystallises from methyl alcohol in long, colourless, feathery needles, 
m. p. 83—84° (Found : Br, 49*7. C 10 H 10 O 2 Br 2 requires Br, 49*7%). 
The vapour of this methyl ester is very pungent and produces 
prolonged sneezing, and solutions cause burns when brought in 
contact with the skin. When this methyl ester is boiled in a test- 
tube for a few minutes, it loses methyl bromide, and the melt, on 
cooling, crystallises in fan-shaped masses of needles. This consists 

of nearly pure k-bromomeihyl-l : 2 -phthalide, CH 2 Br-0 6 H 3 <CQQi^0, 

which separates from methyl alcohol in small, glistening plates, 
m. p. 159°, and is very pungent when warmed (Found : Br, 34*9. 
C 9 H 7 0 2 Br requires Br, 35*2%). 

4-Hydroxymethyl-l : 2-phthalide, 0H*CH 2 *C 6 H 3 <Cq^^> 0. —This 

substance may be obtained by boiling 2 : 4-di(bromomethyl) benzoyl 
bromide with precipitated chalk and water, but the method is 
unsatisfactory owing to the difficulty in purifying the product. 
Subsequently it was found that a much better yield of pure sub¬ 
stance can be obtained by boiling 4-bromomethyl-l : 2-phthalide 
(5 g.) with chalk (2 g.) and water (50 c.e.). After cooling, the 
solution is acidified with hydrochloric acid and the whole quickly 
filtered, when the filtrate gradually deposits small, colourless prisms 
(2*5 g.). 4-Hydroxymethyl-l : 2-phthalide , m. p. 124—125°, is 
readily soluble in hot water or toluene but sparingly so in cold 
water or ether (Found : C, 66*1; H, 4*9. C 9 H 8 0 3 requires C, 65*9; 
H, 4*9%). 

2 : 4-ZX (hydroxymethyl)benzoic Acid , 

0H-CH 2 *G 6 H 3 (CH 2 -0H)-C0 2 H. 

—This, the parent substance of the above hydroxymethylphthalide, 
is prepared by warming the latter with sodium hydroxide, cooling 
well, and acidifying with hydrochloric acid. After being quickly 
collected, washed with water, and left on porous porcelain exposed 
to air, the small, colourless, glistening plates melt at 145—146° 
(Found : C, 59-2; H, 5*6. C 9 H l0 O 4 requires C, 59-3; H, 5*5%). 
Ethyl ^-Hydroxymethyl -1 : 2-phthalideoxalate, 


OH-CBVCJBL 


: 2 - c 6 h 3 \ c >° 


/ C:C(OH)*C0 2 Et 


—In preparing this substance, absolute alcohol (0*4 c.c.) is carefully 
added to molecular potassium (0*4 g.) under dry ether (30 c.c.) 
and after the evolution of hydrogen has ceased and a slight excess 
of potassium is present, oxalic ester (1*5 g.) is added. Combination 
follows at once, the potassium ethoxide passes into solution and 
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the colour changes to yellow. Hydroxymethylphthalide (1-7 g.) 
suspended in dry ether is now added and the whole left over-night. 
The voluminous, yellow precipitate is collected, dissolved in a 
little water, and the orange solution of the potassium derivative 
acidified The viscid oil which gradually crystallises separates 
from dilute alcohol in small, colourless prisms, m. p. 169—170° 
(Found : C, 59*3; H, 4*6. C 13 Hi 2 0 6 requires C, 59*1; H, 4-6%). 
The methyl-alcoholic Solution gives, on the addition of ferric 
chloride, a deep violet coloration, and the substance is immediately 
soluble in sodium hydroxide to a yellow solution. 

4z-Cyanomethyl-l : 2 -phthalide, CH 2 (CN)*C 6 n 3 <CQ^^ > 0.—2 : 4- 

Di(hromomethyl)benzoic acid (25 g.) was gradually added to 
potassium cyanide (14 g.) dissolved in alcohol (50 c.c.) and water 
(100 c.c.) and, after the somewhat vigorous reaction had subsided, 
the whole was heated on the steam-bath for 10 minutes, cooled, 
and diluted with water (100 c.c.). The solution, acidified with 
hydrochloric acid, was extracted with ether, and the ethereal layer 
well washed with water and dried over calcium chloride, when a 
small quantity of a red gum separated. The ether was then removed 
from the filtered solution; the oil, which gradually solidified, separ¬ 
ated from benzene in small plates, m. p. 123—124° (Found: C, 69*5; 
H, 4*1; N, 8-0. C 10 H 7 O 2 N requires C, 69*4; H, 4*0; N, 8*1%). 
1: 2-PMhalideA-Cbceiamide is readily prepared by shaking the 
cyano-derivative (3 g.) with hydrogen peroxide (30 c.c. of 6%) 
and sodium hydroxide (1 c.c. of 10%) at 40°. When all has 
dissolved and the evolution of oxygen has ceased, the solution is 
acidified with concentrated hydrochloric acid and the small, white 
plates are collected. This amide separates from alcohol in feathery 
needles, m. p. 218—219° (slight decomp.) (Found: C, 62*7; H, 
4*8. C 10 H 9 O 3 ]Sr requires C, 62-8; H, 4*7%). 

1 : 2-PMhalideA-acetic Acid , C0 2 H-CH 2 -C 6 H 3 <^_£>0.—The 

hydrolysis of 4-cyanomethyl-l: 2-phthalide by methyl-alcoholic 
potassium hydroxide yields a product which is difficult to purify, 
but the acid is readily obtained in a practically theoretical yield 
under the following conditions. The amide (0*24 g.) is dissolved 
in concentrated sulphuric acid and the whole heated on the steam- 
bath for a few minutes, cooled to 0°, and sodium nitrite (0*2 g.) 
dissolved in water (1 c.c.) added. After heating on the steam- 
bath for about 3 minutes, the product is poured into water (5 c.c.), 
when, on cooling, needles are deposited which are completely 
soluble in dilute sodium carbonate and, after recrystallisation from 

water, melt at 161—162° and consist of 1:2-phthalide-4-acetie 
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acid (Found: C, 62*3; H, 4-3. C 10 H 8 O 4 requires 0, 62*5; H 

4*2%). 

The only indication that an unsymmetrical dibromo-derivative 
is formed during the bromination of 2 :4-dimethylbenzoyl chloride 
was obtained when a large quantity of the dibrominated bromide 
(b. p. 215—230°/15 mm.) was hydrolysed with chalk and water 
(compare p. 2287). 

On adding phenylhydrazine to the mother-liquor from which the 
4-hydroxymethyl-1 : 2-phthalide had separated, a small quantity of 
a condensation product was obtained which crystallised from 
benzene-petroleum in small, yellow prisms, m. p. 179—180° 
(Found: C, 70*7; H, 5*4.' requires C, 70*8; H, 

5*5%). This substance is evidently the phenylhydrazone either of 
CH0-C 6 H 3 (CH 3 )*C0 2 H or of CH 3 *C 6 H 3 (CH0)*C0 2 H, probably the 
former, but the amount available was too small for further 
investigation. 

Preparation of the Mixture of 2 : 4:-Di (ckloromethyl)- and 2 : 4- 
j Di(dichloromethyl)benzoyl Chlorides , CH 2 C1 , C 6 H3(CH 2 C1)‘C0C1 and 
CHC1 2 *C 6 H 3 (CHC1 2 )*C0C1.—The apparatus employed in the pre¬ 
paration of all the chlorinated 2:4-dimethylbenzoyl chlorides 
described in this communication consisted of a quartz flask, of 
300 e.c. capacity, having a wide neck about 12 inches long in which 
was fitted a cork bored with three holes for carrying a thermometer, 
an adapter for attaching to a reflux condenser, and a tube, for 
introducing the chlorine, reaching nearly to the bottom of the 
flask. The whole apparatus (without the condenser) with its 
contents could be weighed from time to time in order to determine 
the amount of chlorine absorbed, and chlorination was always carried 
out in close proximity to a powerful ultra-violet light mercury lamp. 

When 2:4-dimethylbenzoyl chloride (p, 2284; 60 g.) was 

chlorinated under these conditions at a temperature starting at 
180° and gradually rising to 210° until 3 atoms of chlorine had 
been absorbed, and the product fractionated, about 60% passed 
over at 184—186°/16 mm. as an almost colourless, fuming oil 
which gave analytical results corresponding with those required 
for a trichloro-dime&hylbenzoyl chloride (Found : Cl, 51*7. C 9 H 6 001 4 
requires Cl, 52*2%). As stated in the introduction (p. 2278), this 
oil is in reality a constant-boiling mixture consisting essentially Of 
di- and tetra-ehloro-acid chlorides and containing only a small 
quantity of the triohlorinated chloride. From this mixture the 
following derivatives were prepared. 

4:-Chloromethyl~l : 2-phthalide^ CH 2 C1*C 6 H 3 <Cq 0.—The mixed 
chlorides were converted into the mixed methyl esters by boiling with 
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methyl alcohol; these were isolated in the usual manner (p. 2285). 
When the resulting oil was heated to boiling in small quantities, 
the methyl ester, CH 2 C 1 *C 6 H 3 (CH 2 Cl)*C0 2 Me, readily decomposed * 
with e limina tion of methyl chloride and formation of solid 4-ehloro- 
methyl-1 : 2-phthalide; this may be freed from the oily admixture 
by rubbing with methyl alcohol and subsequent recrystallisation 
from this solvent, from which it separates in glistening plates, 
m. p. 143—144° (Found: C, 58-5; H, 3*9; 01, 20*2. C 9 H 7 0 2 C1 
requires C, 59-2; H, 3*8; Cl, 19*5%). 

2 : 4:-Dialdehydobenzoic Acid , CH0*C 6 H 3 (CH0)*C0 2 IL— The 
chlorinated acid chloride (b. p. 184—186°/16 mm.; 47 g.) was 
boiled with chalk (50 g.) and water (300 c.c.) for 4 hours, precaution 
against access of air being taken by the use of a Bunsen valve 
attached to the top of the condenser. The product was cooled, 
acidified with concentrated hydrochloric acid, and, after remaining 
over-night, a gummy solid (A) was filtered of? and the filtrate 
extracted three times with ether. The white solid obtained after 
drying and removing the ether separated from 50% acetic acid in 
nodules, m. p. 138—139°, and consisted of 2 : 4-dialdehydobenzoic 
acid. This was proved by mixing with a specimen of the di- 
aldehydo-aeid prepared as described on p. 2292, when there was no 
depression in m. p,, and also by conversion into the characteristic 
dianilino - derivative, m. p. 208°. The gummy solid (A) mentioned 
above was again heated with chalk and water for 3 hours, and 
the filtered solution acidified. The crystalline precipitate so 
obtained was extracted with boiling water and filtered from gum 
when, on cooling, a crystalline mass of impure 4-aldehydo-l : 2- 
pMkalide was deposited and this separated from water, in which 
it was only sparingly soluble, in small plates, m. p. 159—160°, the 
yield being about 10% of theory (Found: C, 66*4; H, 3*6. 
CgH 6 O s requires C, 66*7; H, 3*7%). This substance is insoluble 
in sodium bicarbonate but dissolves on warming with sodium 
hydroxide. The phenylhydrazone is obtained by adding phenyl- 
hydrazine to the solution of the substance in dilute acetic acid 
and separates from alcohol in lemon-yellow needles, m. p. 171— 
172° (Found: N, 11*2. C 15 H 12 0 2 N 2 requires N, 11*1%). 

The Action of Alkali on 4:-Aldehydo-l : 2-phthalide .—When this 
phthalide (0*5 g.) was mixed with 2A r -sodium hydroxide (5 c.c.) 
and warmed for about J minute on the steam-bath, complete 
solution took place. Addition of hydrochloric acid to the cooled 
solution precipitated a crystalline solid which, after drying in 
the vacuum desiccator, was found to be nearly pure 2 -hydroxy- 

* The decomposition of the methyl ester, CHCl 2 *C 6 H 3 (GHCl 2 )*C0 2 Me, into 
the syrupy 4-diehloromethyl-l: 2-chlorophthalide is described on p. 2292. 
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methylterephthcdic acid (see below) (Found: C, 55*8; H, 4-4. 
0 9 H 8 0 6 requires C, 55*1; H, 4*1%). 

This acid was heated in the air-oven at 110° for an hour, 
extracted with cold sodium bicarbonate, filtered, and the filtrate 
acidified. The indefinite, crystalline powder so obtained melted 
at 279—280° and consisted of 4:-carboxy-l : 2-phthalide , 

C0 2 H-C 6 H 3 <qq_£> 0 

(Found : C, 60*6; H, 3*3. C 9 H 6 0 4 requires C, 60*7; H, 3*3%). 

The lactone ring in this substance readily suffers hydrolysis 
when the substance is warmed with dilute sodium hydroxide, 
with the formation of the 2-hydroxymethylterephthalic acid, which 
apparently has no definite melting point but, on heating, gradually 
passes, with loss of water, into the lactone. Titration : 0*0884 re¬ 
quired 8*9 c.c. of jVyiO-KTaOH for neutralisation, whereas this 
amount of a dibasic acid, C 9 H 8 0 5 , should neutralise 9*0 c.c. 

2 : 4=-Di(dichloromethyl)benzoyl Chloride , CHCl 2 *C 6 H 3 (CHCl 2 )*COCl. 
— 2 : 4-Dimethylbenzoyl chloride (p. 2284) was chlorinated in ultra¬ 
violet light at a temperature initially at 200° and rising to 220° 
in the apparatus described on p. 2289, until the amount of 
chlorine absorbed corresponded with the substitution of four 
atoms of hydrogen. 

On twice fractionating, 60—70% of the product distilled at 
192—193 o /10 mm. as a nearly colourless oil which is not readily 
attacked by moist air (Found: Cl, 57*8. C 9 H 5 0C1 5 requires Cl, 
57*9%). When the benzene solution of this chloride was mixed 
with aniline, the anilide of 2 :4-di(dichloromethyl)benzoic acid 
was obtained which separated from alcohol in colourless needles, 
m. p. 159° (Found: Cl, 38*7; N, 3*9. C 15 H n ONCl 4 requires Cl, 
39*1; N, 3*9%). The fact that this derivative appeared to be a 
single substance may be taken as evidence that the chloride con¬ 
sists essentially, if not entirely, of 2 :4-di(dichloromethyl)benzoyl 
chloride. 

2 ; 4:-Di(dichloromethyl)benzoic Acid , CHCl 2 *C 6 H 3 (CHCl2)*C0 2 H.— 
Owing to its stability to hydrolytic agents, some difficulty was 
experienced in converting the above acid chloride into the corre¬ 
sponding acid. Boiling with anhydrous formic acid decomposes 
the chloride fairly readily but also attacks the ^-chlorine atoms. 
Comparative experiments showed, however, that, if the tem¬ 
perature is not allowed to rise above 60°, hydrolysis is confined 
to the acid chloride group. The acid crystallises from the formic 
acid and is recrystallised from benzene-petroleum, separating in 
colourless needles, m. p. 159—160° (Found : Cl, 48*5. C 9 H 6 O a Cl 4 
requires Cl, 49*3%). The methyl ester, prepared by mixing the acid 
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chloride with methyl alcohol, is a colourless oil distilling at 186— 
188°/12 mm. (Found: d, 47*0. C 10 H 8 O 2 Cl 4 requires 01, 47-0%). 
This methyl ester is remarkably stable and may be distilled in 
small quantities at ordinary pressures with little decomposition, 
but when it is kept boiling, it gradually loses methyl chloride 
with the formation of 4-dichloromethyl‘l : 2-cMoropMhaiide , 

CHCI 2 -CeH 3 <^i>0 > 

which distils at 297°/763 mm. and was not obtained crystalline 
(Found : Cl, 42*7. O^HgOgClg requires Cl, 42*9%). 

2 : 4-Dialdehydobenzoic Acid , CH0*C 6 H 3 (CH0)*C0 2 H (compare 
p. 2290).—The hydrolysis of 2 : 4-di(dichloromethyl)benzoyl chloride 
(30 g.) with precipitated chalk (40 g.) and water (300 c.c.) proceeds 
smoothly at the temperature of the boiling mixture if precautions 
are taken to exclude air during the process. After boiling for 
about 3 hours and until no oily drops of the chloride are left, 
the product is cooled, filtered, excess of hydrochloric acid added, 
and the whole left over-night. The crystalline solid is collected 
and the filtrate extracted several times with ether, as the aldehydo- 
acid is soluble in the acid solution. The solid so obtained is difficult 
to crystallise. It is very sparingly soluble in chloroform, benzene, 
or petroleum but readily so in acetone, alcohol or formic acid. 
It is also very soluble in water and does not crystallise on cooling. 
It may, however, be recrystallised from acetic acid (50%), separ¬ 
ating in small nodules, m. p. 140—141°, the yield, calculated on 
the chloride employed, being about 70% (Found: C, 60*6; H, 
3*5. C 9 H 6 0 4 requires C, 60*7; H, 3*3%). The dianilino-deTivsitive 
is obtained when the alcoholic solution of the acid is warmed with 
aniline and separates from methyl alcohol in colourless needles, 
m. p. 208° (Found : C, 76*7; H, 5*0; N, 8*5. CaiH^OgNg requires 
0, 76*8; H, 4*9; N, 8*5%). This derivative is insoluble in sodium 
carbonate and dissolves in concentrated sulphuric acid to a yellow 
solution the colour of which is discharged on adding water. 

Condensation with phenylhydrazine . When phenylhydr&zine 
(2 mok.) is added to the solution of dialdehydobenzoic acid (1 mol.) 
in hot dilute glacial acetic acid, an orange oil is immediately pre¬ 
cipitated which solidifies at once to a mass of yellow needles in¬ 
soluble in sodium carbonate. After recrystallisation from alcohol, 
in which it is . sparingly soluble, this anhydro-2 : 4-dialdehydobenzoic 
add diphmylkydrazcme is obtained in canary-yellow prisms, m. p. 
264—266° (Found : C, 73*9; H, 4*6; N, 16*4. C 21 H 16 OIT 4 requires 
O, 74*1; H, 4*7 ; N, 16-5%). 

C&ndmsatwn iviih ^nitrophenyUtydraziyie . When an alcoholic 
oolution Of dialdehydobenzoie acid was added to a hot dilute solu- 
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tion of p-nitrophenylhydrazine hydrochloride, a flocculent, orange 
precipitate separated which could not be recrystallised. It is 
insoluble in cold dilute sodium carbonate but dissolves with a 
dark claret colour on warming. It is immediately soluble in cold 
dilute sodium hydroxide. It seems probable that this substance 
is the ip-nitrophenylhydrazone of i-aldehydo-l : 2 -hydroxyphthalide 

and has the constitution N0 2 , C 6 H 4 # N 2 H!CH*C 6 H 3 <C^^qq5^0 

(Found: C, 57*5; H, 3*8; N, 13*5. C 15 S 1:L 0^ 3 requires C, 
57*5; H, 3*5; N, 13*4%). This substance exhibits a curious 
behaviour in the melting-point tube, the reason for which is not 
clear. Having shrunk somewhat at 205—210°, it melts at 221— 
223°, solidifying almost at once and melting at 236—237°; after 
it has again solidified, its m. p. is about 180°. If p-nitrophenyl- 
hydrazine and dialdehydobenzoic acid, both dissolved in glacial 
acetic acid, are mixed, an orange powder separates which is only 
slowly hydrolysed by sodium hydroxide, melts at 235°, and appears 
to be an acetyl derivative of the above substance (Found: C, 
57*5; H, 3*7; N, 11*8. C 17 H 13 0 6 N 3 requires C, 57*5; H, 3*7; 
N, 11*8%). Lastly, if the condensation is performed in hot nitro¬ 
benzene solution, a substance is obtained in small, orange prisms, 
m. p. 295° (decomp.), which is evidently the dinitro-derivative 
of the anhydro-diphenylhydrazone, 

H 0 2 .C.H,-N ! H:CH.C 6 H 1 <g^. CA . N0t 

(Found : N, 19*2. C 21 H 14 0 5 N 6 requires N, 19*5%). 

PerUachloro- 2: 4z-dimethylbenzoyl Chlorides, CC1 3 *C 6 H 3 (CHC1 2 )-C0C1 
and CHC1 2 *C 6 H 3 (CC1 3 )*C0C1.—The introduction of five atoms of 
chlorine into 2; 4-dimethylbenzoyl chloride (61 g.) is complete 
in about 3J hours under the influence of ultra-violet light, the 
temperature towards the end of the process being raised to 220° 
and the chlorination being conducted in the apparatus described 
on p. 2289. On distillation, no fractionation was accomplished, 
as the whole boiled between 188° and 192°/14 mm. Redistillation 
yielded a viscid, colourless liquid, b. p. 191—192°/14 mm., in a 
yield of 60—70% (Found: Cl, 62*7. C 9 H 4 0C1 6 requires Cl, 62*5%). 
As it was expected that this fraction would prove to be a mixture 
of the chlorides figured above, it was decided that the best evidence 
on this point would probably be obtained by the study of the 
behaviour of the supposed mixture on hydrolysis with chalk and 
water. The pentachlorinated acid chloride (120 g.) was boiled 
with excess of chalk and water in the usual maimer for 12 hours, 
when, on cooling and acidifying, a crystalline mass separated 
immediately; this was filtered off and the filtrate (A) reserved for 
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further examination. The mass after two reerystallisations from 
acetic acid, in which it was only sparingly soluble in the cold, 
melted at 237° and consisted of 2 -aldehydoterephthalic acid. The 
melting point was raised to 242° by dissolving in dilute sodium 
hydroxide and then adding excess of dilute hydrochloric acid; 
the clear solution, on standing over-night, had deposited long, 
glistening needles of the pure dibasic aldehydo-acid (Found: 
0,55-9; H, 3*2. C 8 H 6 0 5 requires C, 55*7; H, 3*1%). Titration: 
0-1636 required for neutralisation 16-8 c.c. of N /10-NaOH, 
w&ereas this amount of a dibasic acid, C 9 H 6 0 5 , should neutralise 
16-8 c.c. * 


The conversion of 2-aldehydoterephthalic acid into the corre¬ 
sponding alcohol and acid by the action of alkalis does not proceed 
so readily as in the case of 4-aldehydo-l : 2-phthalide (p. 2279), 
since it was found necessary to boil with 25% sodium hydroxide 
to complete the decomposition. On acidifying the cold solution, 
a colloidal mass separated which was difficult to filter and, on 
dissolving the mass in boiling alcohol and allowing to cool slowly, 
a crystalline mass separated which melted at 280° and consisted 
of 4:-carboxy-I : 2-phthalide, since a mixed melting point with a 
specimen of this substance obtained as described onp. 2291 showed 
no depression. 

Anhydro-2-aIdehydoterephthalic acid phenylhydrazone. 




is obtained by adding phenylhydrazine to the aqueous solution of 
the acid, and crystallises from alcohol in colourless clusters of 
prisms, m. p. 326—327°. This high melting point coupled with 
the absence of colour is in harmony with a derivative of tere- 
phthalic acid and the presence of the opiazone ring (Found: C, 68*1; 
H, 3*9; If, 10*4. C^H^OgNg requires 0, 67*7; H, 3*8; N, 10*5%). 
On titration, 0*0730 required 2*8 c.c. of J\ r /10-NaOH for neutral¬ 
isation, whereas this amount of a monobasic acid, C^H^OglSl^ 
should neutralise 2*74 c.c. 

2-AUehydoterepMJialic Acid Oxime, C0 2 H*C 6 H 3 (CH!N*0H)*CO 2 H, 

and the Imide of Trimellitic Acid, C02H*C 6 H 3 <qq]>NH.—W hen 

the aldehydo-acid (0*5 g.) is mixed with a concentrated aqueous 
solution of hydroxylamine hydrochloride (1 g.) and a little alcohol 
(3 c.c.), the crystals soon change into a thick precipitate of the 
oxime, which is difficult to recrystallise but separates from alcohol 
as a rather indefinitely crystalline powder (Found: C, 51*1; H, 
3-6; H*, 6-3. requires C, 51*7; H, 3*3; N, 6*7%). On 

titration : 0-0839 required 8*2 c.c. of 2^/10-lfaOH for neutral- 
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isation, whereas this amount of a dibasic acid, C 9 H 7 0 5 lsr, should 
neutralise 8*03 c.c. 

This oxime decomposes at about 136° with a slight puff and 
the melt almost imm ediately solidifies and melts again at about 
242°. The substance so formed crystallises from water in needles, 
m. p. 248—249°, and has all the properties of the imide of trimellitic 
acid, a small specimen of which was prepared from trimellitic acid 
for comparison. 

4c-Aldehydo-l : 2-phthalic Acid , CH0-C 6 H 3 (C0 2 H)*C0 2 H.—The 

filtrate A (see above) from the 2-aldehydoterephthalic acid was 
extracted several times with ether and the ether removed, when 
a colourless, seemingly amorphous residue was obtained which 
contained 2 :4-dialdehydobenzoic acid, trimellitic acid, and 4-alde- 
hydophthalic acid. We were unsuccessful in our efforts to obtain 
the last acid in a state of purity, but it was easily identified by 
means of the phenylhydrazone. Addition of phenylhydrazine to a 
dilute acetic acid solution of the mixed acids soon precipitates a 
mixture of phenylhydrazones, on warming, which are partly soluble 
in dilute ammonia. 

When the mixture was extracted with this reagent, anhydro- 
2 :4-dialdehydobenzoic acid diphenylhydrazone (p. 2292) remained 
undissolved and was filtered off, and the weight of this showed 
that 2 :4-dialdehydobenzoic acid must have been present to the 
extent of 25% of theory calculated on the original chlorinated 
chloride. The filtrate, on acidifying, deposited a gelatinous mass 
very difficult to filter and, when this was extracted with boiling 
water, the filtered extract deposited, on cooling, yellow nodules 
which melted at 118° and at the same time lost water and turned 
red. Analysis indicated that this substance is the hydrate of the 
phenylhydrazone of 4 -aldehydophthalic acid (Found: C, 60*4; 
H, 4*7; N, 9*7. C 15 H 12 0 4 N 2 ,H 2 0 requires C, 59*6; H, 4*6; N, 
9*3%). If this hydrate is exposed in a vacuum desiccator over 
sulphuric acid until the weight is constant, the mass melts at 174° 
with loss of water and is evidently the phenylhydrazone of 4-aMe- 
hydophthalic acid (Found : C, 63*4; H, 4*7; N, 9*7. C 15 H 12 0 4 N 2 
requires C, 63*4; H, 4*2; N, 9*9%). 

When this substance is heated in the air-oven at 115°, it loses 
a molecule of water and is converted into the corresponding phthalie 
anhydride, an orange-red powder, m. p. 216—217°, which is not 
soluble in sodium carbonate (Found : C, 67*1; H, 3*7. Ci k HiaOJSTo 
requires 0,67-7; H, 3-8%). * 

2 : 4:-Di{trichloromethyl)bmzoyl Chloride , CCl 3 *C 6 H 3 (CCl 3 )*CQCl, and 
2 : 4:-Di(trichloromeihyl)benzoic Acid.— The above acid chloride is 
obtained from 2:4-dimethylbenzoyl chloride by introducing 6 
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chlorine atoms in the usual manner (compare p. 2289) and is a 
colourless oil, b. p. 192—196°/15 mm., which does not fume in 
moist air (Found : Cl, 65*2. C 9 H 3 0C1 7 requires Cl, 65*9%). Formic 
acid does not react with this acid chloride at all readily and, in 
order to being about hydrolysis and ensure that the decomposition 
was confined to the acid chloride group, it was found necessary to 
leave the mixture of the chloride and anhydrous formic acid for 
about 2 weeks with occasional shaking and warming to, but not 
above 60°. The solid was collected and recrystallised from petrol¬ 
eum, from which 2: 4:-di(trichloromethyl)benzoic acid separated in 
colourless needles, m. p. 170—171° (Found: Cl, 58*8. C 9 H 4 0 2 C1 6 
requires Cl, 59*6%). 

The anilide , obtained from the acid chloride by adding aniline 
to the solution in benzene, separates from alcohol, in which it is 
sparingly soluble, in colourless prisms, m. p. 202—203° (decomp.) 
(Found: Cl, 48-9; N, 3-4. C 15 H 9 0NC1 6 requires Cl, 49-3; N, 
3*3%). 

The amide , obtained by passing dry am m onia through the acid 
chloride dissolved in dry benzene, at the laboratory temperature, 
was collected, washed free from ammonium chloride, and crystallised 
from benzene, from which it separated in colourless needles which 
shrank at 165° and melted at 175—176° with evolution of hydrogen 
chloride (Found : Cl, 59*3. C 9 H 5 0NC1 6 requires Cl, 59*8%). 

The methyl ester, obtained by boiling the chloride with methyl 
alcohol, is a thick, colourless liquid, b. p. about 210°/15 mm. 
Although odourless when cold, it becomes pungent and lachrymatory 
on warming (Found: Cl, 56*7. C 10 H 6 O 2 Cl 6 requires Cl, 57*4%). 
The usual decomposition takes place on heating this ester to boiling 
and 4t4richloromethyl- 1: 2-phthalyl chloride is formed, a colourless 
liquid which distils at 186—187°/12 mm. and has a rather pleasant 
odour (Found: Cl, 55*6. CqR s 0 2 C1 5 requires Cl, 55*4%). The 
fact that this substance does not fume in moist air and that it 
does not appear to be attacked by anhydrous formic acid to yield 
the corresponding substituted 4-trichloromethylphthalic acid, rather 
suggests the unsymmetrical formula. On the other hand, the 
addition of aniline to the solution in benzene causes the separation 
of a dianilide of the probable constitution CCi 3 *C 6 H 3 (CO*NHPh) 2 . 
This separates from alcohol, in which it is only sparingly soluble 
even on boiling, in minute colourless needles, m. p. 220° (Found: 
&, 24-8; N* 6-5. C 21 H 15 0 2 N 2 C1 3 requires Cl, 24-7; N, 6-5%). 
It is curious that, whilst 2 ; 4-di(trichloromethyl)benzoyl chloride 
as so resistant to hydrolysis by formic acid, it is readily decom- 
posed byfifing with chalk and water under the usual conditions 
(p. 2290). On concentrating the solution of the calcium salt and 
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acidifying with a large excess of hydrochloric acid, trimellitic acid, 
m. p. 226—227°, is obtained in almost theoretical yield. On 
titration : 0*05 required 16*0 c.c. of 0*0444 W-Ba(OH) 2 for neutral¬ 
isation, whereas this amount of a dibasic acid, C 9 H 6 0 6 , should 
neutralise 16*06 c.c. The calcium salt In one experiment, the 
concentrated product of the hydrolysis of the hexachlorobenzoyl 
chloride with chalk was mixed with insufficient hydrochloric acid, 
when, on standing, a highly characteristic calcium salt separated 
in feathery needles [Found : Ca, 22*4. (C 9 H 3 0 6 ) 2 Ca 3 requires 

Ca, 22*4%]. This salt, which does not appear to have been de¬ 
scribed, is very sparingly soluble in boiling and almost insoluble 
in cold water. 

The authors desire to thank the Chemical Society for a grant 
which has partly covered the cost of this investigation. 

The Dyson Perrins Laboratory, 

Oxford. [Received, July 20 th, 1925.] 


CCCXIV .—Synthesis of Substituted 4:-Keto-l : 2 : 3:4- 
tetrdhydroquinolines and an Attem%>t to Synthesise 
4:-Keto-l : 2:3: 4:-tetrahydroisoquinoline. 

By George Roger Clemo and William Henry Perkin, jun. 


In the first part of this research (J., 1924, 125, 1608) it was shown 
that toluene-p-sulphonanilide condenses with (3-chloropropionic 
acid to give the toluene -p - sulphonyl derivative of (3-aiiilinopropionic 
acid, hTPh(S0 2 *C G H4Me)*CH 2 *CH 2 *C0 2 H (I) and that this, on treat¬ 
ment with phosphoric oxide, yields the toluene-'p-sulphonyl derivative 
of 4-keto-l : 2 : 3 : 4-tetrahydroquinoline * (II), from which the 
base itself (III) is obtained on hydrolysis. When, however, (I) is 
digested with phosphoryl chloride, the toluene-y-sulphonyl derivative 
of 3-chloro-4-ketotetrahydroquinoline (IV) is obtained as the result 
of combined ring closure and chlorination. 


C fi H, 


N-SOjjXf 

\/CH 2 
CO (II.) 


NH 

p H /X 9 H 2 

CO (m.) 


N*SO a X 
CO (IY.) 


The formation of the chlorinated derivative (IV) and the fact that 
this is reduced to (IH) with elimination of the toluene - sulphonyl 

* Previously named 4-tetrahydroquinolone. 

f The abbreviation -SO,X is used throughout for -SO 2 *C 0 H 4 Me. : 
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group merely by beating with, hydrochloric acid are very difficult to 
understand. It was mainly with the view of discovering some 
explanation for this remarkable decomposition that we decided to 
prepare other cases of a similar kind, and the result of this investi¬ 
gation is described in the present communication. In the first 
place, the three isomeric toluene-^-sulphonyl^-toluidinopropionic 
acids of the type C 6 H 4 Me*N(S 0 2 X) •CH^CHg-COgH were prepared 
without difficulty from o-, m-, and p-toluidine by a process similar 
to that described in detail in the former communication. When the 
o-methyl derivative (la) was treated with phosphoryl chloride under 
the conditions previously used in the case of toluene-p-sulphonyl- 
(3-anilinopropionic acid (I), a complex mixture was obtained from 
which a small amount of A-lceto-S-methyl-l : 2 : 3 : 4-tetrahydro - 
quinoline (V; m. p. 92°) was isolated directly, together with a 
considerable quantity of a substance (VI, m. p. 147°), the analysis 
of which indicates that it is the toluene -j? - sulphonyl derivative 
of (V). 

(V.) 

(VII.) (o)C 6 H 4 Me*NH*CH 2 -CH 2 *CO*NH*C 6 H 4 Me(o) 


Nncr 

{• '/ ■ ' iCH, 


N-S0 2 X 

/\ch 

C s HoMe 

V* 


(VI.) 


The substance (VI) exhibits very remarkable properties. When 
it is boiled with a mixture of acetic and hydrochloric acids, it is 
hydrolysed to o-toluidine and £ - o-1 olmdinopropionic acid, 
C 6 H 4 Me-NH-CH 2 -CH 2 -C0 2 H, 

and when treated with concentrated sulphuric acid, (VT) yields 
$-o4olmdinopropiono-o-iohiidide (VII, m. p. 126°),' formed evi¬ 
dently by the condensation of the substances just mentioned, and 
the constitution of which is demonstrated by the fact that it is 
produced when the acid chloride of (la) is condensed with o-toluidine 
and the product hydrolysed with concentrated sulphuric acid. 

If then (VI) represents the constitution of the substance of m. p. 
147°, it is clear that, for some reason difficult to understand, 
scission of the ketotetrahydroquinoline ring must have taken place 
during the hydrolysis to the substances mentioned above. 

The investigation of the behaviour of toluene-p-sulphonyl-fi-m- 
tduidimpropionic mid (VIII), m-C 6 H 4 Me'N(S0 2 X)OH 2 *CH 2 *G0 2 H, 
towards phosphoryl chloride has given results very different from 
thoee just deeribed in the o-series. 

In these circumstances, this acid behaves like toluene-p-sulphonyl- 
ft- anilmo propionic acid (I; see p. 2297), yielding 3-chloro-derivatives, 
and, as might be expected, ring formation takes place in two 
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directions ■with the formation of the substances (IX) and (X) melting 
at 138° and 100°. 


(IX.) 



n*so 2 x 




"Ph 2 
/6hci 
bo 


(VIII.) 


n*so 2 x 



(X.) 


These isomeric toluene-'p-sulphonyl-Z-cMoro-i-Jceto-5- and -7-methyl- 
1:2:3: 4c-tefrahydroquinolines are both hydrolysed and reduced 
on boiling with hydrochloric acid, yielding i-keto-5- and -7 -methyl- 
1:2:3: ^-telrahydroquinolines (XI) and (XII) melting at 109°' 
and 105°. 


NH 

X^OH, 


(XI.) 


NH 


ryv. 

Me CO 
(xn.) 


n-so 2 x 

CgHaMe^?^ 

6 3 \/CH, 
CO 

(XIII.) 


and these yield toluene-p-sulphonyl derivatives (XIII) melting at 
98° and 136° respectively. With regard to the constitutions of 
these substances derived from m-toluidine, there is not sufficient 
evidence to enable us to assign definitely either formula (IX) or 
(X) to the toluene -sulphonyl-3-chloroketomethyltetr ahydr o- 
quinoline of m. p. 138°. But it is significant that this substance 
is the main product of the ring closure, being present to the extent 
of 90% in the product of the action of phosphorus oxychloride on the 
substituted propionic acid. 

In attempting to decide difficult questions of this kind, it must be 
remembered that ring closure in the benzene ring is, in fact, substitu¬ 
tion and therefore the direction of ring closure should follow the 
rules which govern substitution. The tendency in the present case 
is probably to close the ring in the ^-position to the methyl group, 
the o-closure being subsidiary. For this reason, the substance, 
m. p. 138°, produced in a yield of 90% is presumed to be (IX), 
in which case the isomeride, m. p. 100°, will be (X). The keto- 
methyltetrahydroquinoline, m. p. 109°, is then (XI) and the 
isomeride, m. p. 105°, is (XII). It may be mentioned that this 
view is borne out by other cases of a similar kind; thus, for example, 
w-toluidine is converted by the Skraup reaction mainly into 
7-methylquinoline, and m-methoxyphenylhydrazine and acetone 
yield, by the Fischer synthesis, 6-methoxy-2-methylindole (com¬ 
pare Malkin and Robinson, this vol., p. 370). 

Toluene^-svlphonyl-^p-toluidinopropionic acid (compare p. 2304) 
was next prepared and its behaviour on treatment with phosphoric 
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oxide and oxychloride carefully investigated, when it was found 
that it yielded in the first case tolu&ne^sulphonylA-heio^methyh 
1:2:3: 4z-tetrahydroquinoline (XIV), whereas it was converted by 
the oxychloride into the 3-c^Zoro-derivative of this substance (XV). 
On boiling with dilute hydrochloric acid, both these substances 
yield i-ketoS-methyl-l : 2:3 :4 -teirahydroquinoline (XVI, m. p. 86°), 
and the ehloro-derivative is converted by boiling with alcoholic 
potassium .hydroxide into 4:-methoxy-Q-methylquinoline (XVII, 
m. p. 51°). ’ 
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The behaviour of toluene -p -sulphonyl- £ -p -1olmdmopropionic acid 
during the course of this series of changes is therefore exactly similar 
to that of the corresponding p-amlino-derivative, described in detail 
in the earlier communication (loc. cit , pp. 1609—1611). 

The last series of experiments deals with the formation of methoxy- 
and ethoxy-derivatives of 4-keto-l : 2 : 3 : 4-tetrahydroquinoline 
from ^-anisidine and p-phenetidine, and was undertaken in order to 
determine whether the methoxy- or ethoxy-group has any con¬ 
siderable influence on the ease with which ketotetrahydroquinoline 
ring formation takes place. Toluene-p-sulphonyl-$-ip-anisidino- 
propionic acid (XVTII), p-Me0 , C 6 H4*X(S0 2 X)*CH 2 *CH 2 *C0 2 H, pre¬ 
pared from toluene-jp-sulphonanisidide and p-chloropropionic acid 
in the usual manner, yielded on treatment with phosphoric oxide 
tolv£ne-p-svlphonyl~§-methoxy - 4 - keio-1 :2 : 3 :4 -teirahydroquinoline 
( XIX ), from which 6-methoxyIcetotetrahydroqidnoline (XX, m. p. 
112°) was obtained by hydrolysis with acids. 


(xvin.) 
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That the methoxy-group has an influence on the mechanism of ring 
closure, different from that exerted by the methyl group, was shown 
by the behaviour of toluenesulphonylanisidinopropionic acid on 
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treatment with phosphorus oxychloride, since the product, instead 
of consisting entirely of tolue?ie-p-sulphonyl-3-chloro-6-methoxy- 
4-ketotetrahydroquinoline (compare XV), contained only about 10% 
of this substance, the remainder consisting of the unchlorinated 
substance (XIX). 

A similar series of observations was made in the case of toluene - 
p -sulphonyl- (3 -p-phenetidinopropionic acid , 

Et0-C 6 H 4 -N(S0 2 X)-CH 2 -CH 2 -C0 2 H; 
this substance, on treatment with phosphorus pentoxide, yields 
toluene-p-sulphonyl-6-ethoxy - 4 - keto -1 : 2 : 3 : 4 - tetrahydroquinoline , 
from which the corresponding ethoxyketotetrahydroquinoline (m. p. 
60°) is obtained on hydrolysis, whereas treatment with phosphorus 
oxychloride converts the acid into a mixture consisting mainly of 
the above toluene-p-sulphonyl derivative and containing only a small 
quantity of the corresponding 3-cAZoro-derivative. 

It is interesting that these methoxy- and ethoxy-derivatives may 
be hydrolysed by hydrochloric acid to the corresponding hydroxy- 
derivatives ; thus 6-methoxy-4-ketotetrahydroquinoline (XX) is 
converted by hydrochloric acid at 170° into ^-hydroxyA-ketotetra - 
Jiydroquinoline , which crystallises in deep yellow plates, m. p. 164°, 
and dissolves in sodium carbonate to a deep yellow solution. 

The 3-cAforo-derivatives produced by the action of phosphoryl 
chloride on tohiene-p-sulphonyl-p-anilinopropionic acid and its 
substitution derivatives are readily distinguished from the corre¬ 
sponding unchlorinated substances by the fact that, whereas the 
former dissolve in strong sulphuric acid with intense violet colora¬ 
tions, hydrogen chloride being evolved, the solutions of the latter 
are colourless. A quantitative yield of the ketotetrahydroquinoline 
may be obtained from these colourless solutions, but in the case of 
the violet solutions the yield is generally only 80%, the remainder 
consisting of complex substances the nature of which has not been 
determined. 

That these 3-chloro-derivatives should be formed at all under 
the conditions employed * is very difficult to understand, and that 
the chlorine atom in the 3-position should be so labile that it is replaced 
by hydrogen on treatment with hydrochloric acid is apparently 
without precedent. That the chlorine atom in the group 
~CO-CHCl*CH 2 *N< 

should be extremely reactive is in accordance with experience, since 
the bromine atom in the somewhat analogously constituted sub¬ 
stance CH 3 * 00 “CHBr*C 02 Et 3 for example, is readily reduced by cold 

* That the formation of these chloro-derivatives is not due to the presence 
of pentachloride in the oxychloride was proved by experiments conducted 
with specially purified material. 
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hydriodie acid, but the only case in which it has been observed that a 
halogen atom is replaced by hydrogen by the action of hydrogen 
chloride appears to be that recently recorded by Ridgway and 
Robinson (J., 1924, 125, 214), who showed that 8-ethoxy-2-phenyl- 
benzopyrylium chloride is obtained from ethoxysalieylaldehyde and 
either acetophenone or w-bromoaeetophenone, C 6 H 5 *CO*CH 2 Br, by 
treatment with hydrogen chloride. 

During the course of this investigation, attempts were made to 
obtain derivatives of 4-ketotetrahydroi5oquinoline corresponding 
to the 4-ketotetrahydro quinoline derivatives described in the 
preceding pages. Toluene-p-sulphonbenzylamide yielded, on con¬ 
densation with sodium chloroacetate, tolitene-p-mlphonylbenzyl- 
aminoacetic acid (m. p. 138°), 


C 6 H 5 *GH 2 *NH-S0 2 X + CH^l-CO^a 

C 6 H 5 <3B^-N(SO 2 X)*CH 2 *C0 2 H ■ 


C e H 4 


CEL 

/\ 
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\/CH 2 

CO 


ch 2 

r h 

CO 


but all attempts to bring about the ring closure sketched above 
by the action of phosphoric oxide or phosphoryl chloride on the acid 
or of aluminium chloride on the acid chloride were unsuccessful. 


Experimental. 

Toluene-^-sulphonyl-$-o-toluidinopropionic Acid* —■ Toluene-^- 
sulphon-o-toluidide (52-2 g.) was dissolved by warming in sodium 
hydroxide (100 c.c. of 8%), a solution of (3-chloropropionic acid 
(22 g.) in sodium hydroxide (100 c.c. of 8%) added, and the mixture 
gently refluxed for 4 hours, during which some of the sulphon- 
o-toluidide separated as an oil. Water was added and the mixture 
cooled with stirring until the oily precipitate set to a granular, 
crystalline mass, which was filtered off, the filtrate acidified, and the 
colourless gum left over-night, when it had solidified. The solid 
dissolved completely in hot dilute sodium carbonate but, on cooling, 
some toluene-p-sulphon-o-toluidide, which is insoluble in cold 
sodium carbonate, separated. This was filtered off (total recovered 
— 27*5 g,), the filtrate acidified, the precipitate, which soon solidified, 
collected, washed with water, and dried on the steam-bath, when 
28-5 g. of almost pure ix)luene-p-sulphonyl^~o4oluidinopropionic 
acid resulted. This acid separated from a little benzene in colourless 

* The same molecular quantities and procedure were employed in all the 
si mil a r condensations described in this communication. 
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prisms, m. p. 127—128° (Found: C, 61*5; H, 5*7. C 17 H 19 0 4 NS 
requires C, 61-3; H, 5*7%). 

Action of phosphoryl chloride . The acid (20 g.) was heated with 
phosphoryl chloride (60 c.c.) at 100° for 15 minutes, the excess of 
acid chloride removed under reduced pressure, and the gummy 
residue treated with ice and water and then warmed on the steam- 
bath for a few minutes. After cooling, the pale yellow aqueous 
solution was decanted from the gum (A) and made alkaline, when a 
small amount of a pale yellow solid separated which was collected, 
dried, and crystallised from light petroleum, from which yellow 
prisms of 4c-Jceio-8-methyl- 1 : 2 : 3 : 4:4etrahydroquinoline (V), m. p. 
92°, separated (Found: C, 74*7; H, 6*9. C 10 H 1;L ON requires 
C, 74*5; H, 6*8%). This substance is readily soluble in acids and 
also in alcohol or benzene to give solutions which have a green 
fluorescence. The gum (A) was warmed with dilute sodium carbon¬ 
ate, and after standing, the aqueous layer was decanted from the 
undissolved material and acidified, when a considerable quantity 
of toluenesulphonyltoluidinopropionic acid separated. The undis¬ 
solved substance was crystallised from alcohol, when small prisms 
of the toluene-p-sulphonyl derivative of 4-keto-8-methyl-l : 2 : 3 : 4- 
tetrahydroquinoline (VT), m. p. 147—148°, separated (Found: 
C, 64*6; H, 5*4. C 17 H 17 0 3 NS requires C, 64*7; H, 5*4%). When 
this substance (1 g.) was dissolved in sulphuric acid (5 c.c.), the 
solution left over-night at the ordinary temperature, and poured 
on to ice and made slightly alkaline with sodium hydroxide, a 
colourless substance (about 0*4 g.) separated which crystallised from 
benzene-ligroin in colourless prisms, m. p. 126° and proved to be 
$-o4oluidinopropiono-o4oluidide (VII) (Found: C, 76*0; H, 7*6 ; N, 
10*5. C 17 H 20 ON 2 requires C, 76*1; H, 7*5; N, 10*4%). The toluene- 
p-sulphonyl derivative of (VTI) was synthesised in good yield by 
treating the acid chloride of toluene-p-sulphonyl-p-o-toluidinopro- 
pionic acid (la, from the acid and thionyl chloride) with o-toluidine. 
This substance is hydrolysed by cold concentrated sulphuric acid 
to give (VIE), and boiling with hydrochloric acid converts it into 
o-toluidine and P-o-toluidinopropionie acid. 

Tdwm-p-mlphonyl-fi-m-toluidinopropioiiic Acid (VIII).—This 
acid was prepared exactly as described in the case of the isomeric 
p-o-derivative; it dissolves readily in organic solvents and separates 
from benzene in stout, colourless prisms, m. p. 103° (Found: 
C, 61*4; H, 5*7. C 17 H 19 0 4 NS requires C, 61*3; H, 5*7%). The 
yield was 19 g., and 35 g. of the sulphonyl-m-toluidide were recovered; 

Action of phosphoryl chloride. Toluene-p-sulphonyl-p-m-toluidino- 
propionic acid (VIII; 6 g.) was treated with phosphoryl chloride 
(20 c.c.) and the product worked up exactly as described in the 
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case of the corresponding o-acid. The substance insoluble in sodium 
carbonate was dissolved in a little methyl alcohol, when, on cooling, 
colourless prisms were quickly deposited which, after about 2 hours, 
were collected (filtrate A) and recrystallised from methyl alcohol, 
from which the substance separated in well-defined prisms, m. p. 
138° (Found : a, 10*3. C„H 16 0 3 NC1S requires Cl, 10*2%). 

Toluene-p-sulphonyl-Z-chloro-4-keto-l-methyl-l : 2 : 3 : 4 -tetrahydro- 
quinoline (IX) dissolves in sulphuric acid to an intense violet 
solution and when hydrolysed with a boiling mixture of acetic and 
hydrochloric acids (loc. cit p. 1616) gives an almost quantitative 
yield of 4-keto-7-methyl-1 : 2 : 3 : 4-tetrahydroquinoline (XI), which 
crystallises from benzene-ligroin in bright yellow leaflets, m. p. 109° 
(Found : C, 74*5; H, 6*8. C 10 H u O3ST requires C, 74*5; H, 6*8%). 

This substance is readily soluble in alcohol, giving a yellow solution 
with a pale green fluorescence, and, when treated with toluene- 
p-sulphonyl chloride, the toluene-p-sulphonyl derivative, i.e., the 
unchlorinated analogue of (IX), is obtained; this separates from 
alcohol in rhombic prisms, m. p. 98°, and dissolves in sulphuric acid 
to an almost colourless solution (Found: X, 4*4. C 17 H 17 0 3 XS 
requires N, 4*4%). 

The filtrate (A) contained the toluene-p-sulphonyl derivative of 
3-Moro-4-keto~5-methyl-l : 2 : 3 : 4-tetrahydroquinoline (X; 0*29 g.) 
and, on standing, this gradually separated in colourless plates, 
which were recrystallised from ligroin and melted at 98—100° 
(Found: Cl, 10*3. C 17 H 16 0 3 XC1S requires Cl, 10*1%). This 
substance gives the characteristic violet colour with sulphuric acid 
and is hydrolysed by acids to 4-keto-5-methyl -1 : 2 : 3 :4 -tetrahydro- 
guinoline (XII), which crystallises from ligroin in long, yellow 
prisms, m. p. 104—105° (Found: C, 74*8; H, 7*0. C 10 H n OX 
requires C, 74*5; N, 6*8%). 

The toluene-p-sulphonyl derivative of this base crystallises from 
ligroin-benzene in long, almost colourless prisms, m. p. 136°, and 
dissolves in sulphuric acid without colour. 

Toluene-p - sulphonyl -£ -p-toluidinoprop ionic Acid .—This acid, pre¬ 
pared in the usual manner, separated from benzene in thin, colourless 
prisms, m. p. 116—-117°. When it (6*6 g.) was treated with phosphoric 
oxide (5*6 g.) and xylene (50 c.c.) (compare he. cit , p. 1615), toluene- 
p-eidphonylA-keto-d - methyl -1 : 2 : 3 :4- tetrahydroquinoline (XIV) 
resulted; this separated from alcohol in colourless prisms, m. p. 
136—137° (Found : N, 4*3. C^^OgNS requires N, 4*4%). 

Tim substance dissolves in sulphuric acid to an almost colourless 
solution and is hydrolysed by acids quantitatively to 4-keto-^-methyl- 
1 :2 :3 : 4-ietrahydroquinoline (see below). 

When the p-p-aeid, m. p. 116—117° (20 g.) was treated with 



4-KETO-l : 2 : 3 : 4-TETRAHYDROQTJINOLrNES, ETC. 


2305 


phosphoryl chloride (60 e.c.) in the usual manner (compare p. 2303), 
and the product insoluble in sodium carbonate crystallised from 
alcohol, toluene-ip-8ulphonyl-3-chloroA-Jceto-6-methyl-l : 2 : 3 : 4:-tetra~ 
hydroquinoline (XV) separated in well-defined, colourless, glistening 
prisms, m. p. 176—177° (Found : 01, 10*2. C 17 H 16 0 3 NC1S requires 
Cl, 10*2%). 

This substance dissolves in sulphuric acid, with evolution of 
hydrogen chloride, to an intense purple solution and, on boiling with 
acetic and hydrochloric acids, undergoes hydrolysis, yielding 
4z-Jceto-$-methyl-l : 2 : 3 : 4 -tetrahydroquinoline (XVIwhich crystal¬ 
lises from benzene-ligroin in yellow plates, m. p. 85—86° (Found : 
C, 74*8; H, 6*8. C 10 H n ON requires C, 74*5; H, 6*8%). This 
substance is readily soluble in dilute acids and in most organic 
solvents, giving the usual green fluorescent solutions. It yields a 
3-benzylidene derivative, which crystallises from methyl alcohol in 
thin, yellow prisms, m. p. 224—225° (Found: C, 81*6; H, 5*9. 
C 17 H 15 ON requires C, 81*9; H, 5*6%). This derivative readily 
combines with two atoms of bromine, and when the dibromide is 
refluxed with methyl-alcoholic potassium hydroxide, hydrogen 
bromide is removed and a mono6r<mo-derivative is obtained which 
crystallises from alcohol in stout, colourless prisms, m. p. 194—195°, 
and gradually dissolves in dilute alkali (Found : C, 62*4; H, 4*4; 
Br, 24*1. C 17 H 14 ONBr requires O, 62*2; H, 4*3; X, 24*4%). 

4c-M ethoxy~6-metkylqui7ioline (XVII).—The ehloro-derivative (20 
g.) was refluxed for 16 hours with methyl-alcoholic potassium 
hydroxide (75 c.e. of 20%), the alcohol removed, water added, the 
oily base extracted with benzene, dried over potassium hydroxide, 
and fractionated, when 8 g. passed over at 185°/18 mm. and 
crystallised; it separated from ligroin (b. p. 60—80°) in needles, 
m. p. 51° (Found: C, 76*0; H, 6*4. C 13 H xl ON requires C, 76*3; 
H, 6*3%). 

Toluene-p-sulphonyl-fy-p-anisidinopropionic Acid (XVIII).—This 
acid was prepared from toluene-p-sulphonanisidide and (3-chloro- 
propionic acid and crystallised from benzene in small, colourless 
prisms, m. p. 81—82° (Found : C, 58*4; H, 5*5. C 17 H 19 0 5 NS 
requires C, 58*5; H, 5*4%). Treated in xylene solution with 
phosphoric oxide under the conditions described in detail in the 
previous co m munication {ho. cit., p. 1616), it yielded toluene 
p-sulphonyl-S-methoxyA-Jceto-l : 2 : 3 : 4- tetrahydroquinoline (XIX), 
which separated from alcohol in colourless prisms, m. p. 124—125° 
(Found : X, 4*3. C 17 H 17 0 4 XS requires N, 4*2%). This substance 
dissolves in sulphuric acid to a colourless solution and is hydrolysed 
by acids to Q-methoxyA-Jceto- 1 : 2 ; 3 : 4- tetrahydroquinoline (XX ; 
see below). 

vol. cxxvn. 4 h 
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When the acid (XVIII) (20 g.) was digested with phosphoryl 
chloride under the usual conditions, and the product insoluble in 
sodium carbonate boiled with a little methyl alcohol and filtered 
from about 0*5 g. of insoluble material (Y), the filtrate deposited 
8*5 g. of a substance which, on recrystallisation, separated in colour¬ 
less prisms, m. p. 115—120°. Analysis indicated that this substance 
was a mixture of about 90% of the substance (XIX) with about 
10% of the corresponding 3-ehloro-derivative (compare p. 2300). 

When this mixture was hydrolysed with acids, it gave a large 
yield of d-methoxyA-Jceio-l : 2 : 3 : 4:4etrahydroquinoline , which 
crystallised from benzene-ligroin in bright yellow prisms, m. p. 112° 
(Found : C, 67*8; H, 6*3. C 10 H 3L1 O 2 N requires C, 67*8; H, 6*2%). 

This substance is a strong base and dissolves readily in most 
organic solvents to give deep yellow solutions exhibiting a green 
fluorescence. The substance (Y), sparingly soluble in alcohol, 
separates from acetic acid in colourless prisms, m. p. 235 Q (Found : 
C, 58*3; H, 4*2 ; N, 4*2; a, 9*8. C 17 H 16 0 3 NC1S requires C, 58*4; 
H, 4*2;. IsT, 4*0; Cl, 9*2%). This analysis suggests that this sub¬ 
stance may be toluene-^-sulphonyl~3-cMoro-6-methoxydihydroquino- 
line, but the amount available was too small for further investigation. 
It dissolves in sulphuric acid to a colourless solution with an intense 
pale blue fluorescence. 

Tolu£.ne-^-sulpKonyl-$-^-phe7ietidi7wpropionic Acid (compare 
XVIII).—Prepared from toluene -p -sulphonphenetidide and p-chloro- 
propionic acid, this acid crystallises best from 75% methyl alcohol, 
in colourless, well-defined prisms, m. p. 97° (Found : C, 59*8; 
H, 6*0. C 18 H 21 0 5 XS requires C, 59*5; H, 5*8%). On treatment 
with phosphoric oxide, it yields a small amount of toluene-p-aulphonyl - 
6~ethoxyA-keto- 1 ; 2 : 3 : A-tetrohydrcquinoline, which separates from 
methyl alcohol in rectangular prisms, m. p. 114—115° (Found : 
C, 62*2 ; H, 5*5. C 18 H 19 0 4 NS requires C, 62*6; H, 5*5%). This 
substance gives a colourless solution in sulphuric acid. When the 
phenetidinopropionic acid was treated with phosphoryl chloride, 
it yielded a small amount of a substance, m. p. 232°, sparingly 
soluble in alcohol which clearly corresponds with the substance (Y) 
described above but was not further examined. The alcoholic 
filtrate deposited a crystalline substance melting approximately at 
106° which was again a mixture consisting mainly of toluene- 
p-»dphonyl-6-ethoxy-4-keto-1: 2 : 3 : 4 - tetrahydroquinoline and 
containi ng a small proportion of the corresponding 3-cAfcro-deriv- 
ative. When this mixture was hydrolysed by hydrochloric acid, 
it yielded S~dJi<&yA-keto- 1 1 2 : 3 : 4-ietrahydroqui7ioU7ie } which 
separated from ben&ene-4igroin in canary-yellow leaflets, m. p. 
60° (Found: C, 69*0; H, 6*9. requires C, 69-1; H, 
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6*8%). This strongly basic substance dissolves in most organic 
solvents to yellow solutions exhibiting a green fluorescence. 

S-HydroxyA-keto -1 : 2 : 3 : 4- tetrahydroquinoline .—This substance 
was obtained when the corresponding methoxy-derivative (XX; 
4*5 g.) was heated with concentrated hydrochloric acid (30 c.c.) 
in a sealed tube at 160—170° for 6 hours. On cooling, the hydro¬ 
chloride separated as a pale brown, crystalline mass, which was 
collected, stirred with cold concentrated sodium acetate solution, 
and the yellow base (3*5 g.) crystallised from xylene, from which 
it separated in deep yellow plates, m. p. 163—164° (Found : C, 66-6; 
H, 5*6. CydgOaN requires C, 66*3; H, 5*5%). This substance is 
sparingly soluble in benzene, but dissolves readily in alcohol and in 
aqueous sodium carbonate to deep yellow solutions. 

Toluene-p~sulphonylbenzylaminoacetic Acid. —Toluene-p-sulphon- 
benzylamide (J., 1905, 87,159; 31*2 g.) was dissolved in hot sodium 
hydroxide (90 c.c. of 8%), a solution of chloroaeetic acid (13 g.) in 
sodium hydroxide (90 c.c. of 8%) added, and the whole refluxed 
gently for 48 hours. The mixture was then well cooled, acidified 
with hydrochloric acid, the colourless solid collected, washed with 
water, extracted with aqueous sodium carbonate, and. the undis¬ 
solved toluene-j>-sulphonbenzylamide (26*5 g.) filtered off. The 
acid (5*5 g.) obtained on acidifying the filtrate crystallised from 
ligroin in long, hair-like prisms, m. p. 137—138° (Found : C, 59*8; 
H, 5-3. C 16 H 17 C> 4 NS requires C, 60*2; H, 5-5%). When the 
solution of this acid in alcohol was saturated with dry hydrogen 
chloride and refluxed for 24 hours, the ethyl ester was obtained; it 
separated from ligroin in rectangular plates, m. p. 51° (Found: 
N, 4*0. C 18 H 21 0 4 NS requires N, 4*0%). 

The authors are indebted to the British Dyestuffs Corporation 
for permission to publish the results of this investigation. 

The Dyson Perrins Laboratory, 

Oxford. [Received, July 20 th, 1926.] 


CCCXV .—Interactions of Tellurium Tetrachloride and 
Aryl Alkyl Ethers . Part I. 

By Gilbert T. Morgax and Harry Dugald Keith Drew. 

With purely aliphatic ethers tellurium tetrachloride combines 
additively to form unstable hygroscopic compounds of the type 
Ft 0,TeCl 4 , but with mixed ethers containing aryl and alkyl radicals 
substitution takes place with elimination of hydrogen chloride. 

4h2 
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These observations were first made by Rust ( Ber ., 1897, 30, 2829), 
who condensed phenetole with tellurium tetrachloride, obtaining 
a compound which separated in yellow needles melting at 185° 
to which he ascribed formula I. This result was supported by 
the preparation and analysis of a series of derivatives and 
homologues. 


A few years later (Annalen, 1901, 315,9), Rohrbaech, in repeating 
the phenetole condensation, obtained Rust’s halogenated compound 
and reduced it with zinc to a halogen-free substance, yellow plates 
of m. p. 64°, to which he gave formula II. The assumption that 
in this condensation tellurium entered the aromatic nucleus was, 
however, challenged by Lederer (Ber., 1915, 48, 2049; 1916, 49, 
2532), who prepared both di-p-phenetyl telluride (formula II) 
and its di-o-isomeride from tellurium dibromide and the correspond¬ 
ing magnesium aryl halides, EtO*C 6 H 4 *MgI. 

These diaryl tellurides, the constitution of which was not in 
doubt, differed from the Rust-Rohrbaech product and accordingly 
Lederer designated the latter as an ethylidene compound with the 

constitution y—0-CH(CH 3 ) —j«<Te (III). He also repeated 

the Rust-Rohrbaech preparation and obtained the orange-red 
telluride melting at 64°, thus confirming the previous result. More¬ 
over, he generalised his conclusion by a more complete investigation 
of the corresponding di-o-, m-, and p-anisyl tellurides, which all 
differed from the product of the Rust-Rohrbaech preparations with 
anisole and tellurium tetrachloride. 

These seemingly exhaustive investigations appeared to show 
beyond doubt that tellurium did not enter the aromatic nucleus 
in the Rust condensation and that isomeric compounds were pro¬ 
duced with tellurium attached to the side chain. 

However, in preparing the Rust-Rohrbaech product in order to 
test its possible bactericidal properties we used chloroform as a 
convenient solvent and obtained a large yield of a substance corre¬ 
sponding in properties with Rust’s yellow dichloride. This com¬ 
pound on reduction with alkali metabisulphite was completely 
transformed to the expected orange-red substance. On testing 
the solubility of this product in water, it was noticed that the 
crystals did not melt in the boiling solvent, in which they remained 
insoluble. Examination of fusibility revealed a melting point of 
107° and not 64° as given by Rohrbaech and by Lederer. This 
compound (IV) and the chloride (V), which gave it by reduction, 
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were therefore analysed and found to possess respectively the 
following molecular formulae, 


(iv.) (C 2 H 5 -OC 6 H 4 ) 2 Te 2 

m. p. 107°. 


(C 2 H 5 -OC 6 H 4 )TeCl 3 (V.) 
m. p. 183°. 


those constitutions being confirmed by the whole of the physical 
and chemical characteristics of the substances. 

Rust and Rohrbaech’s formulations for these two substances as 
diaryl telluride and diaryl tellurium dichloride respectively, although 
supported by many concordant analyses, are entirely erroneous. 

In the course of the present investigation the true dichloride has 
been prepared and identified. On being heated with more phenetole, 
the phenetylteUurium trichloride (m. p. 183°) passes into a colour¬ 
less bisphenetyltellurium dichloride melting at 108°. This com¬ 
pound in all probability is bis^-pheneiyltelluridichloride (VT), 
since it melts at 108°, whereas the bis-o-phenetyltelluridichloride 
(VTI) prepared by Lederer through the Grignard reaction melts 
at 163—164°. 


{VI.} 


Eto/ V' 


■TeCl 2 -< 


>OEt 


OEt OEt 



It seems probable that Rust, Rohrbaech, and lederer were dealing 
with mixtures of the di- and tri-chlorides and in the case of the 
last two investigators they also had mixtures of the reduction pro¬ 
ducts of these ehloro-derivatives. But it is nevertheless remark¬ 
able that the analytical data should agree with those demanded 
by an incorrect formulation and that the melting point of a com¬ 
pound described as a dichloride, (EtO*C 6 H 4 ) 2 TeCl 2 , should agree 
with that of the substance now shown to be the trichloride, 

EtO-C 6 H 4 -TeCV 

With our present knowledge of the organic chemistry of tellurium 
the colour of the products is a useful guide to constitution. Telluri- 
dichlorides are invariably colourless and their reduction products 
are yellowish-white to pale yellow. TeUuritrichlorides, on the 
contrary, are often yellow and their reduction products are intensely 
coloured (Morgan and Drew, this vol., p. 531). 

As further evidence of constitution it was noticed that when 
the bis-p-phenetyl ditelluride was covered with cold concen¬ 
trated nitric acid and the mixture allowed to evaporate, p-nitro- 
phenetole (X) separated, the tellurium being displaced by a nitro- 
group. This evidence is opposed to Lederer’s conclusion as to the 
attachment of tellurium to the side chain and indicates that the 
metalloid has entered the para-position with respect to ethoxyl. 
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thus confirming the following formulae for -p-phen-etyltdluritrichloride 
(VIII) and bis-p-phenetyl ditelluride (IX). 


OEt OEt OEt 

TeClg 

(VIII.) (IX.) 

Lederer’s work is defective in another respect. He reduced the 
Rust-Rohrbaech product from anisole and tellurium tetrachloride, 
obtaining red needles (m. p. 50°) to which, like Rohrbaeeh, he 
assigned a diaryl telluride formula but with tellurium in the side 
chain, (C 6 H 5 *0*CH 2 ) 2 Te. On warming this substance with methyl 
iodide, he obtained a product yielding a picrate alleged to be anisyl- 
dimethyltelluronium picrate, G 6 H 2 (N0 2 ) 3 *0*Te(CH 3 ) 2 'CH 2 ’0-C 6 H 5 , 
one anisyl residue having been eliminated during methylation. 
The methylation product would accordingly be the iodide, 
C 6 H 5 ‘0 , CH 2 *Te(CH 3 ) 2 I. But actually we find that the supposed 
“ dianisyl telluride, 5 * which is in reality bis-p-anisyl ditelluride, 
undergoes on warming with methyl iodide a smooth decomposition 
into molecular proportions of iodo-derivatives, 


/\ /\ 


k 


y \y 

Te r-m Te 


R*Te«TeR + 3MeI = RTeMe 2 I + RTeMeI 2 , 


where R is the anisyl residue. 

The products are the less soluble p- anisyldirnethyltdluri-iodide , 
which gave Lederer his picrate, and the more soluble p -anisyl- 
methylidluridi-iodide, which is easily reduced to p- anisyl methyl 
telluride. Lederer evidently overlooked the more soluble product, 
and his hypothesis, based on the assumption of an elimination of 
one of the ^-anisyl radicals, falls to the ground. 

In order to test our conclusions as to the nature of the tellurium 
tetrachloride condensation with mixed ethers the case of the dimethyl 
ether of resorcinol was examined. The product was found to be 
the yellow 1; 3-dimethoxyphenyl-4:4dluritricMoride (XI), which on 
reduction furnished the orange-brown bis- 1 :3 -dimethoxyphenyl 
4 :4 -diteMuride (XII). 



When the condensation was forced by heating the reaction mixture 
with excess of tellurium tetrachloride the tellurium content fell 
instead of increasing by further substitution in the nucleus; the 



TETRACHLORIDE AND ARYL ALKYL ETHERS. PART I. 2311 


product was the colourless bis -1 : Z-dimethoxyphenyl-^-telluridi- 
chloride (XIII), while the excess of tetrachloride remained unchanged. 

Guaiacol behaves similarly although les& smoothly, yielding a 
2-hydroxyA-metJioxyphenyl-^-telluritricMoride (XIV), isolated with 
difficulty but reducing to an orange-brown bis-2-hydroxy-l-methoxy- 
phenyl 4 : ^.-dildluride (XV). 

OH OH OH 


MeOj^OMe MeO^OMe MeO^j —> MeO^j _ ^^OMe 


X ^ /Sx 'TeCl 2 // \' / 

(XIII.) 


(XIV.) 


V Te ’ :Te V 


Experimental. 

Condensation of Tellurium Tetrachloride with Phenetole. 

When a mixture of 12 g. of tellurium tetrachloride, 17 g. (3 mols.) 
of phenetole, and 75 c.c. of dry chloroform was heated under reflux, 
with exclusion of moist air, during 2 hours, hydrogen chloride was 
evolved and the solid dissolved. The solution deposited during 
heating a copious precipitate of glistening, yellow flakes con¬ 
sisting of practically pure -p-phenetyltdluritrichloride (VIII), which 
was removed after one day, washed with a little cold chloroform, 
and dried (yield, 14*5 g. or 92%). This substance was moderately 
soluble in hot chloroform or benzene to yellow solutions and was 
readily soluble in cold ethyl alcohol to a solution which was colour¬ 
less owing to hydrolysis. On warming with aqueous potash the 
trichloride developed the odour of phenetole. It melted to a red 
liquid at 182—183° and further crystallisation from dry chloro¬ 
form resulted in no alteration (Found: Cl, 30*25. C 8 H 9 OCl 3 Te 
requires Cl, 30*0%). 

Bis-^-phenetyl Ditetturide (Formula IX).—The foregoing tri¬ 
chloride (6 g.), reduced at 0° with 11*3 g. (3 mols.) of potassium 
metabisulphite and 50 c.c. of water, gave crude bis-p-phenetyl 
ditdluride, in almost quantitative yield, as an orange powder 
which crystallised from petroleum (b. p. 80—100°) in fluffy masses 
of brilliant, orange-red needles or golden-orange plates, melting 
at 107—108° to a deep red liquid. It was readily soluble in cold 
benzene or chloroform, hut much less soluble in light petroleum 
or ethyl alcohol, and was insoluble in water. Its solutions in 
organic solvents were red. It was unaffected by boiling aqueous 
ammonia, but was decomposed by methyl iodide (compare the 
corresponding p-anisyl compound, p. 2314) [Found : O, 38-75; 
H, 34; Te, 51*3; M, cryoscopie in benzene, 473 (c = 1*89), 481 
(c = 2*92). C 16 H 18 0 2 Te 2 requires C, 38*6; H, 3*6; Te, 51-3% ; 
M, 497]. ■ .;*■:.* 
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Although the ditelluride crystallised well from ethyl or methyl 
alcohol, the product from these solvents was invariably slightly 
high in carbon content (found : C, 39*25, 39*1; H, 3-7, 3*7), indicat¬ 
ing the presence of an impurity which was not completely eliminated 
by subsequent crystallisation from petroleum. It was noticed, 
also, that solutions of the ditelluride, when unduly exposed to the 
air, tended to deposit an amorphous oxide which was again reduced 
to the ditelluride by the action of aqueous alkali bisulphites. When 
bis-p-phenetyl ditelluride was covered with cold concentrated 
nitric acid and the solution allowed to evaporate in an open basin, 
large, colourless spears of p-nitrophenetole separated. This sub¬ 
stance melted at 60—61° and did not depress the melting point of 
an authentic specimen of p-nitrophenetole (Kahlbaum). 

Bis-#-phenetyttelluridicMoride (Formula VT).—When p-phene- 
tyltelluritrichloride was heated with four times its weight of phene- 
tole during 6 hours on an oil-bath at 180—190°, hydrogen chloride 
was evolved and the addition of petroleum then caused the deposi¬ 
tion of bis-ip-phenetyltdluridichloride, which was purified by crystal¬ 
lisation from methyl alcohol. The dichloride formed colourless, 
glistening, prismatic needles, melting at 108° to a colourless, trans¬ 
parent liquid. In this substance the chlorine was very firmly 
attached, being only slowly liberated (along with phenetole) even 
by boiling aqueous potash (Found: C, 43*3; H, 4*0; Cl, 16*1. 
C 16 H 18 0 2 Cl 2 Te requires C, 43*6; H, 4*1; 01,16*1%). 

Condensation of Tellurium Tetrachloride with Resorcinol 
Dimethyl Ether . 

Tellurium tetrachloride (2*9 g.), resorcinol dimethyl ether (1*5 g.; 
1 mol.), and dry chloroform (30 c.c.), when heated on the water- 
bath during 2 hours, evolved hydrogen chloride and formed a deep 
brownish-yellow solution. After removal of the chloroform, a 
syrup remained which crystallised when it was stirred with a 
little cold carbon tetrachloride, this solvent poured off, and a little 
chloroform added. The yellow, crystalline powder (2*7 g.) consisted 
of crude 1: Z-dimethoxyphenylA-telluritricMoride (XI), which was 
purified by crystallisation from dry chloroform. The trichloride 
formed silky, primrose-yellow, prismatic needles or transparent, 
golden-yellow prisms, melting at 155—156° to a yellow liquid 
which at once became red. On warming with aqueous potash 
the compound evolved resorcinol dimethyl ether (Found : Cl, 28*8. 
CgB^OgCl^Te requires Cl, 28*7%). 

When the proportion of resorcinol dimethyl ether in the foregoing 
condensation was increased to 2 mols. (4*2 g. of tellurium tetra¬ 
chloride, 4*2 g. of resorcinol dimethyl ether, and 10 c.c. of dry 
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chloroform heated on the water-bath during 11 hours), the solid 
product (4*9 g.) was a mixture of the yellow trichloride and colour¬ 
less bis -1 : 3-dimethoxyphenyl-4-tetturidichloride (XIII). Similarly, 
when 2 mols. of tellurium tetrachloride and 1 mol. of resorcinol 
dimethyl ether were employed and a higher temperature was 
obtained by diminishing the proportion of solvent (6-7 g. of tellurium 
tetrachloride, 1*8 g. of resorcinol dimethyl ether, and 12 c.c. of dry 
chloroform heated on the water-bath for 3 hours), a second atom 
of tellurium was not introduced into the aromatic nucleus; but, 
instead, a portion of the tellurium tetrachloride remained unchanged 
and the product consisted of the dichloride admixed with a pro¬ 
portion of trichloride. Reduction with an excess of aqueous 
potassium metabisulphite led to the destruction of the trichloride, 
leaving the dichloride unchanged. The latter was extracted from 
the black reduction product by means of boiling ethyl alcohol, 
from which it separated on cooling. Bis- 1 : 3-dim ethoxy phenyl - 
4- telhiridichloride crystallised from alcohol in colourless, pearly 
flakes which melted without apparent decomposition at 204— 
205°. It was resistant to the reducing action of aqueous alkali 
bisulphite, but was decomposed by hot aqueous potash with liber¬ 
ation of resorcinol dimethyl ether (Found : Cl, 14*9. C 16 H 18 0 4 Cl 2 Te 
requires Cl, 15*0%). 

In the above condensations of tellurium tetrachloride with 
phenetole and with resorcinol dimethyl ether, respectively, the 
fact that a telluritrichloride is practically the sole product when 
an excess of the aromatic ether is used in the case of phenetole, 
but not in that of resorcinol dimethyl ether, seems to be due mainly 
to the comparative insolubility in chloroform of the telluritri¬ 
chloride of phenetole. This product is thrown out of solution as 
formed and in the presence of chloroform is only slowly changed 
to a dichloride by the further action of another molecule of 
phenetole. 

Bis-1: 3-dimethoxyphenyl 4 : 4 -Ditelluride (XII).—1 : 3-Dimeth- 
oxyphenyl-4-telluritrichloride (1*2 g.), reduced with 2*1 g. of 
potassium metabisulphite and 10 c.c. of water, was quantitatively 
transformed to the ditelluride, which was extracted with ether 
and purified by crystallisation from benzene, petroleum (b. p. 
80—100°), or ethyl alcohol. Bis-l : 3-dimethoxyphenyl 4 : 4 -di¬ 
telluride separated in orange-brown needles or prisms, a specimen 
from benzene melting at 134—135° to a deep red liquid. It was 
insoluble in water, but moderately soluble in ether or ligroin to 
orange-red solutions. It was unaffected by aqueous alkalis, but 
gave an intense reddish-purple coloration with cold concentrated 
sulphuric acid [Found : C, 36*1; H, 3*6 (specimen from benzene): 

4 H* 
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C, 37*0; H, 3*5 (specimen from alcohol). G 16 H 18 0 4 Te 2 requires 
C, 36-3; H, 3*4%]. 

' Condensation of Tellurium Tetrachloride with QuaiacoL 

Tellurium tetrachloride (1 mol.) was mixed with guaiacol (2 mols.) 
and dry chloroform (5 c.c. per g. of tellurium tetrachloride). 
Hydrogen chloride was evolved and a deep yellowish-green solution 
was formed on heating during 2J hours on a water-bath. This 
solution, concentrated to a syrup in a vacuum desiccator, partly 
solidified after extraction of unchanged guaiacol by means of 
petroleum. The greenish-yellow solid was separated by boiling 
with dry chloroform or benzene into an amorphous, insoluble, 
mustard-yellow powder decomposing near 180° (not identified) 
and 2~hydroxy-l-methoxyphenyl-4:-telluritrichloride (XIV), which 
separated from dry chloroform in transparent, deep yellow prisms, 
m. p. 157—159° (decomp.). This substance, which was readily 
hydrolysed by moist air when in solution, was not obtained in a 
pure condition (Found : Cl, 28*9. C 7 H 7 0 2 Cl 3 Te requires d, 29*8%). 

When reduced with aqueous potassium metabisulphite at 0°, 
the telluritrichloride was transformed to bis-2-hydroxy -1 -methoxy- 
phenyl 4:4 -ditdluride (XV), which was extracted by means of 
ether and subsequently purified by crystallisation from dry benzene. 
The ditelluride formed orange-brown, prismatic needles, slowly 
darkening above 114° and melting finally at 117—118° with liber¬ 
ation of teEurium. It was sparingly soluble in petroleum, but 
moderately soluble in benzene, chloroform, or ether, giving red 
solutions. Boiling ethyl alcohol caused its decomposition. It 
was insoluble in water, but dissolved in aqueous caustic soda or 
sodium carbonate (although not in aqueous sodium bicarbonate) 
to yeEowish- orange solutions of the sodium salt, from which the 
ditelluride was reprecipitated on addition of mineral acids (Found : 
C, 33*8; H, 2-95. C 14 H 14 0 4 Te 2 requires C, 33*55; H, 2-8%). 
Addition of ehloroacetic acid to a solution of the diteEuride in 
aqueous caustic soda caused the precipitation of purplish-blue 
flakes of a substance which soon decomposed when removed from 
the liquid but was more stable in the form of its red solution in 
dilute aqueous caustic soda. 

Action of Methyl Iodide on Bis-p-anisyl Ditdluride .—The deep 
red-brown solution of 5 g. of the pure diteEuride (m. p. 56—58°) 
in 78 g. of pure methyl iodide was heated under reflux on a water- 
bath for | hour, when a microcrystalline, salmon precipitate (4*6 g.) 
of CH 3 *0*C 6 H 4 *Te(CH 3 ) 2 I, was thrown 

down (see equation, p. 2310). This substance melted at 170—172° 
and was almost insoluble in acetone, benzene, and other organic 
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solvents, but was hydrolysed by boiling alcohol. It was not reduced 
by aqueous alkali bisulphites. When warmed with aqueous sodium 
pierate containing free picric acid, it was decomposed giving two 
picric acid compounds *. (1) Lederer s pierate, 

CH3-0*C 6 H 4 -Te(CH3) 2 -0-C 6 H 2 (N0 2 )3, 
forming bright yellow needles from alcohol or water, m. p. 126— 
127°; and (2) a substance forming pale yellow, glistening plates 
from alcohol, which decomposed with effervescence to a trans¬ 
parent, yellow liquid at 176° after changing slowly from about 
160°. This substance was probably an additive compound of 
picric acid and p-anisyl methyl telluride, the latter being formed 
from the above iodide by loss of methyl iodide on heating. 

The methyl iodide mother-liquor from the foregoing telluri- 
iodide contained only ^-anisylmethyltelluridi-iodide, 
CH 3 -0-C 6 H 4 *Te(CH 3 )I 2 

(4*7 g,), a red, crystalline substance melting at 109° and soluble 
in organic solvents (Found: I, 50*1. C 8 H 10 OI 2 Te requires I, 
504%). This substance was readily reduced on shaking with 
aqueous potassium metabisulphite in presence of ether, with 
formation of p -anisyl methyl telluride , a yellow oil of nauseating 
odour* Part of the di-iodide, however, was re-transformed to 
bis-p-anisyl ditelluride by partial reduction followed by intra¬ 
molecular loss of methyl iodide. The reactions occurring may be 
represented as follows :—- 

(1) MeO-G 6 H 4 -TeMeI 2 2HI + MeO-C 8 H 4 -TeMe. 

(2) 2MeO-C 6 H 4 -TeMeI 2 — 

2HI + MeO-C 6 H 4 -TeMeI-TeMeI-C 6 H 4 -OMe -> 2HI + 2MeI + 
MeO-G 6 H 4 -Te:Te-C 6 H 4 -OMe. 

The authors desire to express their thanks to the Government 
Grant Committee of the Royal Society and to the Research Com¬ 
mittee of the University of Birmingham for grants which have 
helped to defray the expense of this investigation. 
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CCCXVL —A New Aspect of the Photochemical Union 
of Hydrogen and Chlorine . 

By Ronard G. W. Nourish. 

Part I. A General Theory of the Change . 

On account of its great interest to the student of chemical kinetics, 
the photochemical reaction between hydrogen and chlorine has 
received a very large amount of attention during the past hundred 
years. In spite of this, no theory which describes the mechanism 
completely has yet been given, and, indeed, few reactions have 
proved more difficult to interpret. The results which have accumu¬ 
lated from recent work, however, throw a new light upon the 
problem, and taken together, enable deductions to be drawn which 
greatly simplify it. In the present paper, a theory of the process 
is presented which is claimed completely to describe the mechanism, 
uniting such diverse phenomena as the effects of desiccation and 
the induction period in one general explanation. It will be shown 
that harmony between the various phases of the reaction is attained 
if we accept the view that the primary photochemical reaction— 
the dissociation of the chlorine molecule into atoms—takes place at 
the surface of the vessel, and that a quantitative expression on the 
basis of the existing theory of Nemst can be built up which is in 
agreement with the experimental findings of Chapman and his 
co-workers. 

One aspect of the reaction, namely, its extreme deviation from 
Einstein’s law of photochemical equivalence (Bodenstein, Z. Elehtro- 
chem 1913, 19, 836), has found a simple explanation in the chain 
theory of Nemst (“ Grundlagen der neuen Warmesatzes,” Halle, 
1918, p. 133). The primary action of the light is considered to be a 
dissociation of the chlorine molecules in accordance with simple 
quantum relations. Subsequent action takes place in the manner 
shown in the following equations (a) and (6), both of which may be 
shown thermodynamically to represent reactions of large affinity. 


C1+H 2 = HCH-H. (a) 

H + C1 2 = HC1 + C1 , ..(6) 


It will be seen that the absorption of one light quantum, by its 
generation of two chlorine atoms, can thus originate two chains of 
reactions which are propagated indefinitely throughout the gaseous 
mixture by the alternate repetition of reactions (a) and (6), giving 
rise to a very large number of hydrogen chloride molecules. 

The jRSle of Water in the Reaction .—Before we can apply the chain 
theory of Nernst to explain the complicated relationships found to 
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hold good by M. C. 0. Chapman, in her quantitative study of the 
reaction (J., 1923, 123, 3062), it will be necessary to consider in 
some detail the bearing of the recent work of Coehn and Jung upon 
the effects of desiccation on the velocity of hydrogen chloride 
formation, and an important deduction to which this gives rise. 
The subject was originally opened by Baker (J., 1894, 65, 612), who 
showed that combination of the two gases under extremely dry 
conditions proceeded only very slowly in sunlight, instead of by 
explosion. Bodenstein and Dux (Z. physikal. Chem 1913, 85, 297), 
on the other hand, showed definitely that desiccation down to a 
water vapour pressure of 10" 3 mm. of mercury produced no effect 
upon the velocity of combination of the two gases. More recently, 
Coehn and Jung (ibid., 1924,110, 705) have been able to extend the 
limit of desiccation down to a water vapour pressure of 10” 7 mm., 
at which point they found the formation of hydrogen chloride to be 
suspended. Prom their results and those of Bodenstein and Dux 
it is evident that the velocity of hydrogen chloride formation is 
independent of water vapour pressure, when the latter is increased 
upwards beyond the limit of 10" 4 mm. but that below this pressure 
it gradually falls off to zero. No explanation of these important 
facts was put forward by Coehn and Jung, but the suggestion is 
here advanced that they become readily explainable if we draw 
the deduction that- the 'primary photochemical reaction requires water 
as a catalyst and takes place only at the walls of the vessel . 

Modem views of adsorption have led us to the belief that surface 
affinity is in general neutralised by a single layer of adsorbed mole¬ 
cules, and over their whole range of experimentation we may 
consider that Bodenstein and Dux were dealing with a glass surface 
completely saturated with water molecules and therefore offering a 
reaction surface of constant properties. At water vapour pressures 
below 1CT 4 mm., with preliminary baking out under a vacuum, this 
surface layer of molecules is unsaturated, until, at 10“ 7 mm., the 
surface is practically dry, and the formation of hydrogen chloride 
is suspended.* 

This hypothesis is rendered more probable by some simple calcu¬ 
lations relative to Coehn and Jung’s conditions of experimentation. 
Their cylindrical reaction bulbs were 10 c.c. in volume, corresponding 
to a surface area of about 30 sq. cm. The radius of the water mole¬ 
cule being taken as 2 x 10‘ s cm., the number required completely to 
cover the surface is about 2 x 10 16 . The number of water mole- 

* This explanation may well apply to other eases of the suspension of 
reaction between gases on extreme drying, which may be regarded as due, 
not to the “ ultra-dryness ” of the gases, but to the removal of the catalytio- 
ally active water film from the walls of the vessel. 
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cules filling the bnlb at 10" 4 mm. is about 3*5 X 10 13 —about 600 
times too small to cover the surface—whilst at 10" 7 mm. the number 
is 6 x 10~ 5 times too small. From Coehn and Jung’s account of 
their work it would appear that their experimental bulbs were left 
for some time in communication with the source of water vapour 
pressure before sealing off, so that, while in the former case there 
would probably be time for a distillation of water vapour to occur 
sufficient to cover the dried surface of the vessel, there would in a 
like period only be time to cover one-thousandth of the surface at 
the lower pressure, and probably even less, since the walls of the 
communicating tubes also have to be saturated. We may therefore 
suppose that somewhere in the neighbourhood of 10" 3 or 10~ 4 mm. 
of water vapour pressure the moisture film at the surface of the 
reaction vessel ceases to be saturated, and the velocity of hydrogen 
chloride formation, in accordance with our hypothesis, begins to 
fall off at this point. 

These considerations lead us to the conclusion that dissociation 
of the chlorine molecule, which is a necessary preliminary to the 
starting of the IsTemst reaction chains referred to above, must occur 
through the intermediate formation of a loose complex of chlorine 
and water at the glass surface. It is possible that a hydrate of the 

TT p| 

form exists in the gaseous phase, and such a compound 

may also be formed at the surface, but under the latter condition 
it may well be so weakened structurally by the influence of the 
surface forces as to render photochemical dissociation of the com¬ 
pound possible at the surface, while impossible in the gaseous phase. 
Thus we may write : 

§>°<a = h 2° + 2a 

As an alternative view, we may suppose that, under the combined 
influence of the force fields of the glass surface and the water mole¬ 
cules, the chlorine molecule receives an induced polarity which 
renders it the more easily dissociable (see Norrish, J., 1923, 123, 
3006}.* Coehn and Jung {loc. ciL) have found, moreover, that when 
the photochemical reaction between hydrogen and chlorine is 
promoted by ultra-violet light, extreme desiccation has no influence 

* In any case there can be no doubt that chlorine adsorbed at the water 
film covering a glass surface is much more reactive than gaseous chlorine, 
’This has recently been experimentally demonstrated by the present author 
in conjunction with Mr. Glyn-Jones for the case of the reaction between 
ethylene and chlorine. This reaction occurs rapidly at the glass surface, 
and not at all in the gaseous phase, or on a non-polar and dry paraffin wax 
surface. Details of this work will be published later. 
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on the velocity of the reaction, and we may assume that the larger 
energy quantum here concerned is capable of dissociating the dry 
gaseous chlorine molecules, so that the primary photochemical 
reaction can occur in this case in the gaseous phase also. 

Confining our attention, however, to the action of visible 
radiation only, we see that the Nernst reaction centres must first 
originate at the water film of the surface, with chlorine atoms 
produced there, and may then travel outward into the gaseous 
phase, each centre being alternately represented by a hydrogen 
and a chlorine atom as a result of the endless repetition of reactions 
(a) and (b) above. A centre of reaction once started will persist 
until it meets either another centre or encounters the wall of the 
vessel. In the former case, the atoms of the two centres will com¬ 
bine with each other; in the latter, reaction will occur between 
the atoms of the centre and the dissociated chlorine atoms at 
the surface, or with the water at the surface. Since the partial 
pressure of reaction centres in the system must be extremely minute, 
encounters of these with the wall of the vessel will be much more 
frequent than encounters with one another, so that mutual neutralis¬ 
ation may be assumed negligible compared with neutralisation at 
the surface. 

It would thus appear a reasonable deduction that the primary 
photochemical reaction—the quantised dissociation of the chlorine 
molecule—occurs as a surface reaction catalysed by water, and that 
the reaction centre so started (consisting alternately of atomic 
hydrogen and chlorine) moves outward into the gaseous phase, 
being destroyed only when it meets the walls of the vessel, or— 
much more rarely—another centre. 

The Induction Period . 

The deductions as to the nature of the primary photochemical 
reaction set forth above suggest a simple explanation of the induc¬ 
tion period on the basis of a surface poisoning by foreign substances. 
Any impurity capable of combining preferentially with the moisture 
film at the surface of the reaction vessel should act as a poison to 
the primary photochemical reaction and inhibit the formation of 
hydrogen chloride. Burgess and Chapman have shown that small 
traces of ammonia, or impurities producing ammonia, can give 
rise to artificial induction periods. Arguing from the strong affinity 
of ammonia for water, there can be little difficulty in ascribing its 
action to preferential combination with the moisture film. In 
Part II of this paper the kinetics of the induction period are studied 
in more detail, and a quantitative research is described which 
strongly confirms the present hypothesis. 
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The Anticatalytic Effect of Gxygen. 

It was established independently both by Chapman and McMahon 
(J., 1909, 95, 135, 959) and by Bodenstein and Dux ( loc . tit), that 
the rate of combination of hydrogen and chlorine is inversely 
proportional to the oxygen concentration. Thus, keeping the 
partial pressure of hydrogen and chlorine constant, we may write : 

d\JELCl]/dt = kj[ 0 2 ]. 

Norrish and Rideal (this vol., p. 787) have confirmed the suggestion 
of Chapman that at the same time the hydrogen and oxygen 
gradually unite to form water under the photosensitive action of the 
chlorine. The relationship found to hold between the velocity of 
water formation and the concentrations of chlorine and oxygen may 
be expressed by the formula : 

d[H z Q]fdt = *'[Cl 2 ][O a ]. 

This reaction receives a simple explanation by assuming that 
chlorine molecules throughout the gaseous phase, rendered active 
by the absorption of a light quantum, can activate oxygen by the 
transfer of intra-atomic energy on collision. We may assume that 
a similar deactivation is possible at the surface, and in order to 
explain completely the anticatalytic effect of hydrogen discovered 
by M. C. C. Chapman it is necessary to assume that oxygen can 
deactivate the surface molecules only when it collides simultaneously 
with a hydrogen molecule. Thus water may be formed by photo¬ 
sensitisation throughout the gaseous phase and at the surface, but 
it is only the latter process that is to be regarded as connected with 
the anticatalytic effects of oxygen and hydrogen. 

The Kinetics of the Hydrogen-Chlorine Reaction . 

These ideas will now be applied to the development of a theoretical 
expression, connecting the rate of formation of hydrogen chloride 
with the partial pressures of hydrogen, chlorine, and oxygen in the 
system, which is in complete agreement with the experimental 
findings of D. L. Chapman and his school (see especially M. C. C. 
Chapman, J., 1923,123, 3078). 

Let the gaseous concentration of the components be represented by 
square brackets enclosing the corresponding formulae, and constants 
by K 9 k, etc. It will be assumed that the chlorine may be adsorbed 
at the surface of the water film, the fraction, <f>, of the total area 
covered being small compared with unity. Under the influence of 
the light, the adsorbed chlorine gradually reacts with hydrogen to 
form reaction centra ; when a stationary state has been reached, 

hm ^ * ... . . (i) 
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Let N be at any moment the number of molecules of photo- 
chemically activated chlorine present per sq. cm. of surface. Not 
all of these are to be regarded as capable of starting reaction chains, 
but only a small fraction which under a favourable combination 
of circumstances may be considered as completely dissociated.* 
All the active chlorine molecules at the surface, however, may be 
deactivated when simultaneously struck by a hydrogen and an 
oxygen molecule, with the resulting photosensitive formation of 
water, and also by thermal degradation of their energy, the 
number deactivated by these two processes being regarded as 
large compared with those which react with hydrogen. Equating 
the rates of activation and deactivation at the surface, we have, 
therefore, when a stationary state has been reached, 

V^W[o 2 ] + i 8 y ..... (2) 

where I represents the intensity of illumination. 

Combining equations (1) and (2) and collecting constants, 

N * K i-?[CI 2 ]/[H 2 ]([H 2 ][0 2 ] + k) .... (3) 

Let s and v be the total surface and the volume of the vessel, and 
n the number of reaction centres present at any moment per c.c. 
of the reacting system. The rate of production of centres is, 
according to hypothesis, proportional to the number of contacts 
between surface active chlorine molecules and the bombarding 
hydrogen molecules. Hence 

dn/dt = k e sN[B. 2 ]/v ... ... (4) 

The reaction centres are destroyed on again meeting the walls of 
the vessel, the constituent atoms reacting there with the adsorbed 
atomic chlorine or the water. Hence, the much smaller number of 
centres destroyed in the gaseous phase being neglected, 

— dn/dt— k 7 n$/v .(5) 

where sfv is the surface available per unit of volume. Equating 
equations (4) and (5) for a stationary state, and combining with 
equation (3), we obtain 

n = Z 2 /[Cy/[H 2 ][0 2 ] + i .... (6) 

Now, for a given reaction centre, let t 1 be the average time required 
for a hydrogen molecule to react with the chlorine atom, and the 
time required for a chlorine molecule to react with the hydrogen 
atom. 

* For instance, the active molecule may pass through a series of vibrations, 
only one phase of which is equivalent to dissociation from the point of view 
of the bombarding hydrogen molecules. 
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Then : t x = a/[H 2 ] and t 2 = &/[Cy, 

where a and b are constants. 

In (t x + # 2 ) seconds two molecules of hydrogen chloride are 
formed per centre, and the process then repeats itself. Prom n 
centres, therefore, 2n/(t 1 + t 2 ) molecules of hydrogen chloride are 
produced per second, 

or d[KCl]/dt = 2n/(a/[ H 2 ] + 6/[OJ) .... (7) 

Combining equations (6) and (7), we obtain finally : 

dimiydt = z/[H 2 ][cyv([H 2 ][o 2 ] + *)(«[cy + b[ hj) . (8) 

This expression is completely satisfactory as a general formula 
for the description of the results of M. C. C. Chapman ( loc . 
if a and b are regarded as comparable in magnitude, and k as small 
compared with the product [H 2 ][0 3 ], except when [H 2 ] is very small. 

The predictions of this expression may be summarised in a manner 
parallel to the summary of experimental results given by M. C. C. 
Chapman (loc. tit., p. 3078), and it will be seen on comparison that 
there is close agreement between experiment and theory :— 

(1) No term for the total pressure of the reacting gases is involved 
in the expression, and d[HCl]/cfe is therefore independent of the 
total pressure of the gas. 

(2) If [By and [OJ be kept constant, 

(a) <Z[HCl]/$ oc [Cl 2 ] when [H 2 ] is small. 

(b ) d[HCl]/dt oc [ClgJ 2 ’^ when [H 2 ] == [Cl 2 ], x being less than unity. 

(c) d[KCl]/dt oc [Cl 2 ] 2 when [Cl 2 ] is small. 

(3) If [Cl 2 ] and [0 2 ] be kept constant, 

(а) d[KCl]/dt oc [H 2 ] when [H 2 ] is small. 

(б) d[HCl]/df oc lj[H 2 ] l ~ x when [Cl 2 ] # [H 2 ], x being comparable 
with unity. 

(c) d[HCl]/d£ oc 1 /[H 2 ] 1-x when [Cl 2 ] is small, x being small 
compared with unity. 

(4) If [By and [d 2 ] be kept constant, 

(a) d[Hd]/<fc oc l/[0 2 ] 
except 

(b) d{T3GY\Jdt = k when [H 2 ] is very small. 

Summary. 

Recent work by Coehn and Jung has shown that while the rate 
of combination of hydrogen and chlorine in visible radiation is 
u n i n fluenced by desiccation down to a water vapour pressure of 
I0” 4 mm., it approaches zero between 10' 4 and 10" 7 mm. In 
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explanation, it is here suggested that the primary photochemical 
reaction—the dissociation of the chlorine molecule into atoms— 
occurs only at the water film covering the walls of the vessel and 
that its rate is uninfluenced while the surface layer of water is 
saturated, but decreases when this is only partly saturated at low 
water vapour pressures. The resulting e< Nernst chains 55 must 
extend outward into the gaseous phase, and be destroyed on again 
meeting the surface. This hypothesis leads to an expression in full 
agreement with Chapman’s quantitative researches. 

Part II. An Experimental Study of the Mechanism and Nature of 
the Period of Induction . 

It was early observed by Bunsen and Roscoe in their researches 
on the photochemical union of hydrogen and chlorine {Phil. Trans., 
1857, 147, 381) that the combination of these two gases is preceded 
by a period of quiescence during which no reaction occurs. This 
phenomenon, to which they applied the name “ photochemical 
induction,” remained a puzzle to early experimenters, until Burgess 
and Chapman, in a now classical paper (J., 1906, 89, 1899), showed 
it to be due to the inhibiting action of small quantities of ammoniacal 
impurities present in the water of the insolation vessel. 

The explanation suggested by Chapman and McMahon (J., 1909, 
95, 1717; 1910, 97, 847) was based on the supposed production of 
small # quantities of nitrogen trichloride, by the chlorine from the 
ammoniacal impurities, and the subsequent oxidation of the 
hydrogen chloride as it was formed, presumably according to the 
equation NC1 3 + 3HC1 — NH 3 + 3C12. Such an explanation suffers 
from the defect that it puts no limit to the period of induction, 
for the ammoniacal impurity is repeatedly regenerated, and should 
therefore continuously suspend the formation of hydrogen chloride. 
It is also extremely difficult to conceive of a minute trace of foreign 
substance completely inhibiting a homogeneous gaseous reaction by 
secondary reaction with one of the products; at best we should 
expect a decrease in the velocity of hydrogen chloride formation 
dependent on the concentration of the nitrogen trichloride in the 
system. 

The later suggestion of Chapman and McMahon (loc. cit.), that 
the activated chlorine molecules are used up in sensitising the 
reduction of the inhibitor by hydrogen, has been confirmed by 
Norrish and Rideal (this vol., p, 787) for the case of the anticata- 
lytic effect of oxygen and may well apply in the case of some of the 
other impurities, e.g., nitrogen peroxide; but it is overstrained if we 
attempt to explain the complete inhibitory effect of ammonia by its 
means. The two series of phenomena are quite distinct and cannot 
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be grouped together. On the one hand, the additions of relatively 
large quantities of oxygen merely decrease the velocity of hydrogen 
chloride formation in inverse ratio to its concentration, whilst on 
the other, much smaller quantities of ammonia (as will be evident 
from the data of this paper) completely inhibit the hydrogen-chlorine 
reaction for a period of time proportional to the quantity of ammonia 
added. The subsequent hydrogen-chlorine reaction which sets 
in suddenly at the end of the induction period rapidly reaches a 
maximum velocity which from the observed Draper effects bears 
no relation to the original ammonia concentration.' 

These difficulties led the present author to reject the mechanism 
suggested by Chapman and McMahon as insufficient, and particularly 
since the conclusions arrived at in Part I of this paper indicate an 
alternative explanation which is more in accord with experimental 
fact. If the deduction that the primary photochemical dissociation 
of the chlorine occurs at the water film covering the walls of the 
vessel is accepted, we have a very simple means of explaining the 
induction period as due to a surface poisoning by preferential 
adsorption of ammonia derived from these impurities. We may 
suppose that the ammonia covers the surface, and removes from 
the sphere of action the water essential to the chlorine dissociation, 
and that the poison must first be removed by reaction with the 
illuminated chlorine before the surface can be rendered active. 

In order to test the likelihood of this view it was necessary to 
obtain quantitative data relating the induction period to the amount 
of ammonia, chlorine, and hydrogen in the system, and to the surface 
extent, and to this end the experimental researches described below 
were undertaken. The measurements which have been obtained 
have proved accurately reproducible, and consistent with the 
hypothesis of surface poisoning advanced above. 

In devising an apparatus capable of dealing rapidly and accurately 
with small quantities of ammonia, it was deemed necessary to 
dispense with water, present in the insolation vessels of most workers, 
as absorbent for the hydrogen chloride. As it was only necessary 
for the present purpose to observe the instant of onset of the 
hydrogen-chlorine reaction and not its velocity, advantage was taken 
of the Draper effect or sudden increase of pressure of the gaseous 
system due to the heat given out when the hydrogen and chlorine 
start reacting. Another difficulty proved the admission of a small 
and accurately known amount of ammonia gas to the system. This 
was eventually solved by making use of the molecular compound 
of silver chloride and ammonia, 2AgCl,3NH 3 (Bodlander, Z. physikal. 
Ghem., 1892, 9, 730), which exerts a known and manageable dis¬ 
sociation pressure of ammonia at the ordinary temperature (Isam- 
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bert, Compt. rend., 1868, 66, 1529) and could be used as a source of 
definite small doses of ammonia. 

The apparatus used may be described by reference to Fig. 1. 
The reaction vessel consisted of a glass bulb (A), of capacity 185 c.c. 
and diameter 7-0 cm. for most of the experiments described. The 
reaction chamber was connected on the one hand to the gas supplies 
and vacuum pumps via tap (15), and on the other to an enclosed 
Bourdon gauge (C). This gauge, which is efficient either as a 
direct-recording instrument for small pressure changes of from 


Pig. la and 16. 



1 mm. to 50 mm., or as a “ null ” instrument for recording pressures 
up to one atmosphere, is made by blowing a thin glass bulb of about 
7 cm. capacity, attaching a style of glass about 20 cm. long, and then 
heating in the flame and sucking in one side to the shape shown at 
(C) in Figs, la and lb. Variation of pressure inside the gauge 
caused movement of the style, the shadow of which was focussed on 
a translucent scale (J) and observed through a magnifying glass or 
telescope (K). The gauge was sealed inside an outer vessel (R), 
the internal pressure of which could be varied by allowing air to 
enter or leave by tap (11), and measured by means of the mercury 
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manometer (D). By equalising the pressures outside and inside 
the gauge, the pressure of the chlorine gas in A could be measured 
without the direct use of mercury manometers, which are corroded 
by the gas. The gauge also proved an accurate and efficient indi¬ 
cator of the small pressure changes due to the Draper effect used as 
the basis of these measurements. 

The source of illumination was a quartz mercury vapour lamp 
(L) carrying a direct constant current of 3*5 amp. from a 220- 
volt supply, and placed 20 cm. from the front surface of the 
bulb (A). The light from the lamp traversed a water cooler (F), 
with parallel plate-glass sides, which removed the infra-red and 
ultra-violet rays, and could be screened from the reaction vessel by 
means of the opaque screen (G). The reaction bulb also and the 
greater part of the gauge were enclosed in a tin canister as a screen 
from adventitious radiation. The amount of light falling on the 
bulb was limited by a hole, 4 cm. in diameter, in the side of this 
canister, and a stop of the same diameter placed in front of the 
water cooler. These conditions were kept constant throughout 
the whole of the comparative measurements to be described. The 
technique of the chlorine and hydrogen manipulation was essentially 
the same as that described by Norrish and Rideal (this vol., p. 787), 
except that the pressure of the former gas was measured by means 
of the Bourdon gauge as already described. The chlorine was 
obtained from a cylinder of liquid chlorine, was purified from any 
hydrogen chloride or ammonia by passage through water, and dried! 
by means of fused calcium chloride. Independent analysis showed 
that the gas delivered by the cylinder contained no detectable 
oxygen. The hydrogen was obtained from a cylinder of the com¬ 
pressed gas, and carefully purified from oxygen by passage and 
repassage over red-hot palladised copper; it was stored in an 
aspirator over strong soda solution and dried by calcium chloride 
before admission to the apparatus. The silver chloride-ammonia 
compound was enclosed in the blackened bulb, B, which was isolated 
by stopcocks (7) and (9) from the rest of the apparatus and kept 
filled with pure hydrogen. Definite doses of ammonia could be 
expanded from B into A by means of the hydrogen gas as carrier. 
The other connexions of the apparatus are sufficiently evident 
from the diagram and need no description. 

After a preliminary evacuation of the reaction vessel (A) and gauge 
envelope (R) by means of the water-pumps, the former was exhausted 
by the Toepler pump until the pressure of the contained air indicated 
by the McLeod gauge was not greater than 0*05 mm. The pump 
was then shut off from the apparatus and tap (8) closed. “ Ammoni- 
ated hydrogen 73 was then expanded from B into A via taps (9) and 
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(15) until the required pressure, indicated by the mercury mano¬ 
meter (E), was attained. Simultaneously air was allowed to enter 
the envelope (R) until the same pressure was reached. The bulb 
(B) was then refilled with hydrogen for later use, by way of taps 
(2), (4), and (7). After re-evacuation of the connecting tubes, 
hydrogen to the required pressure registered by the manometer E 
was expanded into the reaction vessel with the simultaneous 
admission of air to the gauge envelope, as before. Finally, after 
the connecting tubes had been again evacuated and “ washed 
out ” and the manometer E isolated by tap (10), the chlorine was 
expanded from its container into the reaction vessel, its pressure 
being measured by adjusting the style of the gauge to zero on the 
scale by simultaneously admitting air to the envelope (R), 

During this period of gaseous manipulation the lamp had been 
allowed to reach a steady state of running, the screen (G) being in 
position. The bulb containing hydrogen, chlorine, and ammonia 
at known pressures was now exposed to radiation from the lamp, 
the instant of removal of the screen being noted. The image of the 
style of the gauge on the illuminated scale was now watched, and 
readings of its position were made at short intervals. In general, 
during the induction period the gauge indicator steadily remained 
at zero, and when this terminated, the onset of the hydrogen- 
chlorine reaction was marked by a very sudden movement of the 
style along the scale, as a result of the pressure increase due to the 
emission of heat by the combining gases. The time from the first 
instant of illumination to the moment when the first movement of 
the gauge indicator was observed was noted as the induction period. 
The increase of pressure rapidly reached a maximum, and continued 
with a very slow fall as long as the gases were illuminated. If the 
screen were replaced, the pointer immediately moved back to zero, 
and on re-illumination the Draper effect immediately manifested 
itself; showing that there is no tendency for the induction period 
to reappear. A typical graph of these pressure changes is given in 
Pig. 2 and it will be seen that they are sharp enough to enable the 
induction period to be obtained to a high degree of accuracy. Its 
termination could usually be marked to a second or so by means of 
a stop-watch. 

No control of the temperature was included in the apparatus, 
and was purposely omitted, since water cooling tends to minimise 
the Draper effect, which is required to be as large as possible for 
the accuracy of these measurements. The loss of accuracy by this 
omission is probably very small, since it is well known that photo- 
'chemical reactions are in general little affected by small changes of 
temperature. In any case, the temperature of the room rar4y 
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varied from 17° by more than one degree. The temperature of the 
bulb B was always recorded and from a knowledge of the dissociation 
pressure of the silver chloride-ammonia compound, and the amount 
of hydrogen expanded from B into A, the quantity of ammonia 
carried into the reaction chamber could be calculated. 

In Tables I, II, and III are given the results of measurement of 
the induction period under standardised conditions. 

(a) Varying the ammonia pressure and keeping the pressure of 
hydrogen and chlorine constant. 

(b) Varying the hydrogen pressure, and keeping that of the 
chlorine and ammonia constant. 

(c) Varying the chlorine pressure and keeping that of the ammonia 
constant.* 

Fig. 2. 

Pressure changes on illumination, showing induction period . 



Table I. 

Variation of Induction Period with Pressure of Ammonia. 

Total pressure of hydrogen 160—170 mm. 

Total pressure of chlorine 470—490 mm. 
a: = pressure of “ ammoniated hydrogen 55 admitted to reaction vessel in 
mm. of Hg; p, the pressure of ammonia in mm. of Hg, = x x 0-0116 (correct 
to 0-05 mm. of Hg); T = induction period in seconds. 


X, 

■.'P- 

2\ 

{Tjp) x 10- 2 . 

X. 

P- 

T. 

{Tjp) x 10- a . 

0 

0 

0 

— 

102 

1-30 

510 

3*9 

H 

0*15 

60 

4*0 

124 

1-45 

570 

3-9 

13 

0*15 

55 

3-7 

149 

1-75 

710 

4*1 

30 

0*35 

145 

4-1 

166 

1*95 

925 

4-7 

30 

0*35 

135 

3-9 

167 

1-95 

820 

4-2 

65 

0*65 

250 

3-8 




Mean 4-02 

82 

0*35 

375 

4-0 





t was ^unnecessary to keep the hydrogen pressure constant in this series, 
smce, as will be seen from Table II, its variation has no effect upon the 
period of induction. 
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Table II. 

Effect of Hydrogen Pressure on the Induction Period. 

Pressure of ammonia 0-35 mm. of Hg. 

Pressure of chlorine 195—210 mm. of Hg. 

Pressure of hydrogen in mm. 

of Hg .. 75 117 149 200 300 410 466 

Induction period in seconds 180 188 170 165 180 170 180 


Table III. 

Pressure of ammonia 0*35 mm. of Hg. 


Pressure of 
chlorine in 
mm. of Hg. 

46 
49 
73 
105 
146 

208 170 177 


Induction period in 
seconds. 


Pressure in 

r _ 


chlorine in 


Calc. T = 

mm. of Hg. 

Obs. 

90 (1 + 200/P). 

235 

160 

167 

272 

140 

156 

314 

150 

148 

372 

135 

138 

402 

136 

136 

481 

135 

128 


Induction period in 
seconds. 

' Calc! T — 
Obs. 90 (1 + 200/P). 


540 

481 

420 

459 

348 

338 

250 

262 

225 

213 


It will be seen from these results and the corresponding curves 
in Figs. 3 and 4 that the length of the induction period is (a) directly 
proportional to the pressure of ammonia, (6) independent of the 
hydrogen pressure, and (c) increased at first slowly and later more 
rapidly as the pressure of the chlorine is decreased. 

These results are not consistent with the view of Chapman and 
McMahon that the ammonia or its derivatives are removed from 
the system by the hydrogen chloride as it is formed, since the rate 
of production of the latter is dependent on the hydrogen pressure, 
while, according to (c) above, the induction period is independent 
of the hydrogen pressure. On the other hand, they do accord with 
the hypothesis that the ammonia is removed by reaction with the 
chlorine, which could occur according to the following equations : 

2NH 3 + 3 CI 2 = N 2 + 6HC1. 

6HC1 + 6NH 3 = 6NH 4 C1. 

The production of ammonium chloride in the bulb was indeed 
confirmed by the analysis of an easily sublimable, white deposit 
which formed on the walls of the reaction chamber when it was used 
several times successively with high ammonia pressures. This 
deposit could easily be removed by warming the bulb and washing 
it out several times -with air. A very dilute solution of the deposit 
in water gave a precipitate with Nessler’s solution and a turbidity 
with silver nitrate, proving it to be ammonium chloride. 
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The results set forth in Kgs. 3 and 4 cannot, however, be inter¬ 
preted as due to a homogeneous gaseous reaction between the chlorine 
and ammonia, but are in agreement with the view that this reaction 
occurs on the illuminated surface of the vessel. Thus, in the 
presence of a large constant excess of chlorine, a homogeneous 
gaseous reaction would be unimolecular with respect to the ammonia, 
and the induction period, corresponding with the time required to 
remove the ammonia, would vary according to the dotted curve 
shown in Fig. 3; moreover, for constant pressures of ammonia, the 
induction period should vary in inverse ratio to the chlorine 
pressure, which is not found to be the case. 

Fig. 3. 

Variation of induction period with ammonia pressure . 



Pressure of ammonia; mm, of Hg. 


On the other hand, if it is assumed that the surface is at all times 
saturated with respect to ammonia, and that this is removed by 
reaction with the bombarding chlorine molecules under the influe nc e 
of the light, a simple explanation is afforded of the above data. 
Let the whole surface water film, of area s, be covered with ammonia , 
and Jet a fraction, 8, at any moment be reacting with chlorine 
The rate of evaporation of the products of this reaction will be 
proportional to this area, and maybe written v6s, where via cons tan t 
The rate of reaction of chlorine will be proportional to the pressure 
of the chlorine (-P) (ie>, number of collisions with the surface per 
Becond) and to the disengaged ammonia surface, (1 — 6) s. 'When 
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a steady state has set in at the surface, the rate of reaction between 
the ammonia and chlorine will equal the rate of evaporation of the 
products, and we may write therefore 

vOs = kPQ. — 6)s, 

k being constant. 

Whence 0 — kP/(v + kP). 

Hence the rate of destruction of the ammonia is 
t = vds = vkPsJ{v -f- kP). 

Let p be the pressure of ammonia introduced into the reaction vessel 
of volume v. Then the total quantity of ammonia to be removed 

Fig. 4. 

Variation of induction period with pressure of chlorine . 
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Pressure of chlorine : mm, of Hg. 

by this surface mechanism is measured by pv, and the time required 
is the induction period, T. 

Hence T == pvjr = pv(v + kP) jsvkP. 

Writing 1/v = a and v\k = h > we obtain T = apv( 1 ~f b/P)/s, 

If P, the pressure of the chlorine, and the illuminated surface, 
s,Jbe maintained constant, we have the linear relationship between 
the initial pressure of ammonia and the induction period obtained 
experrmentally and shown in Kg. 3. 

If, on the other hand, the pressure of ammonia, p 9 and the 
illuminated surface be maintained constant, then the induction 
period depends on the chlorine pressure according to the relati onship 

2V= k(l + bjP). 
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Expressing T in seconds, and P in mm. of mercury, and giving to 
h and b the values 90 and 200 respectively, the curve of this equation 
has been plotted in Fig. 4; it will be seen that the deviation of the 
experimental points is in all cases small. The values for the induc¬ 
tion period calculated according to this expression are also tabulated 
in the third column of Table III. 

Finally, the formula for the induction period involves no term 
dependent on the hydrogen pressure, in conformity with the data 
of Table II. 

As a final and crucial test of the expression developed above, it 
remained to show that the induction period is dependent on the 
volume of the reaction vessel and the extent of illuminated surface, 
by a suitable variation of the dimensions of the vessel A. 

It will be seen that for constant pressures of chlorine T jp cc vjs. 
A second bulb was therefore prepared of volume 45 c.c. and diameter 
4*4 cm., and interchanged with the original one. The dimensions 
of the stops limiting the light were kept at the original magnitude 
(4 cm. in diameter), so that the change in the dimensions of the 
illuminated surface was relatively small. This was deemed necessary, 
since the field of illumination could not be considered uniform. 
Comparative runs with the two bulbs, as will be seen from the 
results of Table IV, showed unmistakably that the quotient Induc¬ 
tion period/Pressure of ammonia is proportional to the volume of 
the vessel, when the illuminated surface s is kept constant. * 

Table IV. 

Variation of Induction Period with Volume of Vessel. 

Pressure of chlorine ca. 480 mm. of Hg. 

Pressure of hydrogen 150—170 mm. of Hg. 

Volume of vessel Pressure of 

plus gauge ammonia, p, in Induction period, 

(5 c.c.) = v c.c. mm. of Hg. T, in secs. Tip. 

50 1*77 180 1*02 

1-96 180 0-92 

1*78 185 1*04 

Mean value 1*00 

190 See Table I. Mean value 4*02 

Thus the ratio of the volumes of the two bulbs is 190/50 = 3*8, 
whilst the ratio of the quotients Tjp is 4-02/1*00 = 4*02, a sufix- 
ciently close agreement. 

As a means of keeping the volume constant and varying the 
surface, a bulb containing glass wool was prepared, of 200 c.c. free 
space. The illuminated surface, limited by the same stops as 
previously, was in this way augmented by the irregular surface of 
the glass wool immediately in contact with the front face of the 
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bulb, and though the back face of the bulb now received no light, 
the total illuminated surface was considerably in excess Jof the 
surface of the bulb containing no glass wool. In spite of the fact 
that all the ammonia had now to diffuse to the forward surface of 
the bulb, through the interstices of the obstructing mass of glass 
wool, the induction period was markedly shortened, the quotient 
Tjp being reduced from 4 to 3, as is shown by the results set out in 
Table V. 


Table V. 


Variation of Induction Period with Surface of Vessel. 


Pressure of chlorine c a. 480 mm. of Hg. 
Pressure of hydrogen ca. 160 mm. of Hg. 


Reaction vessel. 
Original (volume 190 c.c.) 

Surface increased by glass 
wool (volume 205 c.c.). 


Ammonia 

Induction 


pressure, p, in 
mm. of Hg. 

period. 


T (secs.). 

Tjp x 10~ 2 . 


See Table I. 

Mean value 
4*02 

1 

r 2-o 

600 

3-00 

J 

2-1 

590 

2*82 

I 

! 2-1 

620 

2*95 


These results (Tables IV and V) therefore show (other things 
being equal) that the induction period is (quantitatively) propor¬ 
tional to the volume of the reaction vessel and (qualitatively) 
inversely proportional to the illuminated surface, as required by the 
“surface poisoning hypothesis 55 developed in this paper. It 
would indeed be difficult to escape from the view, even if the evidence 
given in Part I were not available, that the sudden onset of the 
hydrogen-chlorine reaction, at the termination of the induction 
period, is due to the liberation of the illuminated surface from the 
adsorbed ammonia, and its consequent activation for the primary 
photochemical reaction of the hydrogen-chlorine system. 


Summary. 

The view developed in Part I is extended to account for the 
phenomenon of photochemical induction as a surface poisoning 
effect by ammonia derived from traces of nitrogenous impurities. 
Ammonia is assumed preferentially to combine with the catalytically 
active water film, and to require removal by photochemical reaction 
with the chlorine before the primary reaction can occur. 

A quantitative study of the induction period, produced by adding 
known doses of ammonia to the hydrogen-chlorine system, has been 
undertaken. The results can be expressed by the formula 

T = apv( 1 — b/P)/s , 

where T is the induction period, p } P are the pressures of ammonia 
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and chlorine, v and s are the volume and surface of the reaction vessel, 
and a and b are constants; and are consistent with the surface 
poisoning theory set out above. 

The author desires to thank the Department of Scientific and 
Industrial Research for a maintenance grant which has made this 
work possible. 

Department op Physical Chemistry, 

Cambridge University. [Received, June 17th, 1925.] 


CCCXVIL —Selective Solvent Action. Part IV. 
Cryoscofy in Mixed Solvents. 

By Robert Weight. 

The depression of the freezing point of a solvent produced by the 
addition of a solute may be diminished by the subsequent addition 
of a third substance; the diminution may be due to various causes 
based on the decrease in the concentration of the solute molecules 
or complexes in the solution. 

In recent papers (J., 1922, 121 , 2252; 1923, 123 , 2493; 1924, 
125 , 2068) dealing with the partial vapour pressures of aqueous 
alcohol, it has been shown that a substance soluble in only one con¬ 
stituent of the aqueous alcohol will, when added to the mixed solvent, 
lower the vapour pressure of the constituent in which it is soluble 
and raise the vapour pressure of the other. The formation of solvates 
would account for this behaviour. Similar results might be expected 
from a study of the freezing points of such systems. Mihaly 
(Z. pkysikal. Chem 1897, 24 , 13) observed that the addition of 
water to the mixed solvents alcohol-benzene, phenol-benzene, and 
acetic acid-benzene raised the freezing point of the benzene, and 
attributed the results to the formation of hydrates. A cryoscopic 
examination was therefore made of a considerable number of semi¬ 
solutes in the mixed solvents named in Table I (alcohol-water gave 
indefinite freezing points). As a rule, no difficulty was found in 
determining the freezing points to 0-02° by the ordinary Beckmann 
method. 

As anticipated, the freezing point of the constituent in which the 
semi-solute is insoluble is always raised by the addition of the semi¬ 
solute. When the concentration of the latter is plotted against the 
elevation of the freezing point a continuous curve results with a 
break at the point of formation of two liquid phases. 

The insolubility of the solutes in the first constituent of the mixed 
solvent was tested by noting the effect of excess of the solute on 
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Table I. 

Nicotine-Water. 

40 C.c. of nicotine in 100 c.c. of water. Density 1*007. F. p. of solution -—2°. 
20 C.c. of solution used as solvent. 


t o = wt. in g. of the third substance and e° = elevation of the f. p. 


Benzene : to .. 

. 0*0770 

0*1385 

0*2130* 

0*2977 

0*3185 


e°.. 

Carbon tetrachloride : 

, 0-030 

0*048 

0*072 

0*081 

0*083 


w .. 

. 0*0965 

0*2020 

0*2985* 

0*3995 

0*5250 


e° . 

. 0*010 

0*022 

0*027 

0*030 

0*031 


Chloroform : w . 

. 0-0795 

0*1640 

0*3020 

0*4070* 

0*5220 

0*6535 

e° . 

. 0*023 

0*036 

0*075 

0*095 

0*115 

0*126 

Methyl salicylate : w 

0*0655 

0*1430 

0*2145 

0*2955* 

0*3920 

0*5070 

e° 0*043 

Monobromonaphthalene : 

0*063 

0*108 

0*125 

0*125 

0*125 

w .... 

. 0*0460 

0*0975* 

0*1375 

0*1780 

0*2170 


e°. 

. 0*045 

0*060 

0*068 

0*070 

0*070 



Alcohol-Benzene. 

25 C.c. of alcohol in 100 c.c. of benzene. Density 0*853. F. p. of benzene 
5*5°. F. p. of solution 1*3°. 20 C.c. of solution used as solvent. 


Citric acid : to . 

0*0220 

0*0330 

0*0445 

0*0625 

0*1035 

excess 

e °.... 

0*060 

0*100 

0*145 

0*180 

0*250 

0*770 

Tartaric acid : w . 

0*0130 

0*0350 

0*0495 

0*0667 

0*0870 

excess 

e° . 

0*030 

0*090 

0*118 

0*155 

0*197 

0*367 

Oxalic acid : w . 

0*0280 

0*0590 

0*0880 

0*1235 

0*1550 

excess 

e° . 

0*065 

0*135 

0*200 

0*295 

0*355 

2*100 

Cadmium iodide : w 

0*0482 

0*1132 

0*2027 

0*3092 

0*4127 

excess 

e° 

0*042 

0*083 

0*125 

0*190 

0*252 

1*105 


Acetone-Benzene. 




20 C.c. of acetone in 100 c.c. of benzene. 

Density 0*856. 

F. p. of 

solution 

-6*2° 

. 20 C.c. 

. of solution used as solvent. 


Mercuric chloride : w 

0-1375 

0*2035 

0*3245 

0*4370 

excess 


e° 

0*130 

0*200 

0*290 

0*420 

0*920 


Cadmium iodide : w 

0*0730 

excess 





6° 

0*110 

0*480 






Alcohol-Ethylene Dibromide. 

25 C.c. of alcohol in 100 c.c. of ethylene dibromide. Density 1*888. F. p. 
of ethylene dibromide 9*5°. F. p. of solution 5°. 20 C.c. of solution used as 

solvent. 


Oxalic acid : to . 

. 0*0938 

0*1561 

0*2298 

0*3073 

0*4083 

0-5028* 0-6001 

e°. 

. 0*175 

0-298 

0*448 

0*610 

0*795 

0*970 

1*115 

w . 

. 0*7555 

0-9523 

M182 

excess 




e°. 

. 1*375 

1*615 

1*755 

2*080 




Citric acid : to . 

. 0*1140 

0*2032 

0*2875 

0*4058 

0*6365* excess 


e°. 

. 0*170 

0*275 

0*410 

0*590 

0*830 

1*030 


Tartaric acid : w .. 

. 0*1060 

0*1805 

0*3360 

excess 




e° .. 

. 0*160 

0*260 

0*440 

0*480 




Water: w .. 

. 0*0710 

0-1365* 0-2335 

0*3025 

0-4005 

0*4830 

0*6510 

e°.. 

. 0*250 

0*510 

0*780 

0*950 

1*110 

1*210 

1*470 ; 


* System separates into two liquid phases. 
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the freezing point of the pure constituent. Thus excess of water 
lowered the freezing point of ethylene dibromide by 0-08° and 
mercuric chloride lowered the freezing point of benzene by 0-05°. 
The effect produced by all other solutes was less than 0-02°. 

It thus seems evident that a semi-solute when dissolved in a 
mixed solvent forms solvates with the constituent in which it is 
soluble, and as a result raises both the freezing point and the 
vapour pressure of the other constituent. Thus the addition of 
alcohol to benzene lowers the freezing point of the latter and—on 
the solvate theory—forms alcohol-benzene complexes. The sub¬ 
sequent addition of water decomposes some of these with the 
formation of water-alcohol complexes; benzene is thus liberated 
and a more dilute solution with a higher freezing point is produced. 

An attempt was made to carry the investigation a step further 
by adding glucose to the homogeneous solvent consisting of 10 c.c. 
of benzene, 10 c.c. of alcohol, and 2 c.c: of water, but the results 
obtained were too indefinite to be of any value. 

The effect of solutes soluble in both constituents of a mixture of 
equal weights of alcohol and benzene was also examined. The 
solutes used were acetanilide (11), benzoic acid (4), picric acid (0*8), 
naphthalene (0-3), and phenanthrene (0*08). The figures after each 
substance indicate roughly the ratio of its solubility in alcohol to 
that in benzene. 

Table II shows that the solutes which are more soluble in alcohol 
at first raise the freezing point of the benzene and afterwards, 
at higher concentrations of solute, depress it; whilst those substances 
which are more soluble in benzene than in alcohol depress the 
freezing point of the benzene at all concentrations. This may be 
explained by the view that the substances more soluble in alcohol 
form solvates with the alcohol more readily than with the benzene, 
and only at higher concentrations, where the alcohol is to some extent 
bound, does the depression of the freezing point of the benzene take 
place. On the other hand, substances more soluble in benzene 
naturally depress the freezing point in all concentrations. 

If it may he concluded from the above results that a substance 
which at first raises the freezing point of the benzene in the 50% 
alcohol-benzene mixture and then depresses it is more soluble in 
alcohol than benzene, whilst a substance which, even in low con* 
centration, depresses the freezing point of the benzene is more soluble 
in it than in the alcohol; then the method may be applied to dis- 
c riminat e between the relative attractions of benzene and alcohol 
for a third liquid which is completely miscible with both. Thus ii 
acetic acid has a greater attraction for alcohol than benzene* it will 
at low concentrations raise the freezing point of the benzene in the 
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Table II. 

Changes in the freezing point of benzene in a 50% (by weight) alcohol- 
benzene mixture produced by solutes soluble in both constituents of the 
solvent. F. p. of solution —5-5°. 20 C.c. of solution used as solvent. 

w = wt. in g. of the third substance and e — elevation of the f. p. 
Acetanilide. Benzoic acid. Naphthalene. 


w. 

e. 

w. 

e. 

w. 

e. 

0-0125 

0-09° 

0*0475 

0-03° 

0-0885 

-0-18° 

0-0268 

0*18 

0*1065 

0-03 

0-2130 

-0-50 

0-0420 

0-20 

0-2190 

-0-06 

0-3740 

-1-11 

0-0767 

0-23 

0-3545 

-0*33 



0-1135 

0-38 

0*4870 

-0-47 

Phenanthrene. 

0-1660 

0-28 



0-0335 

-0-07 

0-2300 

0-18 

Picric 

acid. 

0-0647 

-0*10 

0-3145 

0-13 

0-0805 

-0*04 

0*1170 

-0-30 

0-4090 

0*06 

0-1775 

-0*16 

0-2145 

-0-51 

0-5620 

-0-03 

0-3255 

-0-38 

0*3100 

-0-73 

0-7030 

-0-14 

0-5045 

-0-53 





0-6900 

-0*83 




Changes in the freezing point of benzene in a 50% (by weight) alcohol- 
benzene mixture produced by solutes completely miscible with each 
constituent of the mixture. 20 C.c. of the solution used as solvent. 


Propyl 

alcohol. 


woButyl 

alcohol. 


tert.-Amyl 

alcohol. 


Methyl 

alcohol. 


V). 

e. 

0-0450 

0-07° 

0-0905 

0*17 

0-1490 

0-16 

0-2215 

0-18 

0*3250 

0*17 

0-4740 

0*01 

0-5780 

—0*17 

0-7780 

-0*25 


n-Heptyl 

alcohol. 

0*0315 

0-00 

0-0655 

0-00 

0-1130 

-0*09 

0-1780 

-0-17 

0-2840 

-0-30 

Butyric acid. 

0-0415 

-0*02 

0*0890 

-0-02 

0*1845 

-0*08 

0-3450 

-0*36 

Aniline. 

0-0565 

-0-03 

0-1345 

-0-11 

0-2295 

-0-23 


w. 

e. 

0-0570 

0-06° 

0-1250 

0-05 

0-2235 

0-01 

0-4020 

-0-19 

0-6160 

-0-46 


Octyl alcohol. 
0-0375 -0-02 

0-0810 -0-04 

0-1405 —0*06 

0-2120 -0-14 


Toluene. 
0-0570 -0*20 

0-1100 -0-38 

0-1690 -0*76 


Benzyl alcohol. 
0-0555 -0-06 

0-1310 -0-11 

0-2450 -0-23 


w. 

e. 

0-0300 

0-13° 

0-0650 

0-10 

0-1110 

0-06 

0-1740 

0-04 

0-2715 

0-03 

0-3960 

-0-04 


Acetic 

acid. 

0-0385 

0-00 

0-0955 

0-00 

0-1770 

-0*17 


Ethylbenzene. 
0*0442 -0-23 

0-1432 -0-66 

0-2272 -1-03 

Phenylethyl 

alcohol. 

0-0505 -0-06 

0-1225 -0*14 

0-2640 -0*28 


w. 

e. 

0-0420 

0-00° 

0-0740 

0-00 

0-1070 

0-00 

0-1490 

-0-02 

0-2185 

-0*09 

0*2950 

-0*09 

0*3930 

-0-08 

0-5530 

-0-14 

0-6710 

-0-24 

0-8720 

-0-38 

Propionic acid. 

0*0400 

-0-01 

0-0860 

-0-07 

0*1770 

-0*09 


Nitrobenzene. 

0*0630 

-0*12 

0-1170 

-0*19 

0-2650 

-0*35 


Carbon 
tetrachloride. 
0-0650 -0-06 

0-1260 -0-13 

0-2425 -0*28 


50% mixture, but if the acid has a greater attraction for the benzene 
it will lower its freezing point at all concentrations. 

The results are tabulated for sixteen miscible solutes and it wiil 
be seen that the lower members of the fatty alcohol series show a 
vol. oxxvn. 4 1 
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greater attraction for ethyl alcohol than for benzene. Amyl 
alcohol up to a considerable concentration has little effect on the 
freezing point of benzene in the mixed solvent and may therefore 
be considered to have almost equal attractions for the two constitu¬ 
ents. On the other hand, the higher alcohols and the aromatic 
compounds in general all seem to show a greater attraction for 
benzene than for alcohol. 

A similar phenomenon is met with when a solute is distributed 
between two liquids with both of which the solute is miscible. Thus 
acetic acid is miscible both with water and with benzene, but 
measurements of the partition coefficient show that the acid is 
much more strongly attracted by the water than by the benzene. 
The same results are obtained when the acid is partitioned between 
water and carbon tetrachloride or water and toluene. Miscibility 
might therefore be considered rather as indefinite than infinite 
solubility. 

The mixed solvent was prepared from equal weights of the two 
constituents. The usual method of freezing-point determinations 
was employed, but owing to the great concentration of the alcohol 
in the 50% mixture the results are not very accurate, though there 
was little difficulty in getting readings to within 0-05°. The results, 
however, are only of a qualitative nature and great accuracy is not 
claimed for them. 

GiiAjsgow University. [Received, July 15th t 1925.] 


CCCXVIIL —Colour and Molecular Geometry . Part IV. 
Explanation of the Colours of the Cyanine Dyes . 

By James Mom. 

The conception (this vol., p. 968) that the height of colour depends 
in the majority of cases mainly on the distance between two positive 
centres in the molecule may be applied to all classes of coloured 
substances. In many familiar commercial dyes, however, the 
molecule contains extensive inactive parts, lying outside the two 
positive centres. These inactive parts produce a “ loading ” effect 
on the colour, raising the position of the absorption band by an 
amount varying between \ and 10%. The cyanines, ^ocyanines, 
i^-isocyanines, azocyanines, and carbocyanines belong to this class. 
Before any explanation of their colours can be attempted it is 
necessary to estimate in quantitative terms the effect of the “ load.” 
This would have been u n necessary if all the parent substances had 
been made and their spectra measured. 
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The parent substances of these compounds are, respectively, 
di-4-pyridyhnethane, (C 5 NH 4 ) 2 CH 2 , 2 :4'-dipyridylmethane, di-2- 
pyridylmethane, di-2-pyridylamine, (C 5 NH 4 ) 2 NH, and (for the 
three kinds of carboeyanine) 4 : 4'-, 2 : 4'-, and 2 : 2'-dipyridyl- 
propenes, C 5 NH 4 *CH 2 *CHICH*C 5 NH 4 . Miss Hamer was kind enough 
to present me with a specimen of di-2-quinolylamine, and I have 
succeeded in making the third substance and its methyl derivatives. 
Observations of these were sufficient, taken along with published 
data, to solve the problem. 

Scheibe and Rossner (. Ber ., 1921, 54, 786) made the very sig¬ 
nificant discovery that di- 2 - quinolylmethane, which is a nearly 
colourless substance, can be converted by dilute acid, at about 
p K = 5, into a coloured phase which has practically the same 
absorption spectrum as ip-isocysunne (which is the dimethyl deriva¬ 
tive of this diquinolylmethane). The colour of the \j/-isocysumne 
salts is therefore due to the stable activation of the molecule by 
the methyl groups, which render the nitrogen atom (or possibly 
both nitrogen atoms) permanently quinquevalent. 

There is a minute difference between the colours of i/z-isocyaniiie 
salts and of activated di-2- quinolyImethane : the observations 
show that the methyl “ colour-factor ” has the value 1*005 (X521 
for the former, and X 516 * for the latter—referring to the highest 
band of each : the square root of the ratio of these figures is the 
methyl colour-factor). 

Similarly, comparison of my observations on activated diquinolyl¬ 
methane with those on activated dipyridylmethane enables the 
colour-factor for quinolyl/pyridyl to be calculated; the top band 
of the latter is at X 422, whence the colour-factor is V516/422, or 
1*105. 

This figure is much the same as the naphthol/phenol colour-factor 
previously established in the ordinary dicyclio family of dyes. It 
shows that the effect of the extra “ loading ” with a portion of a 
benzene ring is the same in the two families of colouring matters. 

Two other interesting regularities emerge from the observations. 
(A) All the cyanines have two bands close together, and the ratio 
of the absorption-centre wave-lengths for the two bands of each 
substance is practically always 1*065. (B) By a remarkable 

coincidence also the change of linking from ortho to para [i.e. } the 
change from 2 : 2' (or ip-iso) to 2 : 4' (or iso), and from iso to ordinary 
(2:4' to 4 :4')] involves the same factor 1*065. 

These factors therefore cancel in certain cases : the lower band 
of a 4 :4 / -cyanine is in the same place as the higher band of the 

* Author’s observations in water : 4 units higher in alcohol, 

4x2 
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corresponding 2 : 4'-cyanine, and the lower band of the latter is in 
the same place as the higher band of the corresponding 2 : 2 / -cyanine, 

The whole of the family having thus been regularised, it is only 
necessary to consider a single example, viz., the simplest one, 
di-2-pyridyhnethane, in order to find the distance between the 
positive centres on which the colour depends. 

The formula of this substance may be written C-CNC 4 H 4 , 

in which the atoms in positions 3, 4, 5, and 6 of the pyridine rings 
are written as C 4 H 4 . For the molecule in the activated condition, 
this becomes C 4 H 4 (iSrH)C!CIC(NH)C 4 H 4 . Since the C 4 H 4 groups 
lie obliquely to the chain NCCCN a small allowance may be made 
for this type of “ loading” (see J., 1924, 125, 1139). The activated 
substance being found to have X 422, the value X 415 may be 
attributed to the chain NCCCN. From the graph in Part III the 
distance between the centres of the nitrogen atoms in this chain 
is found to be 5*33 tenth-metres. 


Fig. 1. Fig. 2. 



Di-2-pyridylmeihane. 2 : 4'Dipyridylmethane . 

Now if the five atoms were in a straight line, the distance would 
be (using Bragg’s data) (3 X 1-54) + (2 x 0*65) or 5*92 tenth- 
metres. If the five atoms are arranged alternately (zigzag) at 
0 C 

109i°, viz., 2 ^/ \q/ \jj, the distance between the nitrogen centres 

is about 4*9 tenth-metres. If they are arranged in the same manner 
but with the double-bond angle of 125£° between each carbon atom, 

Q Q 

viz., the distance is at 5*26 tenth-metres; which is 

sufficiently near what is required. Fig. 1 represents the result 
drawn to scale. It is to be noted that the central carbon atom is 
almost in line with the two nitrogen atoms. The diagram for 
dimethyl-iir-ttsocyanine iodide would be the same, with C 8 H 6 for 
C 4 H 4 , two methyl groups on the nitrogen atoms, and HI added. 
TKe diagram for dimethyh'socyanine iodide would be as the fore¬ 
going, but with one nitrogen para to the central carbon atom, as 
shown for its parent-substance, 2 : 4'-dipyridylmethane, in Fig* 2. 
Since the shape of the pyridine ring is not yet known, Fig. 2 cannot 
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be drawn to scale. Similarly, if both nitrogen atoms are para to 
the central carbon atom, the distance between the nitrogen centres 
is still farther increased, and the diagram for ordinary cyanine 
(which is blue, with X 590, when examined in water) is obtained. 

In the opinion of the author the subsidiary band of the cyanines 
is to be accounted for by a small alteration in one of the angles of 
the (otherwise rigid) configuration shown, say from 125° to 109°. 

The azocyanine family appears to be abnormal in one respect, 
inasmuch as the unmethylated member does not become activated 
with acid. In consequence the effect of the methyl groups is large 
(factor T06 instead of 1*005; see p. 2339). 

The carboeyanines probably have the zigzag arrangement 

N /C V 0H w 0 ' in which all the angles are 125 J°, except one, 

which is smaller. On account of the great “ loading ” the distance 
between the nitrogen centres need not be greater than 6 or 6| 
tenth-metres to agree with the high colour of these substances. 
The other factors have the same effect in this series as in the cyanine 
series (kryptocyanine X711, 2 :4'-carboeyanine X 657, pinacyanole 
X 607). 

The author's restrictive definition of the term “ auxochrome ?J 
must be expanded to meet these cases, for it is obvious that nitrogen 
in a ring is the auxochrome of the cyanine family quite indepen¬ 
dently of its being alkylated or not: similarly, oxygen in a ring is 
the auxochrome of the natural phenylbenzopyranole colours and 
also of fluorescein in its acid phase. The terms auxochrome and 
hapton really connoted an intermediate stage in the rejection of 
the German theory of colour, and are now themselves generalised 
and replaced by the conception of two positive centres; a concep¬ 
tion which, combined with that of comparative molecular rigidity, 
is probably capable of explaining all colour phenomena (Part III, 
loc . cit.). 

Experimental. 

The syntheses were all performed by adding phosphorus penta- 
chloride to a warm mixture of quinaldine (or methylquinaldinium 
iodide, or picoline, or methylpicolmiu m . iodide, according to the 
substance required) and 2-pyridone (or carbostyxil). The latter 
two substances were made from pyridine or quinoline by means of 
hypochlorous acid (Einhorn and Lauch, Annalen, 1888, 243, 343). 
The yield is poor; but the materials are cheap. 

Di-2-pyridylmethane, from picoline and 2-pyridone, is deep 
yellow in water containing a little alcohol and acetic acid : XX about 
422 and 399. In the unactivated condition it is pale, and the 
upper band is absent. 
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1 -Methyldi-2-pyridylmethane, from methylpicolinium iodide and 
2-pyridone, appears to be yellow (activated) under all conditions : 
XX about 425 and 400. 

2-Pyridyl-2-quinolylmethane, from quinaldine and pyridone or 
from picoline and carbostyril, is orange when activated and yellow 
when neutral. The bands are vague, but are roughly at XX 460 and 
434. There are two possible N --methyl derivatives of this sub¬ 
stance, viz., quinolyl-methylpyridyl-methane, C 9 H e N‘CH!C 5 H 4 NMe 
or 0 9 H 7 N:C:C 5 H 4 NMe, and pyridyl - methylquinolyl - methane, 
C 5 H 4 N*CH:C 9 H 6 NMe or C 5 H 5 N:C:C 9 H 6 ffle. Both are orange- 
brown in dilute acetic acid, but the preparations were unsatis¬ 
factory ; both have much the same absorption, in which the upper 
band is abnormally faint: observed XX 488 and 460. 

Di-2-quinolylmethane, from quinaldine and carbostyril, is, as 
Scheibe states, pale in colour, but can be activated by dilute acetic 
acid so as to exhibit the high colour of dimethyl-i^-^ocyanine salts. 
The lower band is at about X 490 (see p. 2339 for the comparison 
with the cyanine). 

The 1-methyl derivative of the foregoing has a colour and a 
spectrum almost identical with those of dimethyl-^-^ocyanine 
iodide : observed XX 519 and 490. 

Small quantities of the unknown primitive cyanines have been 
prepared. 1: l'-Dimethyldi-2-pyridyhnethane hydroxide anhydride 
(I) (which the author suggests should be named dimethylproto- 
cyanine) is yellow in solution with XX 428 and 405. It is the 

/\ /\ /\ /\/\ 

(I.) M-CH.{ I J (II.) 

NMeX NMe NMeX Me 

pyridine analogue of dimethyl- \fj - isocyanine. The intermediate 
substance (II) is orange in solution and has apparently three bands, 
at XX 495, 465, and 430, the lowest being the strongest. The author 
suggests the name dimethylmesocyanine for this substance. 

Observations in water of Miss Hamer’s nitrogen-analogues of the 
2 :2'-cyanines (J., 1924, 125, 1348) gave the following results: 

Dimethylazocyanine : XX 421 and 396 (this is 4 units lower than 
, the discoverer’s observation in alcohol). 

Methyldiquinolylamine (termed by Miss Hamer methyldihydro- 
quinolenylquinolylimine): XX 420 and 394. 

Di-2-quinolylamine in acetic acid: XX 371 and 350. 

2-Aminoquinoline in acetic acid : X 340 broad (similar to carbo¬ 
styril : X 327), 

Both diquinolylamme and dimethylazocyamne have the same 
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absorption in concentrated sulphuric acid solution, viz., narrow 
bands at IX 375 and 358. 


Summary. 

1. The positions of the bands of the cyanines are calculated by 
multiplying those of the esocyanines by 1*065. 

2. Those of the isocyanines are obtained from those of the if;-iso- 
cyanines by means of the same factor. 

3. Those of the ip-isocysmines are practically the same as those of 
di-2-quinolylmethane activated by very weak acid. 

4. Those of diquinolylmethane are derived from those of dipyridyl- 
methane by multiplying by the square of the factor 1*105. 

5. The bands of activated dipyridylmethane are explained on 
the author’s spatial theory of colour. 

6. The factor 1*065 (for calculating the positions of the bands of 
4 : 4'-compounds from those of 2 : 4'-compounds or 2 : 4 , -compounds 
from those of 2 : 2'-compoimds) holds good also in the carbocyanine 
series. 

Government Laboratory, Johannesburg. [Received, May lLft, 1925.] 


CCCXIX .—The Influence of Nitro-groups on the Re¬ 
activity of Substituents in the Benzene Nucleus . Part 
VIII , 2: 3- and 2 : 5-Dinitro-p-chlorotoluenes . 

By James Kenner, Charles William Ton, and Ernest Witham. 

It is well recognised that, in spite of much careful work, pre¬ 
eminently by Holleman, our present knowledge of the processes of 
substitution of the benzene nucleus does not permit complete 
confidence in forecasting the behaviour of more complicated 
derivatives towards substituting agents. The discussions in 
previous papers of this series indicate that this difficulty is perhaps 
less marked in the case of the mobility of substituents in aromatic 
nitro-derivatives; some instances of exceptional behaviour, how¬ 
ever, are on record (compare, e. g ., Robinson and Robinson, J., 1917, 
111,944). 

The difference between the two cases possibly lies in the fact that 
in ordinary substitution we do not yet know how to determine from 
which point, if any, in the nucleus to calculate the directive effect, 
whereas it seems clear that the mobility referred to is primarily 
determined by nitro-groups and that ortho-para-directive sub¬ 
stituents produce subsidiary effects only. In certain cases, how¬ 
ever, these are decisive, and it is therefore of importance to compare 
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the effects produced by different substituents. For example, 
Morgan and his collaborators (J., 1920, 117, 784; 1921, 119, 1537) 
showed that 2-chloro-4:5-dinitrotoluene, on treatment with 
alcoholic ammonia, is converted into a mixture of the two possible 
chloronitrotoluidines, in which the ^-derivative predominates : 


Me 



NH 2 


Me 



N0 2 


Me 

NH 2 

no 2 



We have now supplemented this result by experiments on 4-chloro- 
2: 3-drnitrotoluene (I) and the corresponding 2 : 5-derivative (III). 

4z-ClilorQ“2 : 3 -dinitrotoluene, prepared from 2 : 3-dinitro-p-tolu- 
idine (Scott and Robinson, J., 1922, 121, 844), was converted by 
methyl-alcoholic ammonia at 150° into 4,-cMoro-2-7iitro-m4oluidine 
(II), which was isolated to the extent of 70% of that theoretically 
possible: 


Me 



Me 

/Nno, 

Unh 2 

Cl (II.) 



As indicated, the constitution of the product was established by 
its conversion into the known 4-chloro-2-nitrotoluene. No 4-chloro- 
3-nitro-o-toluidine was isolated in these experiments. 

4z-CJiloro-2 : 5-dinitrotoluene was similarly converted into a 
mixture of products, from which, by a somewhat lengthy process of 
separation, 4t-chloro-G-nitro-m4olyl methyl ether (IV), accompanied 
by a small quantity of the m-cresol itself, and 4:-chloro-Q-nitro-m- 
tohddine (V) were obtained, the yields being respectively 20 and 30% 
of the theoretical. 


Me Me 



By elimination of the amino-group, the base (V) furnished 4-chloro- 
2-nitrotohiene, whilst in order to establish the constitution of the 
inethyl ether (IV), the ..base' was converted into a 4: 5»dictiloro~ 
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2 -nitrotoluene (VI), from which, a product identical with the ether 
was easily prepared by treatment with sodium methoxide. No 
other definite products could be isolated from the above mixture, 
and it appeared that the tarry residues consisted of azo- or azoxy- 
derivatives. 

In each of the three chlorodinitrotoluenes, therefore, the group 
that is displaced is the one in the meta-position to the methyl group 
rather than that in the meta-position to the chlorine atom, and it 
cannot be doubted that some fundamental difference between these 
substituents is here involved. If we accept the evidence, derived 
from the behaviour of 3 : 4-dinitrotoluene (Kenner and Parkin, J., 
1920, 117, 852) and 3 : 4-dinitrochlorobenzene (Laubenheimer, Ber., 
1876, 9, 1826; 1878, 11, 1156), respectively, that each of them 
favours the mobility of nitro-groups in the meta-position, the 
influence of the methyl group is seen to be stronger than that of the 
chlorine atom, a result in direct contrast with that arrived at by 
Holleman from the study of direct substitution. 

It would be premature to deduce any general conclusion from this 
single instance, but it is not at once obvious how such a contra¬ 
diction is reconcilable with the theory of alternate strong and weak 
bonds. According to the principle of induced alternate polarities, 
on the other hand, direct substitution consists in the replacement of 
a positive hydrogen atom, whilst mobile substituents are negative, 
so that a difference of the kind now revealed is conceivable. As 
against this, it has recently been suggested that the behaviour of 
nitrosobenzene on substitution “ distinctly favours ” the alternate 
strong and weak bond theory (Ingold, this vol., p. 515). In reality, 
however, there is here a confusion of issues. For, although it is 
claimed that the principle of alternate polarities operates in the 
benzene nucleus and determines the point of substitution, it has 
also been pointed out (Robinson, Ann. Reports, 1922, 19, 102; 
compare also Allsop and Kenner, J., 1923,123, 2296) that erroneous 
conclusions may arise from writing positive and negative signs in 
any group whatsoever. In such circumstances, the only proper 
procedure in investigating the validity of the polarity principle 
consists in determining, from its directive effect, which sign must, 
according to the principle, be assigned to a given group, and then 
ascertaining whether this conclusion accords with the general 
behaviour of the group in other directions. Thus Ingold’s result 
would indicate that the nitroso-group is negative and hence should 
be comparable with chlorine and hydroxyl, so that the typical 
behaviour of these, when “ positive 5 * properties are imposed on 
them, as in hypochlorous acid and hydrogen peroxide, should be 
reproduced by nitrous acid. This is well known to be the case in 

41 * 
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the reaction with hydrogen iodide, so that Ingold’s result cannot be 
accepted as evidence against the polarity principle. It remains, 
of course, to be explained why the nitroso-group as a whole reacts 
as though endowed with negative properties, and it seems 
questionable whether valid evidence on this point can be deduced 
from reactions, e.g.> those with the Grignard reagent and with ethyl 
malonate, in which the group is broken up. 

In order to place the above results on a still surer foundation, 
the bases already mentioned, together with those alternatively 
possible, namely ^-chloro-Z-nitro-o-toluidine (VII) and 4c-chloro- 
5-nitro-o-toluidine (VHI), were synthesised by the aid of reactions 
briefly represented in the following scheme : 


Me 

/NnHAc 

\/ 

Cl 




Me 

A N0 * 

! X/ iNH a 
Cl 

Me 

ATTT A|N° 2 


V 


Me 

/\NHAc 
l jNO, 

Cl 


Me 

L> , /X ,NHAc 

no 9 1 j 


ci 


NO, 


Me 
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Cl 

Me 

\^NHAc 

Cl 


Me 
X ,NH. 

'no. 
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2 (VII.) 


Cl 


NO, 


Me 

A NH 2 

'K/ 

Cl 


(vrn.) 


Me 

/\ 


iNHAc 


Cl 


Expebimental. 


Nitration of 4z-Chloroaceto-o-tohiidide> —A mixture of the finely- 
powdered compound (20 g.) with glacial acetic acid (30 c.c.) and 
sulphuric acid (40 c.c.) was thoroughly stirred and. maintained at 
10—15° during the addition of fuming nitric acid (d 1-5; 6 c.c.). 
After diluting the resulting stiff paste with ice-water, the solid 
material was collected, dried, and hydrolysed by boiling with 50% 
sulphuric acid (400 c.c.). Prom the mixture of weak bases precipi¬ 
tated by dilution with water, 4- chloro-S-nitro-o-toluidine , m. p. 
163—164° (Found: IT, 15*4. C^yO^Cl requires N, 15*0%), was 
isolated by crystallisation from benzene. Its acetyl derivative, 
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prepared by using a mixture of acetic anhydride and acetyl chloride, 
separated from benzene in prisms, m. p. 181—182° (Found : N, 12-3. 
C 9 H 9 0 3 N 2 C1 requires N, 12*3%). 5-Chloro-2-methyl~]i-phenylene- 
diamine , obtained from the nitro-base by reduction in glacial acetic 
acid solution with stannous chloride and hydrochloric acid, crystal¬ 
lised from benzene-light petroleum in white leaflets, m. p. 145—146° 
(Found : N, 17-9. C 7 H 9 N 2 C1 requires N, 18-1%). The compound, 
m. p. 146°, of unknown orientation prepared by Vorlander (Ber., 
1901, 34, 1652) from N -nitroso-o-tolylglycine was doubtless the 
same. The base responded to Lauth’s test, and its acetyl deriv¬ 
ative melted at 301°. The hydrochloride was prepared by Vehr- 
mann (Ber., 1915, 48, 2028) from 4-chloro-2 : 5-dinitrotoluene. 

4- Chloro-Z-nitro-o-toluidine , light brown needles, m. p. 60—62*5°, 
was contained in the mother-liquors from the crystallisation of the 
5-nitro-isomeride, and isolated by distillation in steam and repeated 
crystallisation from benzene-light petroleum (Found: N, 15-2. 
C 7 H 7 02N 2 C1 requires N, 15-0%). The acetyl derivative, m. p. 
194—195°, prepared by means of acetic anhydride in presence of 
sulphuric acid, separated from benzene in small prisms (Found: 
N, 12*5. C 9 H 9 0 3 N 2 C1 requires N, 12*3%). 

Nitration of 4- Chloroaceto-m-ioluidide .—This compound, pre¬ 
viously described by Goldschmidt and Honig (Ber., 1886, 19, 
2411) as melting at 97°, was obtained in white needles, m. p. 102°. 
The nitration of the material, and hydrolysis of the product were 
performed as described in the case of the o-isomeride. Finally, 
steam was passed directly into the acid hydrolysis mixture until the 
melting point of the solid distillate was above 50°. 

4~Chloro-6-nitro-m-toluidine was obtained after diluting the liquor 
in the distillation flask with hot water and filtering from tarry 
matter; it crystallised from dilute alcohol in yellow needles (15 g.), 
m. p. 120—121° (Found : N, 15*2. C 7 H 7 0 2 N 2 C1 requires N, 15*0%). 
It was converted by reduction into 5 - c hlor o - 2 - me t hy 1-p - phony lene - 
diamine, and its acetyl derivative, prepared by means of acetic 
anhydride and sulphuric acid, separated from dilute alcohol in 
white leaflets, m. p. 134—135° (Found: N, 12*3. C 9 H 9 0 3 N 2 C1 
requires N, 12*3%). 

4-Chloro-2-nitro-m-tohddine was the chief constituent of the 
above solid steam-distillate. It was redistilled from 50% sulphuric 
acid solution with steam and then crystallised from dilute alcohol, 
lemon-yellow needles (4 g.), m. p. 52—53°, being thus obtained 
(Found: N, 15*1. C^O^Cl requires 1ST, 15*0%). The orientation 
of the base follows from its identity with the base obtained from 
4-chloro-2 : 3-dinitrotoluene (v. infra). Its acetyl derivative, m. p. 
210—212°, prepared by means of acetic anhydride, separated |^om 
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absolute alcohol in small prisms (Found : N, 12*7. C 9 H 9 0 3 ]Sr 2 Cl 
requires N, 12*3%). 

W 4:-Chloro-6-nitro-m-tolyl Methyl Ether .—4-Chloro-6-nitro-?n-tolu- 
idine (5 g.) was diazotised by Gattermann’s method (Annalen, 1912, 
393, 200) by solution in nitrosylsulphuric acid (33 g. equiv. to 

1- 8 g. of sodium nitrite). The solid produced on adding the cooled 
solution to a solution of cuprous chloride (2 g.) in hydrochloric acid 
(18 g.) at 0° was collected and distilled in steam. 4; 5-Dichloro- 

2- nitrotoluene (3 g.), thus obtained, separated from methyl alcohol 
in yellow needles, m. p. 63° (compare Cohen and Dakin, J,, 1902, 81, 
1349). When the dichloro-compound (3 g.) was heated at 100° with 
a solution of sodium (0*3 g.) in methyl alcohol (12 c.c.) for 7 hours, 
the solution became neutral and contained A-chloro-Q-nitro-m-tolyl 
methyl ether (2*33 g.), which separated from methyl alcohol in light 
straw-coloured needles, m. p. 121—122° (Found; 1ST, 7*1. 
C 8 H 8 0 3 NC1 requires N, 6*9%). 

4:-CMoro-2: 3-dinitrotoluene. —This compound, prepared from 
2 ; 3-dinitro-p-toluidine (Scott and Bob ins on, loc. cit. ; Page .and 
Heasman, J., 1923, 123, 3235) by the process described in the case 
of 4:5-dichloxo-2-nitrotoluene, crystallised from benzene-light 
petroleum in long, lemon-yellow prisms, m. p. 106*5° (Found: 
N, 13*1. C 7 H 5 0 4 N 2 C1 requires N, 12*9%). 

Action of Methyl-alcoholic Ammonia on 4t-Chloro-2 : 3 -dinitro- 
toluene .—The chloro-compound (4*32 g.) was heated with methyl 
alcohol (54 c.c.) and ammonia (d 0*880; 10 c.c.) for 8 hours at 140— 
150°. After removing alcohol from the product and distilling the 
residue in steam, a solid material (3*8 g.) was obtained in a practically 
pure condition. It separated from dilute alcohol in light yellow 
needles, m. p. 52—53°, and was identified as 4-chloro-2-nitro- 
m-toluidine (a) by comparison with an authentic specimen and 
(6) by degradation to 4-chloro-2-nitrotoluene by adding a diazotised 
solution of the base (1 g.) in nitrosylsulphuric acid (6*6 g.) to boiling 
absolute alcohol (200 c.c.) and distilling the product in steam after 
removal of the alcohol. 

Action of Methyl-alcoholic Ammonia on i-Chloro-2 : 5-dinitro- 
toluene. —The chloro-compound, prepared by Kehrmann’s method 
{Anrtcden, 1898, 303, 1; Ber., 1915, 48, 2028), was heated with the 
jsame proportions of methyl alcohol and ammonia as the 2:3- 
Isomeride, but for 16 hours at 160°. The product left after removing 
the alcohol was extracted with six successive quantities of boiling 
^noentrated hydrochloric acid (50 c.c.). The residue (0*86 g., m* p. 
100—104°), after treatment with benzene to remove tarry material, 
4-chloro-6-nitro-m-tolyl methyl ether (0*63 g.), 
■Which did not depress the melting point of an authentic specimen. 
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A further quantity (0*95 g.) of the same compound was isolated 
in a similar manner from the material (1*75 g.) deposited by the 
acid extracts on cooling. In addition, these yielded a product 
(0*1 g., m. p. 130—135°), which was soluble in alkali and converted 
by treatment with methyl sulphate into the same ether. Evidently 
the product was 4-chloro-6-nitro-m-cresol. On diluting the cold 
acid extract with water, a precipitate (3*34 g.) was obtained, from 
which 4-chloro-6-nitro-9?i-toluidine (1*92 g., m. p. 120—121°) was 
isolated by extraction with benzene and crystallisation from 
alcohol. The base was identified by comparison with an authentic 
specimen, and by conversion into 4-chloro-2-nitrotoluene, A 
further quantity (0*3 g.) of the same amine was isolated from the 
crude base (0*49 g.) precipitated when the residual diluted acid 
liquor was rendered alkaline with ammonia. No pure material 
was furnished by the sticky substance (0*3 g.) obtained by extracting 
the alkaline filtrate with ether. In all the above cases, the end 
fractions were treated with acetic anhydride and acetyl chloride, 
but no definite acetyl derivatives were obtained, and it was assumed 
that the materials were azo- or azoxy-derivatives. 

Action of Sodium Methoxide on ^-GMoro-2 : o-dinitrotoluene .— 
When this compound (5 g<) had been heated for 2 hours at 100° with 
a solution of sodium (0*5 g.) in methyl alcohol (20 c.c.), the liquid 
was neutral and yielded 4-chloro - 6 -nitro-m -tolyl methyl ether 
(5*7 g.). 

One of us (C. W. T.) expresses grateful acknowledgment of a grant 
from the Department of Scientific and Industrial Research which 
enabled him to participate in this work. Further, we wish to 
thank the Research Fund Committee of the Chemical Society for a 
grant towards the expenses of this investigation. 

The Uhiveesity, Sheffield. [Received, August IQth, 1925.] 


CCCXX .—The Formation of Chromones.—A Criticism . 

By Wilson Baker. 

In a recent paper by Baker and Robinson (this voi., p. 1981) the 
view was put forward that the products described in a series of 
four papers on the synthesis of y-benzopyrones or chromones 
(Jacobson and Ghosh, Parts I, II, and III, J., 1915, 107, 424* 
959, 1051; Ghosh, J., 1916, 109, 106) are, in reality, the isomer^ 
a-pyrones or coumarins, the substituent in position 2 of 
chromones occupying position 4 in the coumarins. Since 
criticism concerned twenty-four fundamental compounds and isi^Ut 
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sixty derivatives thereof, it was considered desirable to investigate 
the subject further. A more detailed study has confirmed the 
view that all the products described in those papers are coumarins. 
no fewer than thirteen of the true chromones having now been 
prepared. 

In the experiments described in the first three papers, substituted 
acetoacetic esters, CH 3 *CO-CHR*C0 2 Et (where R = benzyl, phenyl, 
or benzoyl), ethyl a-benzoyl-(3-phenylpropionate, and ethyl a-phenyl- 
formylacetate were condensed with phenols usually in presence of 
concentrated sulphuric acid, but acetic acid and zinc chloride, or 
acetic acid and hydrogen chloride, were also used. In the cases of 
benzoylacetoacetic ester and ethyl acetylmalonate coumarins were 
admittedly produced. It is now clear that under such conditions 
coumarins are always formed, though it must be noted that with 
other condensing agents chromones may be produced. For ex¬ 
ample, Simonis and his collaborators have prepared chromone 
derivatives by condensing acetoacetic ester, and its methyl and 
ethyl derivatives, with phenols in presence of phosphoric anhydride 
(Petschek and Simonis, Ber., 1913, 46, 2015; Simonis and Leh¬ 
mann, Ber 1914/47, 697; Simonis and Remmert, ibid., p. 2229; 
see also Heilbron, Barnes, and Morton, J., 1923, 123, 2569), the 
reaction being apparently of a general character. 

In the fourth paper, nitriles of the type R-CHPh-CN (where 
R = acetyl, formyl, or benzoyl) and benzoylacetonitrile were con¬ 
densed with phenols usually in presence of sulphuric acid, but 
other condensing agents employed were acetic acid and hydrogen 
chloride, and phosphoryl chloride. The substances prepared from 
the nitriles corresponding to the carboxylic esters employed in the 
preceding papers were identical with the products prepared from 
those esters. Examination of the literature showed that it was 
exceedingly improbable that these condensations would produce 
chromones. For example, Meyer (J. pr. Chem ., 1903, 67, 342) 
condensed benzoacetodinitrile, KH.‘CPh*CH 2 *CN, with resorcinol 
in presence of concentrated sulphuric acid and obtained a product 
which was considered to be 7-hydroxyflavone, but which has subse¬ 
quently been proved by Sonn (Ber., 1918, 51, 821) to be the isomeric 
7-hydroxy-4-phenylcoumarin. Again, Bargellini and Forti-Forli 
(QazzeMa, 1911, 41, i, 747) showed that by condensing jp-methoxy- 
benzoylacetonitrile and resorcinol by means of sulphuric acid, 
7-hydroxy-4-p-methoxyphenylcoumarin is produced, and from the 
same nitrile Sonn (loc. ciL) has prepared 5 : 7-dihydroxy-4-p~meth- 
oxyphenylcoumarin (see also Sonn, ibid., p. 1829). The present 
Work has now fully established the fact that all such condensations 
of nitriles with phenols produce coumarins. 
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The constitutions of Ghosh’s products were taken to be estab¬ 
lished by the fact that on hydrolysis with 33% or 50% aqueous 
potassium hydroxide they gave a neutral ketone, an o-hydroxy- 
acid, and in four cases (wherever it was sought) resorcinol; but in 
all, only five resorcinol derivatives were submitted to hydrolysis and 
these have all been definitely shown to be eoumarins. The only 
other compounds submitted to hydrolysis were two derived from 
a-naphthol and one from ra-cresol. The scheme given was as 
shown below, the supposed chromone (I) (really the isomeric 
coumarin II) undergoing hydrolysis along the dotted line a, giving 
the ketone (III), p-resorcylic acid, and resorcinol; whilst it was 
stated (Part I, loo . cit., p. 427) that the complete hydrolysis of the 
coumarin (II) would produce the hydroxy-ketone (IV) and the acid 
R , *CH 2 *C0 2 H. But there seems very little experimental evidence 
to support such a method of fission, and it is shown below that 
the hydrolysis of eoumarins, if it proceeds further than the mere 
opening of the pyrone ring, almost invariably takes quite another 
course. It is significant that in no case was a hydroxy-ketone of 
the type V produced, which is usually found as one of the products 
of alkaline decomposition of true chromones, owing to hydrolysis 
along the dotted line b. 



C 6 H 3 (0H) 2 -CO 2 H. 


HO, /X )OH 

Jcoch 2 k/ 

' (V.) 


It follows that the production of the same neutral ketone is 
possible both from the chromone (I) and from the isomeric coumarin 
(II), owing, in the latter case, to hydrolysis along the line c. This 
is borne out by the fact that Jacobson and Ghosh’s so-called 
7-hydroxy-3-benzyl-2-methylbenzo-y-pyrone (Part I, toe. cit.) (really 
7-hydroxy-3-benzyl-4-methylbenzo-a-pyrone) gave on hydrolysis 
benzylacetone and (3-resorcylic acid, whilst the true chromone (Crab¬ 
tree and Robinson, J., 1918, 113, 859) gave benzylacetone and 
benzylresacetophenone, It is seen, moreover, that the hydrolysis 
of (IV) along the line c accounts for the production of resorcinol, 
the formation of which is unsatisfactorily explained by Jacobson 
and Ghosh (J., 1915, 107, 960) by assuming the decomposiladh of 
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P-resorcylio acid in presence of alkali. The method of production 
of p-resorcylie acid is not so obvious. 

This course of hydrolysis of a coumarin appeared so novel 
that it was considered desirable to establish it beyond doubt. For 
this purpose the preparation and hydrolysis of Ghosh’s so-called 
7-hydroxy-3-phenyl-2 -methylbenzo-y-pvrone (which has since been 
proved to be 7-hydroxy-3-phenyl-4-methylbenzo-a-pyrone, Baker 
and Robinson, loo . ciL) were repeated, and the formation of benzyl 
methyl ketone (characterised by means of its semicarbazone and 
phenylhydrazone), resorcinol, and p-resorcylic acid was confirmed. 
From 3 g. of this coumarin were obtained about 0-5 g. of benzyl 
methyl ketone, a slightly smaller quantity of resorcinol, and only 
a very small amount of p-resoreylic acid, whilst some of the material 
was unhydrolysed. This confirms the view given above that the 
principal reaction is the production of benzyl methyl ketone and 
resorcinol, the p-resorcylic acid being only a by-product, and differs 
from Ghosh’s view, that the chief reaction is the production of benzyl 
methyl ketone and p-resorcylic acid, the resorcinol being the 
by-product. 

The important conclusion follows from these observations that 
the only safe criterion of the production of a chromone (I) and not 
the coumarin (II), is the formation on hydrolysis of a hydroxy- 
ketone (V), and shows the necessity for extreme caution in deciding 
the constitution of such substances by hydrolysis. The matter, 
however, is further complicated in cases where R = methyl (thus 
including the present), since not only can (I) and (II) give the 
ketone (III), but also the isomeric coumarin (VT) and the chromone 

O 0 

HO/V^CO 

(Vi.) \/\^GS \/\/ GR 

(J C 

6h,r' o 

(VII). As proof of this, the compounds (I) and (VT), having R' = 
phenyl (Baker and Robinson, loc . cit.), were submitted to hydrolysis 
under the conditions employed by Ghosh in the case of (II), the 
main results of which were verified as described above. Compound I 
underwent complete hydrolysis and gave a small amount of benzyl 
methyl ketone and about a 70% yield of 2 :4-dihydroxyphenyl 
benzyl ketone; whilst compound VI, though incompletely hydro¬ 
lysed, gave a relatively large yield of benzyl methyl ketone and 
resorcinol. The benzyl methyl ketone was in all cases characterised 
by means of its semicarbazone and phenylhydrazone, and the 
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melting points of mixtures of any of the specimens showed no 
depression. Compound VII (Hannach and Kostanecki, Ber., 1902, 
35, 866) has not actually been hydrolysed under these conditions, 
but there is no doubt that it also would give benzyl methyl ketone 
as one of its fission products. 

In the following paragraphs are given the correct properties of 
the compounds named and those of their derivatives, the first 
substance of each pair having previously been wrongly described 
by Jacobson and Ghosh and by Ghosh as the second. A com¬ 
parison of the fluorescences of the two classes of compounds is not 
made, since both chromones and coumarins frequently show almost 
identical fluorescences under similar conditions. 

The chromones described in this paper were prepared by the 
well-known reaction from ketones of the type V (where R' = phenyl 
or benzyl) by acylation with a mixture of the anhydride and sodium 
salt of acetic or benzoic acid. Three of the necessary ketones 
(two previously unknown) were prepared by an application of the 
Hoesch synthesis. 

Part I (loc. cit .) : 7-Hydroxy-3-benzyl-4-methylbenzo-a-pyrone, 
in. p. 186°; acetyl derivative, m. p. 168°; methyl ether, m. p. 119°. 
7-Hydroxy-3-benzyl-2-methylbenzo-y-pyrone, m. p. 282°; acetyl 
derivative, m. p. 121°; methyl ether, m. p. 109° (Crabtree and 
Robinson, J., 1918, 113, 867). 

3-Benzyl-4 :7-dimethylbenzo-a-pyrone, m. p. 117°. This pre¬ 
paration was originally carried out by Fries and IQostermami 
(Annalen, 1908, 362, 27), and the correct constitution assigned to 
the compound. 

7 : 8-Dihydroxy-3-benzyl-4-methylbenzo-a-pyrone, m. p. 185°; 
diacetyl derivative, m. p. 172°. 7 : 8-Dihydroxy-3-benzyl-2-methyl- 
benzo-y-pyrone, m. p. 203—205°; diacetyl derivative, m. p. 126° 
(this paper). 

7-Hydroxy-3-benzyl-4 : 5-dimethylbenzo-a-pyrone, m. p. 177— 
178°; acetyl derivative, m. p. 169°. 7-Hydroxy~3-benzyl-2 : o-di- 
methylbenzo-v-pyrone, m. p. 294—295°; acetyl derivative, m. p. 
138—139° (this paper). 

5 : 7-Dihydroxy-3-benzyl-4-methylbenzo-a-pyrone, m. p. 218— 
219°; diacetyl derivative, m. p. 154°. 5:7-Dihydroxy-3-benzyl- 
2-methylbenzo-y-pyrone, m. p. 200—201°; diacetyl derivative, 
m. p. 112° (this paper). 

Part II (toe, cit.) : 7-Hydroxy-3-benzyl-4-phenylbenzo-a-pyrone, 
m. p. 186°; acetyl derivative, m. p. 134°. 7-Hydroxy-3-benzyl- 
2-phenylbenzo-y-pyrone, m. p. 272—274°; acetyl derivative* 
m. p. 150° (this paper). “ 

7 :8-Dihydroxy-3-benzyl-4-phenylbenzo-a-pyxone, m. p< 
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137°; diacetyl derivative, m. p. 175°. 7 : 8-Dihydroxy-3-benzyl- 
2-phenylbenzo-y-pyrone, m. p. 275—276°; diacetyl derivative, 
m. p. 175—176° (this paper). 

5 : 7-Dihydroxy-3-benzyl-4-phenylbenzo-a-pyrone, m. p. 119°; 
diacetyl derivative, m. p. 56°. 5 : 7-Dihydroxy-3-benzyl-2-phenyl- • 
benzo-y-pyrone, m. p. 202—203°; diacetyl derivative, m. p. 126° 
(this paper). 

Part III (loc. cit.) : 7-Hydroxy-3-phenyl-4-methylbenzo-a-pyrone, 
m. p. 226°; acetyl derivative, m. p. 185°; methyl ether, m. p. 87°. 
7-Hydroxy-3-phenyl-2-methylbenzo-y-pyrone, m. p. 240°; acetyl 
derivative, m. p. 162°; methyl ether, m. p. 135*5° (Baker and 
Robinson, loc. cit.), 

7 : 8-Dihydroxy-3~phenyl-4-methylbenzo-a-pyrone, m. p. 268°; 
diacetyl derivative, m. p. 211°. 7 : 8-Dihydroxy-3-phenyl-2-methyl- 

benzo-y-pyrone, m. p. 219—220°; diacetyl derivative, m. p. 115° 
(this paper). 

5 :7-Dihydroxy-3-phenyl-4-methylbenzo-a-pyrone, m. p. 178°; 
diacetyl derivative, m. p. 146°. 5 : 7-Dihydroxy-3-phenyl-2-methyl- 
benzo-y-pyrone, m. p. 228°; diacetyl derivative, m. p. 169° (Baker 
and Robinson, loc. cit.). 

Ghosh (loc. cit.) : 7-Hydroxy-3-phenyl-4-methylbenzo-a-pyrone, 
identical with the product prepared in Part III. 

7 : 8-Dihydroxy-3-phenyl-4-methylbenzo-a-pyrone, identical with 
the product prepared in Part III. 

7-Hydxoxy-3:4-diphenylbenzo-oc-pyxone, m. p. 288°; acetyl 
derivative, m. p. 222°, and which on hydrolysis with 33% aqueous 


potassium hydroxide for 4 hours gave deoxybenzoin, resorcinol, 
and p-resorcylic acid. 7-Hydroxy-2:3-diphenylbenzo-y-pyrone, 
m. p. 270—271°; acetyl derivative, m. p. 208—209° (Baker and 
Robinson, loc. cit .), and has now been found to give on hydrolysis 


under the above conditions a 93% yield of 2:4-dihydroxyphenyl 
llenzyl ketone and benzoic acid. 

y*;7 * 8-Dihydroxy-3 : 4-diphenylbenzo-a-pyrone, m. p. 185°. 7 : 8- 
Mb^tooxy-2 : 3-diphenylbenzo-y-pyrone, m. p. 297° (this paper). 
||0pSyda^iy-4*-phenylbenzo-a-pyrone, m. p. 243°. Ghosh’s pre- 
has been repeated and a substance, m. p. 244°, obtained 
■ 3aot' irx needles as stated, but in regular, four- 
laying all the properties ascribed by Pechmann and 
$883, 16, 2126) 1 and Pechmann and Hancke (Ber., 
lW|f^%^^| %t|M^drGxy-4-phenylbenzo-a-pyrone. Further, the 

with an authentic specimen of 7 -hydroxy- 
240°, kindly supplied :by Mr. J. 




1924, 125,2192), showed a depression 
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Experimental. 

Benzylresacetophenone. —A solution of p-phenylpropionitrile (10 g.) 
(Baker and Lapworth, J., 1924, 125, 1334) and resorcinol (10 g.) 
in dry ether (75 c.c.) was saturated with dry hydrogen chloride at 0°. 
After 48 hours, water was added, the ether distilled off, and the 
ketimine hydrolysed by heating on the steam-bath for J hour. 
The oily product was extracted with chloroform, the solution shaken 
with aqueous sodium hydroxide, and the ketone liberated by acid. 
By recrystallisation from dilute acetic acid it was obtained in 
colourless needles, m. p. 88° (see Bargellini and Marantonio, Gazzetta, 
1908, 38, ii, 514). 

l-Hydroxy-S-benzyl-2-phenylbenzo-y-pyrone. —Benzylresacetophen¬ 
one (5 g.), benzoic anhydride (20 g.), and anhydrous sodium benzoate 
(5 g.) were heated together at 170—180° for 6 hours. The product 
was hydrolysed by heating on the water-bath with alcohol (50 c.c.) 
and 50% aqueous potassium hydroxide (12 g. KOH) for 10 minutes, 
and the pyrone precipitated from the diluted solution by carbon 
dioxide. By recrystallisation from ethyl alcohol, in which it was 
sparingly soluble, it was obtained in small, colourless needles, 
m. p. 272—274° (Found : 0, 80*3; H, 4*9. C 22 H 16 0 3 requires C, 
80*5; H, 4*9%). Its colourless solution in aqueous sodium hydr¬ 
oxide shows a slight bluish-green fluorescence. The benzoyl deriv¬ 
ative separates from alcohol in colourless, silky needles, m. p. 167°. 
The acetyl derivative, prepared by boiling with acetic anhydride 
for 6 hours and subsequently shaking with water, crystallises from 
alcohol in colourless prisms, m. p. 150° (Found: C, 77*8; H, 5*1. 

requires C, 77*8; H, 4-9%). The colourless solutions of 
these compounds in concentrated sulphuric acid show a weak blue 
fluorescence. 

Benzylphloracetophenone .—A solution of ^-phenylpropionitrile 
(15 g.) and anhydrous phloroglucinol (14*5 g.) in ether (100 c.c.) 
was saturated with hydrogen chloride at 0°. Hydrolysis of the 
ketimine was effected by heating with water on the steam-bath 
for | hour, the oily product dissolved by the addition of sodium 
hydroxide, the solution extracted with ether to remove non- 
phenolic substances, and the ketone liberated by a current of 
carbon dioxide and taken up with ether. Evaporation of the 
solvent left a pale yellow oil which solidified on stirring. It crystal¬ 
lised from hot water in colourless needles containing 1H 2 0 (Found : 
H 2 0, 6*5. C 15 H 14 Q 4 ,H 2 0 requires H 2 0, 6*5%), or in the anhydrous 
condition from chloroform in small prisms, m. p. 139—140° (Found:: 
C, 69*7; H, 5*5. C 15 H 14 0 4 requires C, 69*7; H, 5*5%). % 

5 : l-Dihydroxy~%-benzyl~2~methylbenzo-y-pyro7ie> —A mixture ot 
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anhydrous benzylphloracetophenone (2 g.), anhydrous sodium 
acetate (2 g.), and acetic anhydride (10 c.c.) was heated at 170— 
180° for 12 hours. After shaking with water, the diacetyl deriv¬ 
ative was collected and recrystallised from alcohol, being obtained 
in colourless needles, m. p. 112° (Found : C, 68*9; H, 4*8. C 21 H 18 0 6 
requires C, 68*8; H, 5*0%). The parent substance obtained by 
hydrolysis with boiling, dilute sodium carbonate solution and pre¬ 
cipitation with acid, crystallised from dilute methyl alcohol in 
colourless, nacreous plates, m. p. 200—201° (Found: O, 72*1; 
H, 5*2. C 17 H 14 0 4 requires C, 72*3; H, 5*0%). Of its colourless 
solutions in aqueous sodium hydroxide and concentrated sulphuric 
acid, the latter only shows a weak blue-green fluorescence, which is 
also exhibited by a solution of the diacetyl derivative in the same 
solvent. 

5 : l-Dihydroocy-%-benzyl-2-phenylbenzo-y-pyrone. —A mixture of 
benzylphloracetophenone (2 g.), benzoic anhydride (15 g.), and 
sodium benzoate (1 g.) was heated at 180—190° for 10 hours. The 
product was dissolved by heating on the steam-bath with a mixture 
of alcohol (50 c.c.) and water (5 c.c.), and hydrolysed by continuing 
to heat for 15 minutes with 50% aqueous potassium hydroxide 
(10 g. KOH); the product was precipitated from the diluted solution 
by carbon dioxide. By recrystallisation from methyl alcohol 
(charcoal) the pyrone was obtained in pale yellow prisms, m. p. 
202—203°, containing methyl alcohol of crystallisation which is 
given up before melting (Found: C, 76-5; H, 4*8. ^22^16^4 

requires C, 76*7; H, 4*7%). Its solution in aqueous sodium 
hydroxide shows no fluorescence. The diacetyl derivative, prepared 
by the action of acetic anhydride, crystallises from alcohol in pale 
yellow prisms, m. p. 126° (Found: C, 73*0; H, 4*6. C 26 H 20 O e 
requires C, 72*9; H, 4*7%). Both substances give pale yellow 
solutions in concentrated sulphuric acid which show very weak 
blue-green fluorescences. 

Benzylorcacetophenone. —A solution of (3-phenylpropionitrile (15 g.) 
and anhydrous orcinol (15 g.) in ether (100 c.c.) was saturated with 
hydrogen chloride at 0°, After 48 hours, the yellow crust of the 
ketimine was washed with ether and hydrolysed by heating on the 
steam-bath with water for £ hour. The resulting oily ketone 
partly crystallised on standing for several days, consisting doubtless 
of a mixture of benzylorcacetophenone and the isomeric 2 :6-di- 
hydroxy-4-methylphenyl p-phenylethyl ketone. The product was 
pressed oh porous earthenware, and the residue crystallised from a 
large volume of boiling water, shining, pearly plates, m. p. 118*5°, 
being obtsthied (Found: C, 75*1; H, 6*1. C 16 H 16 0 3 requires C, 
JZ5-0; H, 6*3%). This ketone is proved to be benzyloreaceto- 
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phenone and not the isomeride by the fact that the benzo-y-pyrone 
prepared from it has the properties of a 7- and not a 5-hydroxy- 
compound (see below). 

7 - Hydroxy~3-benzyl-2 : 5-dimethylbenzo-y-pyrone. —The acetyl de¬ 
rivative obtained in the usual manner from benzylorcacetophenone 
by acetylation for 20 hours crystallised from methyl alcohol in 
colourless prisms, m. p. 138—139° (Found: G, 74*7; H, 5*7. 
C 2 oH 18 0 4 requires C, 74-5; H, 5*6%). The parent substance 
obtained by its hydrolysis with aqueous sodium carbonate crystal¬ 
lised from alcohol, in which it was sparingly soluble, in colourless 
needles, m. p. 294—295° (Found: C, 77*2; H, 5*9. C 20 H 18 O 4 
requires C, 77*1; H, 5*8%). It dissolves readily in warm, dilute 
sodium hydroxide, giving a colourless solution showing a blue 
fluorescence. By methylation with methyl sulphate and potassium 
hydroxide at about 50°, it readily gave a methyl ether which crystal¬ 
lised from a small quantity of methyl alcohol in long, colourless 
prisms, m. p. 109°. All these substances give in concentrated 
sulphuric acid colourless solutions showing a blue fluorescence. 

7 : 8-Dihydroxy-3-phenyl-2-methylbenzo-y-pyrone. —Crude 2:3:4- 
trihydroxyphenyl benzyl ketone (10 g.; Noelting and Kadiera, 
Ber., 1906, 39, 2057) was acetylated in the usual manner for 
24 hours. The oil obtained on treatment with water was extracted 
with ether, the extracts were shaken with aqueous sodium hydroxide 
to remove a small quantity of a phenolic substance, dried, and the 
ether was distilled, leaving a pale brown oil which rapidly crystal¬ 
lised. This diacetyl derivative is very readily soluble in the common 
organic solvents, but crystallises from a large volume of light 
petroleum (b. p. 60—80°) in colourless, silky needles, m. p. 111*5° 
(Found: C, 67*9; H, 4*4. C 20 H 16 O 6 requires C, 68*2; H, 4*6%). 
The parent substance obtained by its hydrolysis crystallises from 
dilute alcohol in thin, colourless prisms containing water of crystal¬ 
lisation which is readily given up at 100°. The anhydrous sub¬ 
stance has m. p, 219—220° (Found: C, 71*3; H, 4*6. C 16 H 12 0 4 
requires C, 71*6; H, 4*5%). 

7 : 8-Dihydroxy-2 : Z-diphenylbenzo-y-pyrone. —This compound was 
prepared by benzoylation (20 hours) and subsequent hydrolysis of 
2:3: 4-trihydroxyphenyl benzyl ketone in the manner already 
described for the preparation of 5 : 7-dihydroxy-3-benzyl-2-phenyl- 
benzo-y-pyrone, and crystallised from alcohol in tiny, colourless 
needles, m. p. 297° (Found : C, 76*4 ; H, 4*1. C 21 H 14 0 4 requires 
C, 76*4; H, 4*3%). The diacetyl derivative crystallised from 
alcohol in fine, colourless, silky needles, m. p. 177—178° (Found : 
C, 72*2; H, 4*5, C 25 H 18 0 6 requires C, 72*4; H, 4*4%). , 

7: 8~Dihydroxy-3-benzyl-2-methylbenzo-y-pyrone- —Benzylgallaceito- 
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phenone (Dutta and Watson, J., 1912, 101, 1241) was acetylated 
in the usual maimer for 20 hours. The resulting diacetyl derivative 
crystallised from alcohol (charcoal) in almost colourless prisms, 
m. p. 126° (Found : C, 68-7; H, 4-9. C 21 H 18 Q 6 requires C, 68*8; 
H, 5*0%). The parent substance obtained by its hydrolysis crystal¬ 
lised from very dilute alcohol in fine, colourless needles, which melt 
to a red liquid at 203—205° (Found : C, 72-0; H, 5*0. C 17 H 14 0 4 
requires C, 72-3; H, 5*0%). 

7 : 8-Dihydroxy-3-benzyl-2-phenylbenzo-y-pyrone was prepared from 
benzylgallacetophenone in the same manner as the corresponding 
2: 3-diphenyl derivative described above. It crystallised from a 
large volume of acetic acid in pale yellow prisms, m. p. (when 
rapidly heated) 275—276° (Found: C, 76*4; H, 4*9. C 22 H 16 0 4 
requires C, 76*7; H, 4*7%). This substance is very sparingly soluble 
in the usual organic solvents. The diacetyl derivative crystallises 
from alcohol in tiny, colourless, silky needles, m. p. 175—176° 
(Found : C, 72*6; H, 5*0. C 26 H 20 O 6 requires C, 72*9; H, 4*7%). 

All these chromones derived from pyrogallol dissolve to pale 
yellow solutions in aqueous alkali hydroxides, none of which exhibits 
fluorescence (the same being true of the pale yellow solutions of the 
diacetyl derivatives in concentrated sulphuric acid); whilst their 
alcoholic solutions give a deep green colour with ferric chloride. 
The non-fluorescence of these substances is analogous to the cases 
of the isobrazilein and isohsematein salts and various benzopyrylium 
derivatives (Robinson, Crabtree, and Das, J., 1924,125, 211). 

The University, Manchester. [Received, July 15 th , 1925.] 


CCCXXL —The Formation and Stability of Associated 
Alicyclic Systems. Part II. The Formation and 
Disruption of Dicyclic Dihydroresorcinols. 

By Ebnest Habqld Fabmer and John Ross. 

The unsaturated cyclic ketones and ketonic esters of the five- and 
six-carbon series would appear to furnish attractive starting points 
for many chemical syntheses. In practice, however, owing to the 
transformations which accompany apparently simple operations, not 
only are the products other than those expected, but frequently it is 
extremely difficult to ascertain the course a given reaction has taken. 

It has been recorded in the case of certain derivatives of dimethyl- 
c^cfcpentenone (Farmer and Ingold, J., 1920, 117, 1362; Farmer, 
Ingold, and Thorpe, J. } 1922, 121, 128) that the chemically active 
combinatibn of double bond and carbonyl group may lead in cyclic 
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structures to a type of reactivity differing fundamentally from that 
observed in open-chain compounds, the effect of the spatial configur¬ 
ation and of the strained condition of the substituted carbon ring 
being such as to promote tautomeric valency exchange across the 
ring. Such a phenomenon might be expected to become manifest 
only under favourable structural and restrictive conditions, and, 
in the six-carbon series, where such an interchange would involve 
the establishment of “ para ” or “ meta ” bridge-valencies, and 
where the comparable restrictive conditions (the prevention of the 
functioning of a keto-enol system in the ring except at the expense 


Me 2 C < C n 2 .$ 


•C0 2 H 

0 


Me 2 C< 


6—q-co 2 H 

CH-C(OH) 


of valency adjustment across the ring) are exceedingly difficult of 
experimental realisation, no counterpart of the intra-annular 
tautomerism of the five-carbon series has yet been observed. In 
this connexion the uniplanar or multiplanar configuration is of 
moment; a multiplanar configuration, even although representing 
only changing contortions of the molecule and not giving rise to 
geometrical isomerides of the type obtained in the case of fused 
cyclohexane rings (Hiickel, Nach. K. Ges . Wiss. Gottingen, 1923, 43), 
would seem inevitably to affect intramolecular relationships. 

In this series it is proposed to examine the relationships of the 
carbon pairs in a six-membered ring through their tendency to 
become united by bridges of one or more carbon atoms and in the 
present communication the ease of formation of 1:4-bridges con¬ 
sisting of the group *CH 2 *CO is considered. The method employed 
is that of the Dieckmann condensation on the appropriate methyl- 
cyeZohexanone-acetic or -malonic esters. 

The mode of reaction between 1-methyl-A 1 -c2/c?ohexen-3-one (I) 
and esters of the malonic type appears from the literature to be 
anomalous. Thus according to Rabe (. Ber ., 1904, 37, 1671) reaction 
between the ketone and ethyl sodioacetoacetate yields an additive 
product (II) of the Michael type, which subsequently undergoes an 


Me CH(C0-CH 3 )-C0 2 Et 

\q/ 

/\ 

9H a ch 2 +- 

CH, CO 


Me 

6 

/% 

9H a CH 
ch 2 CO 
\/ 


Me 

6 

A 

; H 2 $5< cn 

® 2 / p-° < C0 2 B t 


internal aldol condensation. With ethyl sodiocyanoacetate, how¬ 
ever, it is stated (Knoevenagel and Mottek, Ber 1904, 37, 4470) 
that reaction of the Knoevenagel type occurs leading to a methyl- 
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c^/cZohexenylideneacetic ester (III), which, also passes by internal 
condensation into a dicyelic compound.* Finally, towards ethyl 
sodiomalonate the ketone is stated to be indifferent (Vorlander and 
Gartner, Annalen , 1898, 304, 7). 

Contrary to the last statement, ethyl sodiomalonate was found to 
react with the greatest facility, but the nature of the products varied 
with the experimental conditions used. When the condensation 
was effected at 100° in the presence of alcohol, the principal product 
was a high-boiling non-ketonic ester which, by reason of the diffi¬ 
culty attending its purification and that of its hydrolysis product, 
long resisted identification. It was ultimately identified as the 
compound (IV), and, as would be expected of such a substance, 


y GH 2 *CH 2 *CH 2 -C0 2 Et /CH 2 -CHo*CH 2 -C0 2 H 

(IV.) Me(XrCH 2 -C0 2 Et MeC^CH^COJS (V.) 

XJHa-COgEt x CH 2 C0 2 H 

it yielded with sodium a cyclic keto-ester, presumably (VI), and its 
derived acid (V) an anhydro-acid, presumably (VII). The constitu¬ 
tion of the tribasic acid (V) was finally established by synthesis 


MeC< >CH*C0 2 I 


(VI.) 


NHs-CC)/ 

CH 2 -C0 2 Et 


y CHo-CH 2 -CH 2 -C0 2 H 

MeCZ-CBL-CO 

CHa-COO (VII-) 


as recorded below, and the correctness of the formula assigned to 
the cyclic keto-ester (VI) followed from the subsequent oxidation 
of its derivatives. 

The open-chain ester (IV) could have been produced only as the 
result of preliminary Michael addition followed in turn by internal 
condensation and two stages of ring fission, a procedure borne out 


Me^CH(C0 2 Et) 2 
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QH 2 CH S 

0H S CO 
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(vm.) 



CH, 


/? Me \ 


CH, 


CH(OO.Et)| 

CH 2 CO CO 
X 'CH' / 
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Me CH 2 -C0 2 Et 

X Y 


t 


!H 2 CO 

NX 

CH'C0 2 Et 

(X.) 


(IV.) 


by the appearance of a quantity of the (3-ketonic ester (X) along with 
the main product- In order to arrest the process before ring fission 
had occurred, the condensation was effected at room temperature. 


* The alternative structures suggested for the dicyelic derivatives by 
Knoevenagel and Mottek involve internal condensations of such unusual type 
that the reinvestigation of the reaction between the cyclic ketone and ethyl 
cyanoaeetaie has been commenced. 
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Among the products of reaction the original compound (VIII) and 
the open-chain ester (IV) could not be identified. Hydrolysis 
with mineral acids under special conditions gave a 50% yield of the 
methylc^cfohexanoneacetic acid derived from (VI), but resi nifi ed the 
remainder of the material, regarded as representing the dicyclic 
1 : 3-diketone (IX). The methylcycfohexanoneaeetic acid produced 
was identical with that obtained by the direct condensation of 
[3-methylpimeKc- [3- acetic ester (IV). 

The attempted deliberate formation of the dicyclic diketone by 
the action of sodium on the ester (IV) failed so far as the main mass 
of material was concerned, the reaction proceeding only to the first 
stage (XI); nor could the pure ester (XI), derived from the acid (V), 
be converted into the dicyclic diketone. 

CSMe^ /? Me \ 

OH, CH 2 OH 2 **CH 2 CH 2 X OH 2 

C0 2 EtCH 2 C0 2 Et —> CO CH 2 CO a Et 

CH 2 *C0 2 Et X '*CH-C0 2 Et 

(IV.) (XI.) 


^CMe^ 

ch 2 gh 2 oh, 

CO CH 2 CO 

C*C0 2 Et 

(XII.) 


To the extent, however, of a few units per cent, there was obtained 
in the former reaction a crystalline quasi-acidic substance agreeing 
in composition with a dicyclodiketonic ester, but obtainable in 
insufficient amount to allow of the complete establishment of its 
constitution. The striking difference in the tendency towards 
further condensation of the esters (VIII) and (XI) may easily have 
arisen from the different distribution of the carbethoxyl groups. 
The non-formation in the latter case appears to have been due to 
the almost complete production of the cis-form of the monocyclic 
ester (XI) under the Dieckmann conditions, since the position of 
the carbethoxyl group at the carbon * rather than at ** became 
evident, so far as the main bulk of material was concerned, 
through the remarkably good yield of methylmethanetriacetic 
acid (XIII) and oxalic acid obtained on oxidation. This appears 
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the more probable in that the decarboxylated ester (XTV) reacted 
rapidly with sodium or even cold sodium ethoxide. Here, however, 
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owing to the instability * and viscous nature of the product the type 
of condensation effected is as yet uncertain. Although not com¬ 
pletely homogeneous, the product would appear from many of its 
properties (p. 2366) to consist essentially of the dicyclic dihydrores¬ 
orcinol (XV or XVI). Thus on oxidation it gave good yields of 


Me-OCH 2 -C0 2 Et 

9h 2 X ch 2 
CH 2 CO 
(xrv.) \/ 
ch 2 


CMe CMe 

ch^ch 2 ch^ch^ch 2 

CO CH 2 CO CO ch 2 c*oh 

\|/ (XV.) \| ^ (XVI.) 

CH c 


the expected tribasic acid (XVII) and was reconverted on prolonged 
boiling with caustic alkali into the acid corresponding to (XIV). 
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/I \ * 

dh 2 ch 2 ch 2 l 

JO CH 2 C'OH 
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Nevertheless, in the absence of crystalline derivatives and in view 
of the high values obtained for the molecular weight by the cryoscopic 
method, the possibility of intermolecular condensation of the 
Knoevenagel type having taken place is not ruled out.f 

Of the three tribasic acids produced during this investigation, one, 
methylmethanetriacetic acid (XIII), had. already been synthesised 
by Thorpe and Wood (J., 1913, 103, 1583), and a specimen was 
obtained by repeating their synthesis. The two homologues of 
this acid (IV and XVII) were obtained from ethyl lsevulate and ethyl 
y-acetobutyrate, respectively, by means of the Guareschi method of 
synthesis. The ketonic esters gave with ethyl cyanoacetate and 


* The common dihydroresoreinole pass on attempted distillation into 
vitreous substances, and the only known dihydroresorcinol alkylated on the 
carbon between the carbonyl groups changes from a crystalline substance into 
a viscous^oil on standing (Becker and Thorpe, J., 1922, 121, 1303). 

f 33ms the compound of the annexed formula might be expected to yield 
(XVII) on oxidation and (XIV) on hydrolytic fission. On the other hand, 


CMe*CH 2 *C0 2 H CH a 
CCO^ N CMe-CH 2 -C0 2 H 


CH, 

\/ 


several undoubted examples of this type of condensation product have proved 
to he highly crystalline substances. 
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ammoniacal alcohol excellent yields of the ammonium salts of the 
ester imides (XVIII and XIX), which on hydrolysis yielded the 


E tO,CCH,^ 0 <C S ,;CO> I)H 


(XVIII.) 

required acids (XVII and IV) 


EtOoC-CH 2 *CH 2 -CH 2 ^ n ^CH(CN)-CO\ 1S j-rr 

(XIX.) 


Experimental. 

l-Methyl-A 1 -cyclohexen-3-o?ie. —Large quantities of this ketone 
were prepared by the method of Rabe and Rahm (Annalen, 1904, 
332, 13), dilute sulphuric acid (10%) being used for the hydrolysis 
of the methylenediacetoacetic ester. In view of the subsequent 
withdrawal by Rabe (Ber. 9 1912, 45, 2924) of his earlier description 
of the properties of pure methylcs/cfohexenone, the purity of the 
product obtained was thoroughly tested by the quantitative degree 
of its conversion into the oxime and semicar bazone. The use of 
alkali as hydrolysing agent, as suggested in the later paper, proved 
far less satisfactory than that of sulphuric acid. After a preliminary 
fractionation in a vacuum, the portion distilling at 199—202° at the 
ordinary pressure (through a short column) could be regarded as 
pure ketone. 

A. Condensation of Ethyl Sodiomalonate with Methylcyolohexenone. 

(a) At 100°. The ketone (1 mol.) was gradually added to a cold 
alcoholic solution of ethyl sodiomalonate (1 mol.), and the mixture 
heated on a steam-bath for 16 hours. The cooled product was 
poured on to ice and separated in the usual way into three portions, 
which were respectively neutral, quasi-acidic (soluble in caustic 
alkali but insoluble in sodium carbonate), and acidic in reaction. 
The latter two fractions were red oils giving purple colours with 
ferric chloride. They represented less than 10% of the total 
material and could not be resolved into pure compounds. 

Ethyl $~Methylpimelate~$-acetate. —The neutral portion (above) 
constituted over 90% of the reaction product. In the crude state 
it gave an intense blue colour with ferric chloride, but after exhaustive 
fractionation the material distilled constantly at 200°/18 mm. as a 
colourless oil, giving then a faint colour with ferric chloride. Only 
after hydrolysis and re-esterification of the acid produced, could the 
ester be obtained completely pure (Eound : C, 60*6; H, 8«75. 
C 16 H 18 0 6 requires C, 60-7; H, 8*9%). The yield was 65% of the 
theoretical. 

The remainder of the crude neutral portion (b. p. 180—185°/18 



2304 


FARMER AND ROSS : THE FORMATION AND 


mm,) consisted principally of ethyl l-methylcycfchexan~3-one-4- 
carboxylate-1-acetate (below). 

$-Methylpimelic-$-acetic Acid .—The corresponding ester was 
boiled for 8 hours with 15% hydrochloric acid. After neutralising 
the solution with alkali and boiling off the alcohol, the acid was 
obtained in almost quantitative yield by ethereal extraction of the 
cooled, reacidified liquid. Evaporation of the ether left an oil 
which rapidly solidified. Complete purification of the acid for 
analytical purposes was a laborious process owing to the presence 
of a trace of a second substance which crystallised with the acid. 
This difficulty, which caused many months 5 delay in the original 
identification of the acid, was not experienced with the acid 
synthesised from y-acetobutyric ester (p. 2368). Repeated crystallis¬ 
ation from acetone—chloroform and ethyl acetate yielded the acid 
in colourless prisms, m. p. 123—124° [Found: C, 52*0; H, 6*9; 
M (tribasic), 234. C 10 H 16 O 6 requires C, 51-7; H, 6-9%; M, 232]. 
On heating the acid for Ik hours with excess of acetyl chloride, 
anhydro- fi-methylpimelic-fi-acetic acid (VII) was obtained. It 
crystallised from benzene in long, transparent needles, m. p. 83° 
(Found : C, 55-8; H, 6*4. C 10 H 14 O 5 requires C, 56*05; H, 6*6%). 

The pure ethyl ester was prepared by saturating an alcoholic 
solution of the acid at 0° with dry hydrogen chloride and distilling 
the product in a vacuum. It was obtained in almost quantitative 
yield as a colourless oil, b. p. 200°/18 mm. (Found: C, 60*8; H, 
9T5. Calc., C, 60*7; H, 8-9%). 

(b) At room temperature , Since the ketone would not react 
appreciably with an alcohol-free, ethereal suspension of ethyl 
sodiomalonate, the condensation was effected as in (a) except that the 
mixture was not heated; it was kept in a closed vessel for a week. 
On working up the material, negligible quantities of quasi-acidic 
and acidic substances were obtained. 

Ethyl 1-Methylcyclohexan - 3 - one - 4 - carboxylate-l-acetate .—The 
neutral ester so obtained (86% theory), although consisting largely 
of the methylcarboxyc^cfohexanone-acctic ester (VI), could not be 
satisfactorily resolved into its constituents. It was obtained on 
distillation as a colourless oil, b. p. 175—190°/16 mm. After 
repeated fractionation, specimens were obtained (b. p. 182°/I6 mm.) 
which gave correct figures on analysis (Found: 0, 62*2; H, 8*2. 
Required for C^H^Og, C, 62*2; H, 8*2) for the carboxy-acetic 
ester (VI) or the isomeric ethyl l-methylc^cZchexan-3-one-l 
malonate (VIII). The presence of the latter ester, however, could 
not be demonstrated and all fractions gave intense colours with 
ferric chloride. The pure ester was readily obtained by the method 
described below (p. 2366). 
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Ethyl Ethane-' 1 ' ^I 1: *A-methylcyc\ohexa-% : 5-dione-2-carboxylate/ l: 
—Although this substance could not be isolated in pure condition 
from the condensation product, its presence was probably responsible 
for the considerable amount of resinous material obtained on 
hydrolysis of the ester mixture. Boiling with alcoholic sodium 
ethoxide converted the mixture into ethyl p-methylpimelate-p- 
aeetate. 

1 - Methylcyclohexan-3-one-I-acetic Acid .—This substance was 
obtained in small amount from the ester fraction, b. p. 180—185°/18 
mm., derived from the condensation effected at 100°* but in much 
larger quantities from the product of condensation at 15°. The 
ester, after one distillation, was boiled with a mixture of equal 
volumes of alcohol and concentrated hydrochloric acid diluted with 
2 volumes of water. After boiling for 3 hours, the excess of alcohol 
was expelled and refluxing continued for a further 7 hours. The 
cooled product was neutralised with sodium carbonate and extracted 
with ether. The mother-liquor was acidified with hydrochloric 
acid and re-extracted with ether. The oil thus isolated, on distillation, 
was obtained pure and colourless; b. p. 196°/15 mm., yield 60%. 
The acid passed on standing for some -weeks into a solid, m. p, 37°, 
The semicarbazone was formed with considerable difficulty and did 
not crystallise well, thus rendering purification difficult. It separated 
from methyl alcohol as a white powder, m. p. 189° (Found: <7, 
52*2; H, 7*5. C 10 H 17 O 3 N 3 requires 0, 52*8; H, 7*5%). The 
silver salt was obtained as a white powder (Found: Ag, 38*8. 
CgH^OgAg requires Ag, 39*0%). 

Ethyl l-methylcyolohexan-3-one- 1-acetate was obtained by treat¬ 
ment of the silver salt of the acid with alcoholic ethyl iodide. It 
was a colourless oil, b. p. 147°/15 mm., which yielded no colour 
with ferric chloride (Found: C, 66*5; H, 9*2. C u H 18 0 3 requires 
C, 66*6; H, 9*15%). The ester could readily be converted into its 
semicarbazone , which separated from ether in colourless prisms, 
m. p. 158—159° (Found : C, 56*2; H, 8*2. 0 12 H S1 0 3 N 3 requires 
0,56*4; H, 8*3%). 


B. Direct Condensation by the Diechnann Method . 

General Method .—Sodium (2 atoms) was pulverised under xylene 
and the xylene replaced by a volume of benzene or toluene equal to 
that of the ester (1 mol.), which was immediately added. The whole 
was heated on a steam-bath until energetic reaction commenced. 
When this had subsided, heating was re-commenced and continue# 

* The nomenclature used for this and succeeding dieyelic compounddfis 
that described in Part I of this series (J\, 1020, 117, 501). 
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until reaction was complete. The cooled product was treated with 
ice and extracted with ether. The mother-liquor was then acidified 
and extracted. 

Intramolecular Condensation of Ethyl $-Methylpimelate-$-acetate .— 
The neutral ester obtained in 75% yield by the general method 
distilled as a colourless oil (b. p. 182°/15 mm.) which gave a deep 
purple colour with ferric chloride. This was pure ethyl 1-methyl- 
Gydohemn-d-oneA-carboxylate-l-acetate (p. 2364) (Found: C, 61*9; 
H, 8*3. C^HgoOg requires C, 62*2; H, 8*2%). This ester yielded 
no semicarbazone, but on hydrolysis by the method recorded above 
(p. 2365) yielded an acid identical in all respects (including the 
properties of its derivatives) with the methylcycZohexanoneacetie 
acid previously described. From the silver salt the ethyl ester 
(semicarbazone, m. p. 158—159°) was readily prepared. For the 
preparation of large quantities of this ester the foregoing method, 
in conjunction with the Guareschi synthesis (below), is especially 
suitable. 

Ethyl Ethane- 1 '^IV-'^-l-methylcyGloheza-S : 5-dione-2-carborylate . 
—The portion of the condensation product which was soluble in 
caustic alkali but insoluble in sodium carbonate was distilled (b. p. 
190—200°/18 mm.). The distillate deposited crystals which on 
recrystallisation from light petroleum were obtained in long, colour¬ 
less needles, m. p. 111 0 . This substance did not immediately give 
a colour with ferric chloride; an intense colour developed after 10 
minutes (Found: C, 63*7; H, 7*4. C 12 H 16 0 4 requires C, 64*1; 
H, 7-1%). Owing to the small amount of material available, the 
correctness of the constitution assigned could not be fully 
established. 

Ethyl Hydrogen l-Methylcyclohexan-S-oneA-carboxylate-d-acetate. 
—The acidic portion of the condensation product partly solidified. 
By treatment with ligroin the separation of the solid from the oily 
matter was possible. On recrystallisation from ligroin, the solid 
melted at 91° and gave an immediate colour with ferric chloride 
(Found : C, 594; H, 7*55. C 12 H 18 0 5 requires C, 59*5; H, 7*5%). 
Hydrolysis of the crude acid fraction gave a good yield of methyl- 
pimelic-acetic acid. 

Intramolecular Condensation of Ethyl 1-31 ethyloyclohexan-%-one- 
1-acetate* —The small amount of neutral ester derived by condensing 
the cyclic ester (XI) with sodium according to the general method 
proved to be unchanged material. The large amount of acidic 
material was almost entirely soluble in spdium carbonate and gave 
no colour with ferric chloride. On distillation in a vacuum a portion 
passed over as a viscous, colourless oil (containing some methyl- 
c^cZohexanoneacetic acid), but the major portion would not distil 
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and set to a resinous mass on cooling. The undistilled substance 
readily gave a silver salt which on treatment with methyl iodide 
yielded an oil, only a portion of which passed over on distillation 
and from which no pure substance could be obtained. Numerous 
attempts to purify the acidic substance were without success, nor 
could crystalline derivatives be obtained. The composition and 
basicity corresponded approximately with that of ethcme- 1:2 II 1:<i - 
l-methyl-A z -eyclohexen-3-ol-5-one (XVI). A similar product was 
obtained by using alcoholic sodium ethoxide instead of sodium. 
This material, after prolonged desiccation, gave in benzene solution 
molecular weight values almost double of that corresponding to 
formula XV or XVI. Boiling for some hours with caustic soda 
caused conversion into methylcycZohexanoneacetic acid. 

C. Oxidation of Cyclic Compounds. 

Oxidation of Ethyl l-Methylcyclohexan-3-one~4:-carboxylate-l- 
acetate .—To an ice-cold suspension of the ester in very dilute caustic 
potash, 3% potassium permanganate solution equivalent to about 
5 atoms of oxygen was added drop by drop, with rapid stirring. 
After removal of the manganese, the solution was evaporated to small 
bulk and extracted with ether. From the concentrated ethereal 
solution an excellent yield of a sand-coloured acid separated. This 
was methylmethanetriacetic acid, which, after precipitation from 
concentrated aqueous solution by hydrogen chloride and finally 
crystallising from acetone-chloroform, separated in colourless 
prisms, m. p. 172° [Found: C, 46*8; H, 6*0; M (tribasic), 210. 
Calc., C, 47*0; H, 5*9%; M, 204]. This acid was compared directly 
with the acid synthesised by Thorpe and Wood’s method (loc. cit.) 
and found to be identical. 

From the aqueous mother-liquor an amount of calcium oxalate 
approximately equivalent to the organic acid was isolated. 

Oxidation of the Product of Reaction of Sodium on Ethyl \-Meihyl- 
cyolohexan-3-one-l-acetate .—The substance, dissolved in dilute 
sodium carbonate, was oxidised under conditions very similar to 
those described above. The intermediate oxidation products 
possessed considerable stability and the solution needed stirring for 
li hours after addition of the necessary amount of permanganate 
(corresponding to 3 atoms of oxygen) was complete. After filtering 
and concentrating, the solution was acidified with hydrochloric acid. 
The intense bright red colour thus produced persisted for several 
days, but was instantly discharged by ammonia, only to reappear 
on acidification with acetic acid. Extraction of the acid liquor 
■with ether yielded an oil which slowly deposited a crystalline ad®. 
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This separated in small, colourless prisms, m. p, 148—149°, from 
acetone-chloroform [Found: C, 49*3; H, 6*55; M (tribasic), 212. 
C 9 H 14 0 6 requires 0, 49*5; H, 6*5%; M , 218]. This acid was 
compared directly with a specimen synthesised from ethyl lsevulate 
(Section D) and found to be identical. 


D t Ghiareschi Synthesis of Poly carboxylic Acids. 

$-Methylpim.elic-$-acetic Acid .—Ethyl y-acetobutyrate (8 g.), 
prepared by Bentley and Perkin’s method (J., 1896, 69, 1511), was 
mixed with ethyl cyanoacetate (11*3 g.). To the cold mixture, 
ammoniacal alcohol (25 c.c.) saturated at —10° was added. The 
product was kept at 0° in a tightly stoppered bottle for 2 days; 
inoculation with a crystal of an analogous imide then initiated 
crystallisation. Thus the ammonium salt (m. p. 97°) of an ester 
imide was obtained in good yield. From this the imide separated 
on acidification as a thick oil which soon solidified. More of the 
imide was obtained from the mother-liquor by removing the alcohol, 
without applying heat, and acidifying. It separated from dilute 
aqueous alcohol in long, transparent needles, m. p. 138—139° 
(Found : C, 57*3; H, 5*8; N, 14*9. C 14 H 17 0 4 N 3 requires C, 57*7; 
H,5*9; N, 14*4%). 

The imide (2*5 g.) was mixed with 15 c.c. of concentrated sulphuric 
acid; when water (15 c.c.) was added, the imide dissolved. After 
7 hours’ boiling, hydrolysis was complete without carbonisation 
having taken place. Ethereal extraction of the cooled, diluted 
product yielded an oily acid which soon solidified in an evacuated 
desiccator (yield 2-1 g.). Recrystallisation from concentrated 
acetone-chloroform solution yielded colourless, well-defined prisms 
of p-methylpimelic-p-acetic acid, m. p. 124—125°. This m. p., 
differing by 1° from that recorded above, was not depressed by 
admixture of the two acids [Found : C, 51-7; H, 7-1; M (tribasic), 
234. Calc., C, 51*7; H, 6*9%; if, 232]. 

$-Methyladipic-$-acetic Acid .—This acid was prepared from ethyl 
laavulate analogously to the preceding one. The crystalline 
ammonium salt (m. p. 136°) gave an excellent yield of the ester 
imide (XVIII), which separated from aqueous alcohol in long, 
transparent needles, m. p. 169° (Found : C, 55*6; H, 5*5; N, 15*8. 
Required for C 1S H 16 0 4 N 3 , C, 56*3; H, 5*4; N, 15*2%). 

By hydrolysis of the imide with a mixture of equal volumes of 
sulphuric acid and water the acid was obtained. It was recrystal- 
lised from a mixture of equal volumes of acetone and chloroform, 
from which it separated in hard, colourless prisms, m. p. 148—149° 
{Found: C, 49*35; H, 6*4. Gale., C, 49*5; H, 6*5%). 
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CCCXXIL —Applications of Thallium Compounds in 
Organic Chemistry. Part II. Titrations. 

By George Hallatt Christie and Robert Charles Menzies. 

Among new salts prepared by titration (see, inter alia, Menzies and 
Wilkins, J., 1924, 125, 1148) are thallous fumarate and thallous 
maleate, which exhibit differences in properties similar to those 
displayed by the acids. 

Tetrathalliwn tartrate , C 4 H 2 0 6 T1 4 , prepared in alkaline solution, is 
sparingly soluble in water; the solution turns pkenolphthalein pink, 
and the amount of acid required to discharge the colour corresponds 
to two equivalents of thallium. The salt may be recrystallised 
unchanged from a sufficiency of water; if, however, carbon dioxide 
be passed while heating, solution takes place more rapidly and the 
liquid on cooling deposits the characteristic needles of thallous 
carbonate. These facts indicate that two of the four thallium atoms 
are hydrolysable. 

This salt does not appear to have been prepared before, as thallous 
tartrate has hitherto been made from the acid and thallous carbonate 
(Kuhlmann, Compt. rend., 1862, 55, 608; Carstanjen, J. pr. Chem., 
1867, 102, 146; Lamy and des Cloizeaux, Ann. CMm. Phys., 1869, 
17, 335; Glucksmann, Z. Kryst . Min., 1894, 23, 566). Carstanjen 
states that thallous tartrate has an alkaline reaction, but we find 
that tartaric acid may be accurately titrated with thallous hydroxide 
solution and phenolphthalein, the end-point being sharp. 

In its somewhat sparing solubility, tetrathallium tartrate resembles 
the double tartrate of thallium and antimony (Kuhlmann; Lamy 
and des Cloizeaux; loc . cit.), and it is possible that it is the first 
example of a metallic hydroxy-acid complex formed by a univalent 
metal (see Wark, J., 1923, 123, 1815). 

An attempt to prepare tetrapotassium tartrate failed, normal 
potassium tartrate alone being obtained by concentration of a 
solution containing potassium hydroxide (4 equivs.) and tartaric 
acid (1 equiv.). Thallium compounds prepared on similar lines 
from lactic, malic, citric, and salicylic acids gave irregular analytical 

VOL. CXXVII. 4 k 
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results. [3-Diketones, however, and phenols give thallium salts 
which resemble tetrathallium tartrate in the ease with which they 
can be prepared pure, and in the accuracy with which the thallium, 
hydrolysed by water, may be estimated by titration. These com¬ 
pounds are now described, as the usefulness of readily prepared, 
well-crystallised substances of this type is obvious. The crystalline 
forms are often characteristic and develop on mixing drops of the 
solutions, so that their possible application in micro-analysis is 
indicated. Of interest are the thallous salts of ethyl acetoacetate 
and of benzoylacetone, which resemble the thallous salts of acetyl- 
acetone and of acetonedicarboxylic ester in being readily soluble 
in organic solvents. Reactions of the above types of compound 
are under investigation and will be described in a later communica¬ 
tion. Diphenyl ether, for instance, is formed by refluxing a solution 
of thallous phenoxide in iodobenzene, o-methoxybenzaldehyde has 
been obtained in 62% yield by heating thallium salicylaldehyde 
(Menzies and Wilkins, loc. cit .) under reflux with methyl iodide in 
benzene, and methyl stearate in quantitative yield from thallous 
stearate in the same way. The latter reactions as well as the former 
show that the resemblance between univalent thalli um and the metals 
of both the A and the B sub-group of group 1 of the periodic table 
is not confined to inorganic che mis try. 

Experimental. 

Thallous Salts of Organic Acids. —These salts were prepared by 
titrating the acids with standardised thallous hydroxide solution 
and phenolphthalein, and were analysed after being filtered off 
and dned in a vacuum at 100°. The accuracy of the titrations 
is the same as in the cases of sodium and potassium hydroxides, 
the values for the equivalent weights of the acids generally being 
correct to three significant figures. 

Thallous fumarate separates, when the solution obtained by titra¬ 
tion is cooled, in white, elongated prisms, m. p. 268° (decomp.) 
(Found : Tl, 77*9. C 4 H20 4 T1 2 requires Tl, 78*2%). It is sparingly 
soluble in water. Thallous maleate crystallises, on evaporation of 
its solution over sulphuric acid, in thick, white prisms, m. p, 164— 
166° (Found: Tl, 77*85. C 4 H 2 0 4 TL> requires Tl, 78*2%). It is 
readily soluble in water, ThaUous succinate crystallises in 
irregular plates, m. p. 246—248°, on slow evaporation of its solution 
(Found: Tl, 77*6. 0 4 H 4 0 4 T1 2 requires Tl, 77*9%). Thallous 
pMhalaie forms white prisms, m. p. 268—270° (Found: Tl, 70*8, 
71*1. C 6 H 4 0 4 T4 requires Tl, 71-4%). 

Holde and Selim (Ber .,1925, 58, 524) prepared thallous p almi tate 
and oleate (Menzies and Wilkins, loc . cit.) and thallous stearate by 
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titrating alcoholic solutions of the acids with if/lO-aqueous thallous 
hydroxide and recrystallising the precipitated salts from alcohol. 
By the use of Kahlbaum’s purified acids and a more concentrated 
solution of thallous hydroxide the pure salts may be obtained in 
one operation as follows : 7*35 g. of stearic, 8*96 g. of palmitic,, 
and 9*76 g. of oleic acid, each dissolved in 200 c.c. of warm alcohol, 
required 29*9 c.c., 40*43 c.c., and 39*9 c.c. of 0-864^-aqueoua 
thallous hydroxide (theory, 29*95, 40*48, and 40*03 c.c. respectively). 
On concentration and cooling there were obtained 10 g. of thallous* 
stearate (m.*p. 119°), 14 g. of thallous palmitate (m. p. 115°), and 
8 g. of thallous oleate (m. p. 78—82°) (Found : Tl, 42*1 for oleate, 
41*55 for stearate, 44*3 for palmitate. Calc., Tl, 42*1, 41*9, 44*5% 
respectively). 

The observation that thallous palmitate softens at 116—118° 
but does not melt completely at 170° (Menzies and Wilkins, loc . cit.,, 
p. 1149) led to its examination by polarised light * between crossed, 
nicols; it was then found that between the above temperatures 
the salt behaves as an anisotropic liquid. The stearate and oleate 
show similar changes (see Holde and Selim, loc. cit .). 

The thallous tartrate obtained by slow evaporation of its solution 
prepared by titration was dried in air (Found : on drying in a 
vacuum for 2 hours at 100—110°, H 2 0, T6; in dried salt, Tl, 73*2. 
Calc, for the hemihydrate,f H 2 0, 1*6; for the dried salt, Tl, 73*4%).. 
This salt has a neutral reaction when redissolved in water. The 
salt obtained by Carstanjen [loc. cit.), and described as having an 
alkaline reaction, contained according to his analysis a slight excess 
of thallium (73*74%); both observations point to contamination 
with thallous carbonate used in its preparation. 

Tetrathallium tartrate is deposited whenever a solution containing, 
tartaric acid and thallous thallium is made alkaline. (1) 12*5 6. 
(78% of the theoretical yield) were obtained from 2*5 g. of tartaric 
acid and four equivalents of thallous hydroxide solution (121*4 c.c. 
of approximately 0*5517), the first few drops of which in excess 

* At the suggestion of Professor Lap worth. 

f 2-Methylpyridine-3 : 4 : 6-tricarboxylic acid (Lawson, Robinson, and 
Perkin, J., 1924, 125, 637) forms another of the few thallous salts containing 
water of crystallisation. 7*8 G. (theory 8*7) of the above salt were obtained 
from 2*35 g. of the acid (kindly supplied by Professor Robinson) as a 
white, crystalline powder which, on heating, charred without melting. After 
exposure to moist air to constant weight, it lost on subsequent heating 
at 140—145° 1*9% of its original weight. Another sample, dried to constant 
weight at 145°, gained 2*2% of its final weight on exposure to moist air till 
the weight was again constant (6 days) [Found in dried salt: Tl, 73*1 (as Til), 
73*2 (aB T1 2 0 3 ). C € H 4 ON 6 Tl a requires Tl, 73*4%. C 9 H 4 0N 6 T1 3 ,H 2 0 requires 
H 2 0, 2*1%]. By a coincidence, 2*methylpyridine-3 :4:6-tricarboxylio acdd. 
and tartaric acid have the same equivalent weight. - ../d' 

4x2 
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produced a precipitate (Found : Tl, 84*2 as iodide, 42*5 by titration.* 
C 4 H 2 0 6 T1 4 requires Tl, 84*8%). (2) 5*86 G. (yield 87*6%, calculated 

on thallous hydroxide taken) were obtained from 1*77 g. of acid 
potassium tartrate and three times the amount of thallous hydroxide 
solution required to neutralise the salt (Found by titration: Tl, 
42*55%). (3) 37 G. (yield 77%) were obtained from a hot solution 
of 7*5 g. of tartaric acid, 8 g. of sodium hydroxide, and 50*4 g. of 
thallous sulphate in 500 c.c. of water (Found: Tl, 84*7, 84*8 as 
iodide ; 42*5, 42*8% by titration). (4) 3*2 G. were obtained from 
6 g. of normal thallous tartrate hemihydrate and 50 c.c.* of approxi¬ 
mately 0-442^-sodium hydroxide solution (Found by titration: 
Tl, 42*3%). (5) 0*38 G. was obtained from 1*39 g. of thallium 

hydrogen tartrate and 27 c.c. of the same sodium hydroxide solution 
(Found by titration : Tl, 42*5%). 

Decomposition by carbon dioxide. Tetratkallium tartrate (9*9 g.) 
only partly dissolved in 50 c.c. of boiling water; but on passing 
carbon dioxide dissolution was rapid and, on cooling, 3*7 g. of thallous 
carbonate crystallised. Hydrolysis of half the thallium with form¬ 
ation of carbonate requires 4*8 g. of thallous carbonate, which is 
appreciably soluble in water. 

Comparative Estimations , by Titration and by Precipitation as 
Thallous Iodide , of Thallium in its Salts with $-Dilcetones and with 
Phenols.—Thallous ethyl acetoacetate . The pure compound (24*3 g.^ 
separated in needles, m. p. 91—92°, when 100 c.c. of thallous hydr¬ 
oxide solution (27*5 g. of TlOH per 100 c.c.) were mixed with 16*2 g. 
of ethyl acetoacetate dissolved in a little alcohol. The substance is 
readily soluble in organic solvents (Found : Tl, 61*1 as iodide; 
61*2 by titration. CgHgOgTl requires Tl, 61*3%). 

The thallous salt of benzoylacetone (6*3 g.) was obtained in long, 
yellow prisms, m. p. 103—105°, from 7*3 g. of benzoylacetone and 
the equivalent amount of thallous hydroxide solution. It is 
sparingly soluble in pure ether, but conveniently recrystallised 
from acetone (Found: Tl, 55*9 as iodide; 55*6 by titration. 
C 10 H 9 O 2 Tl requires Tl, 55*9%). 

Thallous acetyl acetone (Kurowski, Ber ., 1910, 43, 1078; Morgan 
and Moss, J., 1914,105, 195). Found : Tl, 67*0 as iodide; 66*9 by 
titration. Calc., Tl, 67*4%. 

The thallous salt of acetonediearboxylic ester (Menzies and 
Wilkins, loc. cit). Found: Tl, 49*85 as iodide; 50*0 by titration. 
Calc., Tl, 50*5%. 

Thallous salts of phenols. Pure thallous phenoxide, m. p. 231— 

* Percentages of thallium given as “ by titration ” have been calculated 
on the basis of 0*02044 g. of thallium per c.c. of iV/10-acid required to 
neutralise weighed amounts of the substances in question in aqueous solution. 
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235° (Kuhlmann, Bull, Soc. chim ., 1864,1, 333), crystallises in long 
needles on cooling the solution obtained by mixing equivalent 
weights of phenol in alcohol and of thallous hydroxide in hot water. 
Supersaturation occasionally occurs (Found: Tl, 69*1 as iodide: 
68-7 by titration. Calc., Tl, 68*7%). 

Thallous m-tolyloxide, m. p. 187°, crystallises pure when a hot 
solution of m-cresol in an equivalent quantity of aqueous thallous 
hydroxide is cooled [Found : Tl, 65-2 as iodide; 65-7 by titration 
(methyl-orange). C 7 H 7 0T1 requires Tl, 65-6%]. 

o- and p-Cresol also give characteristic salts, that of o-cresol 
differing from the others in its greater solubility in water. 

The thallous salt of resorcinol monomethyl ether (2*48 g.) was 
obtained in thin prisms, m. p. 146—148°, from 1*28 g. of resorcinol 
monomethyl ether and 8*1 c.c. of 1*27 iV-thallous hydroxide solution 
(yield 73*5%) [Found : Tl, 62*25, 62*4 as iodide; 63*0 by titration 
(methyl-orange). C 7 H 7 0 2 T1 requires Tl, 62*4%]. 

The thallous salt of guaiacol (8*1 g.) was obtained from 5*7 g. of 
guaiacol and 36*1 c.c. of l*27iV'-thallous hydroxide solution in stout, 
rhombohedral plates, m. p. 160—161° (yield 53*7%). This salt is 
much less soluble in water than the salt of resorcinol monomethyl 
ether (Found : Tl, 62*4, 62*25 as iodide; 63*0% by titration). 

Thallous a-naphthoxide 3 m. p. 180—190°. On cooling a hot 
aqueous solution of this substance, obtained in the usual way as an 
amorphous precipitate, an emulsion was first produced which, 
examined by ordinary light under a microscope, appeared to consist 
of small globules suspended in the liquid. These were invisible in 
plane-polarised light between crossed nicols, crystals of stout, 
doubly refracting plates soon crystallised and the emulsion dis¬ 
appeared [Found: Tl, 58*25 as iodide; 58*6 by titration (methyl- 
orange). C 10 H 7 OT1 requires Tl, 58*8%]. 

The thallous salt of vanillin separates in branching needles, m. p. 
193—201°, in almost theoretical yield when a weighed amount of 
vanillin, dissolved in a little alcohol, is added to an equivalent 
quantity of moderately concentrated thallous hydroxide solution 
(Found: Tl, 56*8, 57*0 as iodide; 57*0 by titration. C 8 H 7 0 3 T1 
requires Tl, 57*5%). 

The authors wish to thank Miss 0. M. Fear for assistance with the 
analytical work. They also gratefully acknowledge grants from the 
Research Fund Committee of the Chemical Society and the Colston 
Research Committee. 

UmvERSiTY or Bristol. [Received, July 10th, 1925.] 
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CCCXXIII .—The Reactions of Azoxy-compounds. 

Part I. The Action of Light . 

By WmiJAM Murdoch Cumming and George Straton Ferrier. 

Although much has been published on the preparation of azoxy- 
compounds, few attempts have been made to explore the reactions 
of this somewhat stable group. Scattered observations (notably 
by Knipscheer, Bee. trav. chim ., 1903, 22, 1) indicate that one 
characteristic reaction of azoxy-compounds, their conversion into 
hydroxyazo-compounds under the influence of sulphuric acid, can 
also be brought about by the action of light. Knipscheer obtained 
o-hydroxyazobenzene, in poor yield (10-3%), and with much loss 
of material through volatilisation (39*7%), by exposing sheets of 
filter-paper impregnated with azoxybenzene to sunlight for 5 weeks. 
He further stated, as a result of experiments in boiling benzene and 
toluene, that the transformation took place satisfactorily only when 
the azoxybenzene was in the solid state. As this did not agree 
with observations made in this laboratory (Cumming and Steel, 
J., 1923, 123, 2465; Cumming and Ferrier, J., 1924, 125, 1108) 
on aoc'- and pp'-azoxynaphthalenes, and as it was further believed 
that the loss of azoxybenzene through .volatilisation could be 
greatly reduced by carrying out the transformation in solution, it 
was decided to reinvestigate the subject. 

By exposing solutions of azoxybenzene in various solvents to 
the light of a mercury vapour lamp, o-hydroxyazobenzene was 
obtained in fair yield, varying with the conditions. The best 
results (28*0%) for 50 hours’ exposure were obtained in absolute 
ethyl alcohol, and the worst (7*7%) in benzene. Increase of tem¬ 
perature materially increased the loss of azoxybenzene through 
volatilisation, and only slightly improved the yield. The trans¬ 
formation also takes place in sunlight, but cannot be effected by 
ordinary electric light. In this connexion it is of interest that 
Cumming and Steel ( loc . cit.) have found that exposure of aa'-azoxy- 
naphthalene to sunlight or to the light of a mercury vapour lamp 
for a short period produced a red isomeride of the same melting 
point (127°); prolonged exposure, however, produced an azo- 
naphthol melting at 224° (private communication). This change 
they formulate thus: 


R-N-N-R 

v/ . —> 

O 

Yellow €LZOxynaphthalene. 


RdtfIN-R 

O 

Red isomeride. 


R'N:n-r-oh 


Yellow aaoxyiiaphthalen.e. Red isomeride. Azonaphthol. 

We have also obtained hydroxyazo-compounds from 2:2'-, 
3 : 3'-, and 4 :4'-azoxytoluenes, 4 : 4'-dichloroazoxybenzene, and 
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2 : 2 , -diamino-4 : 4'-azoxytoluene under similar conditions. 4 :4'- 
Azoxyanisole, 4 : 4'-azoxyphenetole, and 4 : 4'-dinitroazoxybenzene 
reacted slightly or not at all. In the case of 2: 2'-azoxytoluene 
products of widely different melting points were obtained according 
to whether the transformation was carried out in alcohol or benzene 
solution. The hydroxyazo-compounds were obtained as red needles 
of varying solubility in sodium hydroxide solution. In cases where 
we were able to determine the orientation, the hydroxyl group 
appears to enter the benzene nucleus in the ortho-position with 
respect to the azo-group. 

Janovsky and Reimami (Ber., 1889, 22, 40, 1172) state that by 
fractionally crystallising the product from the action of zinc and 
sodium hydroxide on ^-nitrotoluene they obtained an isomeric 
p-azoxytoluene melting at 75°, which they state can also be obtained 
by the oxidation of p-azotoluene with nitric acid. We have been 
unable to obtain this isomeride by either method, and have shown 
that it is not a solid solution of 33 -azo- in p-azoxy-toluene. Our 
work, therefore, indicates that the existence of this isomeride is 
extremely doubtful. 

Experimental. 

Azoxybenzene. —A. Effect of ultra-violet light Azoxybenzene 
(5 g.), dissolved in 85% alcohol (500 o.c.) contained in a quartz 
flask and placed under a reflux condenser to reduce loss through 
volatilisation, was exposed for 50 hours to the light of a mercury 
vapour lamp. The alcohol was then distilled off and the red, 
crystalline residue dissolved in ether and exhaustively extracted 
with 8% sodium hydroxide solution (2 litres). The ethereal solution 
after extraction yielded 3*65 g. of azoxybenzene. The alkaline 
extract, after aoidification with hydrochloric acid, was kept over¬ 
night and filtered. A yellow powder (1*05 g.), m. p. 76—78°, was 
obtained, which was completely volatile in steam (hence containing 
no ^-hydroxyazobenzene) and after crystallisation from alcohol 
formed red needles, m, p. 82—83°. Bamberger (Ber. } 1900, 33, 
1939) gives for o-hydroxyazobenzene m. p. 82-5—83°. 

The compound was further characterised by formation of the 
copper salt described by Bamberger, who does not, however, give 
details of the method for its preparation. This can best be accom¬ 
plished by mixing equivalent quantities of an alcoholic solution of 
cupric chloride with a sodium ethoxide solution of the dyestuff, 
and leaving to crystallise. The salt melted at 223° (Bamberger 
gives m. p. 225—226°). < ; :; 

A control experiment was carried out by keeping a similar safe 
tioh of azoxybenzene in the dark for 14 days and working tip 



2376 gumming and eerrier. : the reactions oe 

similarly. Pure azoxybenzene was recovered quantitatively. A 
sample of o-hydroxyaz obenzene in alcoholic solution was exposed 
to the lamp for 125 hours, and the product fractionally crystallised 
from alcohol. No change was apparent. 

The yields (per cent, of o-hydroxyazobenzene after 50 hours’ 
illumination) obtained with various solvents were: 85% EtOH, 
20*5; 100% EtOH, 28*0; MeOH, 24; PrOH, 26*3; C 6 H 6 , 7*7; 
boiling 85% EtOH, 22*3. 

Dilution of the 85% ethyl-alcoholic solution from 1% to 0*5% 
of the azoxy-compound left the yield practically unaltered (26*0, 
24*6%), but increase of time of exposure to 100 and 200 hours raised 
the yield to 44*0% and 63*3% respectively. 

B. Action of sunlight. On June 24th, 1924, a solution of 18 g. 
of azoxybenzene in 1300 c.c. of 85% alcohol was divided between 
(i) a quartz flask (500 c.c.), (ii) a glass flask of approximately the 
same dimensions as (i) but with thinner walls (500 c.c.), and (iii) a 
thick glass reagent bottle (300 c.c.), in the proportions indicated. 
The flasks having been corked, and luted with sealing wax, were 
clamped to a retort stand in such a way as to ensure equal illumin¬ 
ation, and exposed on the roof of the College until September 24th, 
when they were taken in and worked up in a similar manner to the 
other experiments. From the solution in (i) were obtained 1*56 g. 
(31*2%); from the solution in (ii), 1*88 g. (37*2%); and from the 
solution in (iii), 1*00 g. (33*3%), of the hydroxyazo-compound. 
Further experiment showed, however, that when the light of a 
mercury vapour lamp was employed, a solution in glass was only 
one-half as much transformed as one in quartz. 

C. Action of electric light. A metal-filament lamp was immersed 
in a solution of 7*5 g. of azoxybenzene in 750 c.c. of alcohol, and lit 
for 50 hours. The solution had then only slightly changed colour, 
and on working up yielded pure azoxybenzene quantitatively. 

2 : 2 f -Azoxytoluene.—2 : 2'-Azoxytoluene (3 g.), dissolved in 85% 
alcohol (300 c.c.) and illuminated for 50 hours by means of the 
mercury vapour lamp, on transference to ethereal solution and 
extraction with 8% sodium hydroxide yielded practically nothing. 
The ether was removed, and the red, crystalline product added to 
a solution of 5 g. of 2 :2'-azoxytoluene in alcohol, also previously 
ill umin ated. The whole was then fractionally crystallised from 
alcohol. The less soluble fractions were identified as 2 : 2'-azoxy- 
toluene, the more soluble ones after purification and distillation 
under reduced pressure (b. p. 164°/3 mm.) melted at 47*5—48*5° 
and formed orange-red needles giving a deep-red solution in alcohol 
(Found : N, 12*4. C 14 H 14 ON 2 requires NT, 12 *4%). 

Sixteen grams of 2:2 / -azoxytoluene were dissolved in 650 c.c. 
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of benzene and illuminated for 50 hours. The solution, which had 
turned deep red, was concentrated, and extracted with 8% sodium 
hydroxide solution, to which it yielded nothing. After removing 
the benzene, and shaking with sodium hydroxide solution for 3 days 
(with negative results), the product was fractionally crystallised 
from alcohol. Together with unaltered initial material, a very 
small amount of red needles, m. p. 92—93°, closely resembling in 
appearance the other hydroxyazo-compounds, was obtained, but 
not in sufficient quantity for analysis. 

3 : 3 '-Azoxytoluene .—This substance was prepared by the method 
of Buehka and Schachteback ( Ber ., 1889, 22, 834), with slight 
modification. The purification of the azoxy-compound from traces 
of the nitro-compound sufficient to prevent crystallisation proved 
difficult, but the following procedure gave satisfactory results. The 
reduction mixture was steam-distilled, and the residue extracted 
with ether. After removal of as much of the ether as possible by 
distillation, the product was taken up in absolute alcohol and 
the last traces of ether were removed by heating on the water- 
bath. On dilution with a few drops of water and cooling in a 
freezing mixture, crystals of 3 : 3'-azoxytoluene separated. Further 
purification by crystallisation from 85% alcohol presented no 
difficulty. 

Two flasks containing, respectively, 5 g. and 1-55 g. of 3 : 3'-azoxy- 
toluene dissolved in 500 c.c. of 85% alcohol were illuminated for 
52 hours. On working up as in the case of azoxybenzene, 0*38 and 
0*17 g. respectively were obtained of a yellow powder, which after 
recrystallisation from alcohol formed red needles, m. p. 61*5—62*5° 
(Found : N, 12-6. C 14 H 14 ON 2 requires 1ST, 12*4%). 4-Hydroxy- 
3 : S'-dimethylazobenzene melts at 115°, and 6-hydroxy-3 :3'-di- 
methylazobenzene at 95°. Therefore this substance is probably 
2-hydroxy-Z : 3' -dimethylazobmzem. 

4 : 4t'-Azoxytoluene.—Preparation : see p. 2378. 

Action of light. 4 : 4'-Azoxytoluene (4*72 g.), dissolved in 85% 
alcohol (500 c.c.) and illuminated for 54 hours, was treated as in 
the case of azoxybenzene, 6 litres of 8% sodium hydroxide solution 
being necessary to complete the extraction. 3-Hydroxy-4:4'-azoxy- 
toluene (yield 0*47 g., or 10%), ra. p. 150—151°, and otherwise 
agreeing with Macpherson and Boord’s description (J. Amer. Ghem. 
Soc 1911, 33, 1531), was obtained. 

4 : 4/-Azoocyaniaole .—4 : 4 / -Azoxyanisole (4*34 g.), dissolved in 
alcohol (500 c.c.), was illuminated for 50 hours, the solution being 
kept boiling to retain the azoxy-compound in solution. On cooling, 
3*21 g. of pure azoxyanisole separated out (m. p. after recrystal¬ 
lisation 116*7°, clearing point 134°). The united mother-liquors 

4 k* 
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were evaporated, and the residues dissolved in ether and extracted 
with 1 litre of 16% sodium hydroxide solution. An orange, alkaline 
extract was obtained, which turned red on acidification, depositing 
a minute crop of red crystals, melting after crystallisation at 121°, 
but in too small quantity for further examination. On evaporation 
of the ethereal solution a further quantity (0*5 g.) of p-azoxyanisole 
was obtained. 

In a previous experiment a curious effect was observed whereby 
a solution which had been illuminated for 17 hours became deep 
green, almost black. On illumination for a further period of 
11 hours this colour faded to orange. 

4 : 4' -DieMoroazoxybenzene. —4 : 4 / -Dichloroazoxybenzene (5 g.) 
dissolved in boiling 85% alcohol was illuminated for 50 hours at 
the boiling point. After working up in the usual way, making 
use of sodium hydroxide solution, a small yield of red crystals, 
m. p. 171—172°, was obtained (Found : N, 9-8. C 12 H 8 0N 2 C1 2 
requires N, 9-5%). 

2 ; 2'-DiaminO’4:: i'-azoxytoluene. —Three solutions were illumin¬ 
ated, a 1% solution in alcohol, a solution of the hydrochloride in 
water, and a similar solution in water containing excess of hydro¬ 
chloric acid. In each case the product was much contaminated 
with tar. After removal of this by boiling alcoholic solutions with 
animal charcoal, and fractionally crystallising from alcohol, small 
quantities of red needles, m. p. 210°, were obtained. Graeff (Ann- 
aim , 1885, 229, 346) gives for a hydroxyazotoluidine obtained by the 
action of sulphuric acid on 2 : 2'-diamino-4 :4'-azoxytoluene a 
melting point 212°. 

Reported Isomerism of 4 : 4 ' -Azoxyioluene. —Samples of 4 : 4'-azoxy- 
and azo-toluene were prepared from ^-nitrotoluene by the method 
of reduction by zinc dust and ammonium chloride applied by us 
to other mtro-eompounds (Cumming and Steel, Cumming and 
Ferrier, loc. cit .). Exhaustive fractional crystallisations from 
acetic acid and from absolute alcohol of the mixtures of azoxy- 
and azo-toluene obtained gave no trace of any compound melting 
at or about 75°. Further experiments in which the method of 
reduction employed by Jahovsky was followed in detail were 
similarly unsuccessful. The yield from the former reduction is 
10% better than from the latter. The action of 3 parts of nitric acid 
(d 1*51) does not, in our hands, give a product melting at 75°, but a 
mixture of a red substance, m. p. 202°, probably tetranitroazotoluene 
(Janoysky, Monatsh*, 1888, 9, 839), with a white substance, m, p. 
153°, The formation of the latter is favoured by increase of time 
of nitration^ As it was suspected that the substance melting at 
75° might be a solid solution of azotoluene in azoxytoluene 
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(compare Hartley and Stuart, J., 1914, 105, 309, for the case of 
azobenzene and azoxybenzene), a setting-point curve of mix tures of 
p-azo- and 'p-azoxy-toluene was prepared. This revealed, however, 
no irregularities. From the setting point, 69-95°, of the pure 
azoxy-compound, the curve rises fairly steeply to the point corre¬ 
sponding to 75° and 10% of the azo-compound; addition of azo¬ 
toluene to the azoxy-compound, therefore, does not depress the 
setting point of the latter. The curve then rises, first with slight 
concavity (relative to the composition axis) to the point corre¬ 
sponding to 140° and 99% of the azo-compound, and then steeply 
to 143-4°, the setting point of the pure azo-compound. A 50% 
mixture has a setting point of 118*5°. 

It is a pleasant duty for one of us (G. S. F.) to acknowledge 
his indebtedness to Messrs. Nobel Industries and to the Carnegie 
Trustees for scholarships during the tenure of which this work was 
carried out. 

Royal Technical College, Glasgow. [ Received , July Qth, 1925.] 


CCCXXIV,— Co-ordinated Compounds of the Alkali 
Metals . Part II* 

By Nevil Vincent Sedgwick and Frederick Mason Brewer. 

The discovery by Plant (loc. cit.) of the 4-covalent alkaline deriv¬ 
atives of ^-indoxylsptYoc^cZopentanemade it of interest to see whether 
such derivatives were formed by the simpler compounds which give 
chelate rings with multivalent metals, such as (3-diketones, p-ketonic 
esters, o-hydroxy-aromatic esters and aldehydes, and o-nitrophenols, 
the alkaline derivatives of which have hitherto been regarded as 
salts. It is possible that in some eases they are not salts, but co¬ 
valent compounds with the metal forming part of a chelate ring 
(type I) as the replaceable hydrogen does in the original compound 
(Sidgwick and Callow, J., 1924, 125, 532; Sidgwick, this vol., 
p. 907). The metallic atom might also assume a higher covalency 
of 4 or 6 (especially of 4, which is in general very stable); but it can 
only do so by forming addition compounds, either with the original 
or some similar organic compound, as happens with the ^-indoxyl 
derivatives (III), or possibly by the co-ordination of two single 
molecules, as for example of water (II). Finally a third chelate ring 

* Part I; Sidgwick and Plant, this vol., p. 209. 

4 K*2 
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might be added in the same way 3 giving a 6-covalent metallic atom 
(IV). 


(I.) X Na 

\c=0* 


(nr.) X Na X 

\s=o x X 0~x/ 


(X = C or N) 


^X-°\ x OH 2 
X Na (II.) 

Nx=(/ x oh 2 
x=x^ ^x=x 

"ir ^ Over 

x X \t V X 

0—^ISTa^—0 
X X 

0 0—H 

it i 

\x^ 


(IV.) 


It will be seen from what follows that there is considerable 
evidence for the existence of substances of the first of these types, 
and we have prepared numerous examples of the second and third, 
and some of the fourth. 


1 . Simple, Alkaline Derivatives . 

The alk alin e derivative of, say, a (3-diketone may either be a salt, 
or may have the metal covalently attached to oxygen. From the 
strong tendency of the alkali metals to ionise, we should not expect 
the compound to be covalent unless this made a further increase of 
stability possible, as through the closing of a chelate ring, which 
can happen with these compounds. Hence the alternative struc¬ 
tures are (I) a salt and (2) a 2-covalent chelate compound. In the 
first case, the substance will have the usual properties of the salt 
of an organic acid : it will be insoluble in non-hydroxylic solvents 
and soluble in water, and on heating it is likely to decompose (char) 
without melting. In the second case, we may expect non-polar 
properties; a definite melting point, and greater solubility in organic 
solvents than in water. 

The examination of the alkaline derivatives of substances of this 
kind shows that their properties are sometimes those of polar and 
sometimes those of non-polar compounds. They can behave in one 
of three ways, as the following examples show. 

(1) When a benzene solution of ethyl malonate is treated with 
sodium, the sodium derivative separates as it is formed; it is quite 
insoluble in benzene, and when heated it chars without melting: 
it behaves as a salt* 

(2) If ethyl methylmalonate is used, the sodium dissolves to form 
a clear solution, from which the compound does not immediately 
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separate even on concentration; but when once it has separated it 
is quite insoluble in benzene or toluene, (This might be ascribed 
to the formation of a colloidal solution, but the gradation of 
properties as we pass from class 1 to class 3 makes this improbable.) 

(3) If ethyl acetoacetate is used, the sodium compound is found to 
melt to a clear liquid at 108°, and to be quite soluble in hot toluene. 

These differences in behaviour suggest that the members of class 1 
are always salts; that those of class 2 are non-polar chelate com¬ 
pounds when first produced, but on separation change into a more 
stable ionised form; whilst those of class 3 are stable in the non¬ 
polar form. 

Prom our own observations and those recorded in the literature 
it appears that the majority of these compounds are of the first class. 
All the lithium derivatives we have prepared (including those of 
acetoacetic ester, acetylacetone, benzoylacetone, o-nitrophenol, 3- 
nitro-o-cresol, and quinizarin) are of this kind; they are insoluble 
in toluene and decompose on heating without fusion. Of the sodium 
derivatives, those of ethyl malonate, acetylacetone, ethyl cyano- 
acetate, methyl salicylate, salicylaldehyde, o-nitrophenol, 3-nitro- 
o-cresol, and quinizarin belong to this class. On the other hand, the 
sodium derivatives of the alkyl- and phenyl-malonic esters and 
(according to unpublished results of Dr. A. F. Titley) of 1-ketohydr- 
indene-2-carboxylic ester, behave like that of methylmalonic ester 
(class 2), and the sodium salt of ethyl picrylmalonate (Jackson and 
Soch, J. Amer. Chem . Soc., 1898, 18, 133) does not separate on 
formation, although it is only very slightly soluble in benzene. 

The sodium derivatives of acetoacetic ester, of ethyl ethylaceto- 
acetate (Wislicenus, Ber., 1874, 7, 683), and of ethyl ethanetetracarb- 
oxylate belong to the third class, and are moderately soluble in 
non-hydroxylic solvents. 

Of the comparatively few potassium derivatives examined, those 
of ethyl acetoacetate, ethyl cyanoacetate, and benzoylacetone are 
soluble to some extent in benzene and toluene, and melt at 106°, 
135—137° and 146°, respectively, so that they belong to the third 
class. Where the sodium compounds are of the second kind, their 
potassium analogues appear to behave as salts (class I), and to be 
insoluble in benzene. 

It is to be noticed that the replacement of the hydrogen attached 
to the middle carbon atom of the three (as in the esters of the 
alkylmalonic acids) promotes the stability of the non-polar form : 
this may be connected with its effect (on the Thorpe-Xngold theory) 
in closing up the chelate group. 

There is thus some evidence of the existence of chelate compounds 
fit 2-eovalent sodium and potassium. 
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2. 4- and 6-Covcdent Derivatives (.Addition Compounds ). 

Many of these metallic derivatives which are insoluble in benzene 
and toluene readily dissolve in those solvents in presence of excess 
of the mother-substance. Thus it was found that sodium ethyl 
malonate, though quite insoluble in benzene, easily dissolved on 
warming in benzene containing an excess of malonic ester. On 
further heating, a gelatinous precipitate separated, consisting of the 
sodiomalonate. This suggests that a soluble addition compound is 
formed, which dissociates on heating. Evaporation of the solvent 
in the cold left a pasty mass from which no definite compound could 
be isolated. Similar behaviour was observed with ethyl methyl- 
malonate, ethyl cyanoaeetate, acetylacetone, benzoylacetone, and 
ethyl acetoacetate, though no precipitation took place on heating. 
It is not necessary that the parent substance should be present; 
for example, sodium acetylacetone will dissolve in a benzene solution 
of acetoaeetic ester. 

The more definite salts, such as the sodium derivatives of o- 
nitrophenol, salicylaldehyde, methyl salicylate, and the oximes of 
benzil, did not dissolve in benzene solutions of the parent substance, 
but were soluble in the parent substance itself. The solid obtained 
by the action of powdered sodium on excess of methyl salicylate, 
after drying on a porous plate, melted at 144° and contained 7-8% 
of sodium '(C 8 H 7 0 3 Na 5 C 8 H 8 0 3 requires Na, 7*2%), but on washing 
with ether it lost ester continuously; it may therefore be only a 
mixture, but is more probably an unstable compound. An 
analogous compound of salicylic acid, C 7 H 5 0 3 Na,C 7 H 6 0 3 , has been 
described by Hoitsema (Z. physikal. Chem. 3 1898, 27, 312) : this 
we found not to be soluble as a whole in organic solvents : on 
prolonged treatment with benzene or ether it slowly lost salicylic 
acid, leaving a residue of sodium salicylate. 

An attempt was made to prove the formation of a compound in 
solution by observing the depression of the freezing point of a solu¬ 
tion of acetoaeetic ester in benzene on addition of the sodium 
derivative; if the latter were wholly combined, its addition would 
cause no further depression. The available concentrations were 
limited by the separation of the sodium compound or of gelatinous 
products, but the results given in the following table indicate that 
some combination takes place, although it is by no means complete; 
the calculated values of the depression caused by the sodium com¬ 
pound are on the assumption that no combination occurs. ‘ 


Per Cent. Ester... 6-42 6-43 6*40 9*06 11*57 

E. p. Depression ... 2*42° 2*42° 2*61° 3*62° 4*37° 

Per Cent. Na Deriv............. 2*56 1*52 0-S72 0*828 0*585 

further \ Calc. ............ 0*90° 0-53° 0*31° 0*29° 0*20° 

Depression / Obs. ............ 0-23° 0*18° 0*10° 0*10° 0-02° 
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Attempts to establish the formation of these compounds by means 
of solubility curves of the sodium derivative in the ester, either alone 
or in presence of toluene, were vitiated by the decomposition of the 
sodium derivative and its reaction with the ester at the temperatures 
required. 

These facts taken together render it very probable that sodium 
is capable of forming 4-covalent compounds with substances of this 
kind; but for a definite proof the isolation of the products is needed. 

Preparation of 4- Covalent Compounds . 

Derivatives of Benzoylacetone. —The sodium derivative of benzoyl- 
acetone, C 6 H 5 , C(ONa)!CH*CO*CH 3 , behaves as a salt : it has no 
definite melting point, and is quite insoluble in hydrocarbons. On 
recrystallisation from 96% alcohol, however, it became easily soluble 
in toluene. Analysis showed that the compound had taken up two 
molecules of water from the aqueous alcohol (Found: C, 54*2; 
H, 5*4; Na, 10*2. C 10 H 9 O 2 Na,2H 2 O requires C, 54*55; H, 5*9; 
Na, 10*5%). It melts at 115°, with some preliminary loss of water; 
the water was identified by its b. p., and by its action on anhydrous 
copper sulphate. It is somewhat soluble in benzene and chloroform 
The solubility in hydrocarbons is in marked contrast to the behaviour 
of the original sodium derivative, and clearly shows that the com¬ 
pound is not a hydrated salt. The closure of the chelate ring is 
evidently due to the possibility of securing, by means of the water 
molecules, a stable covalency of 4 (formula II). The 96% alcohol 
contains just enough water to form the hydrate, but not enough 
to hydrolyse the original salt; on recrystallisation from water a 
small amount of the hydrate was obtained, but the greater part of 
the compound was hydrolysed. It was not found possible to prepare 
a double compound of sodium benzoylacetone and benzoylacetone; 
if water was carefully excluded, no product was obtained, and if 
water was present, the hydrate was formed. 

A corresponding lithium compound was obtained, but it could not 
be freed from anhydrous salt (which is much less soluble in alcohol 
than its sodium analogue) by recrystallisation from alcohol. It 
was recrystallised from ethyl acetate, in which it is readily soluble 
(the anhydrous salt is insoluble). It forms lustrous, pearly plates 
(Found : Li, 3*4. C 10 H 9 O 2 Li,2H 2 G requires Li, 3*4%). 

Potassium benzoylacetone, which melts at 146° and is somewhat 
soluble in toluene, does not appear to form a stable hydrate. 

Acetoacetic Ester.— A hydrate of the sodium derivative was prepared 
by Elion (jRec. trav.chim., 1884, 3, 240); by adding the ester to a sus¬ 
pension of excess of powdered sodium hydroxide in ether (in complete 
absence of moisture) he obtained a solution of the sodium derivative 
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in ether (presumably containing a non-polar compound with, the 
ether), from which the hydrate was precipitated on adding a few 
drops of water. He describes this as a monohydrate, but his 
analyses are not very accurate. We found that it is very difficult 
to avoid the simultaneous precipitation of the anhydrous form, while 
the hydrate itself is very unstable. A freshly prepared specimen, 
precipitated by very vigorous stirring with a slight excess of water, 
melted at 102° and was completely soluble in benzene (the anhydrous 
salt melts at 108° and is practically insoluble in benzene, although 
it dissolves in hot toluene) (Found : C, 38*6; H, 6*2; Na, 12*75. 
C 6 H 9 0 3 Na,2H 2 0 requires C, 38*3; H, 6*6; Na, 12*2%). Although 
not quite pure, the compound is evidently the dihydrate. On 
standing, it decomposes, finally giving a substance of m. p. 82°, 
insoluble in benzene, which is also obtained by adding excess of 
water to Elion’s solution of the sodium derivative; from its analysis 
it appears to be the dihydrate of sodium acetoacetate (Found : 
C, 31*0; H, 6*1; Na, 14*5. C 4 H 5 0 3 Na,2H 2 0 requires C, 30*0; 
H, 5*6; Na, 14*4%). This is confirmed by the fact that whilst the 
aqueous solution of the original dihydrate when acidified becomes 
turbid (from separation of ester), that of this product remains clear 
but evolves carbon dioxide. De Forcrand {Ann. Chim. 9 1895, 5, 
405) obtained similar results. In the same way, Thorpe (J., 1900, 
77, 923) found that an aqueous solution of the sodium derivative 
of cyanoacetic ester is converted on evaporation to dryness into 
sodium cyanoacetate without any intermediate alkaline reaction. 
It is probable that the chelate form of the ester hydrate hydrolyses 
directly to the chelate isomeride of the salt hydrate. 

Acetylacetone .—The sodium derivative was converted by recrys¬ 
tallisation from aqueous alcohol, acetone, or ethyl acetate into a 
hydrate *, pearly plates, giving off water on heating, soluble in ethyl 
acetate (in which the anhydrous compound is insoluble), but not 
soluble in toluene. Very unstable : a specimen recrystallised from 
alcohol and ethyl acetate gave 0, 35*8; H, 6*8; Na, 14*1; another 
specimen gave Na, 14*5 (C 6 H 7 0 2 Na,2H 2 0 requires C, 38*0; H, 7*0; 
Na, 14*55%). The potassium derivative is similar (Found: K, 
23*0. C 5 H 7 0 2 K,2H 2 0 requires K, 22*4%); it rapidly decomposes, 
being apparently hydrolysed by its own water. 

No lithium compound could be prepared. 

Methyl Salicylate .—Only the lithium derivative forms a stable 
hydrate, produced on crystallisation from aqueous alcohol; it 
separates in plates, soluble in ethyl acetate (from which they were 
recrystaffised) and in toluene (Found: Li, 3*8. C 8 H 7 0 3 Li,2H 2 0 
requires Ii, 3*6%). On heating, it loses water gradually, and finally 
melts at about 278°. 
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Salicylaldehyde. — Lithium compound. A solution of lithium 
hydroxide added to the aldehyde immediately precipitates the yellow, 
crystalline dihydrate: glistening, yellow plates (from alcohol), 
soluble in toluene, forming a colourless solution (Pound : C, 50*5; 
H, 5*3; Li, 4*4. C 7 H 5 0 2 Li,2H 2 0requiresC, 51*2; H, 5*5; Li, 4*3%). 
It gives off water on heating, and melts indefinitely at about 228°. 

Sodium compound. Hantzsch (Ber., 1908, 39, 3089) found that 
even with excess of sodium ethoxide salicylaldehyde forms an “ acid 
salt ”—an addition product of a molecule of the aldehyde and one 
of the simple salt. We found that this compound on washing with 
warm solvents gradually reverts to the simple salt (Found: Na, 
15*9. C 7 H 5 0 2 Na requires Na, 16*0%); but by washing with cold 
ether it could be obtained pure (Found: Na, 8*7. C 7 H 5 0 2 Na,C 7 H 6 0 2 
requires Na, 8*6%); the same compound (Found: Na, 8*8%) 
separates from an alcoholic solution of the simple sodium salt 
to which an excess of the aldehyde has been added. 

Potassium ethoxide was found by Hantzsch to behave in the same 
way, except that excess of it destroys the complex. 

These double compounds are yellow, crystalline substances, 
slightly soluble in toluene, forming yellow solutions (the simple 
sodium and potassium derivatives are insoluble in toluene); they 
dissociate on heating in the solid state, and also in solution except 
in presence of excess of the aldehyde. Thus among the salicylic 
derivatives it is only with lithium that the monochelate hydrated 
form is produced; the sodium and potassium salts of the aldehyde 
give the dichelate form (formula III), corresponding to the ^-indoxyl 
compounds. These differences no doubt depend on the relation 
between the strain in the ring and the size of the metallic atom. 

o -Nitrophenol. —The ease with which salicylaldehyde forms chelate 
addition products with its salts suggested that it might do so also 
with other similar alkaline salts, such as those of the nitrophenols; 
and this was found to be so. The bright red sodium o-nitrophenoxide 
is a definite salt, soluble in water and hot alcohol, insoluble in toluene 
or ether. If salicylaldehyde is added to the solid salt the red colour 
at once disappears, the aldehyde is absorbed, and a bright yellow 
substance produced. After washing with ether, this has the com¬ 
position of an addition compound of the salt and the aldehyde (Found: 
Na, 8*4. 0 6 H 4 0 3 NNa,C 7 H 6 0 2 requires Na, 8*1%). It dissolves 
in toluene on warming to form a yellow solution, which on further 
heating loses its colour and deposits the red sodium o-nitrophen¬ 
oxide; excess of aldehyde prevents this dissociation. The same 
change occurs on heating the dry solid. No similar compound is 
formed from sodium p -nitrophenoxide. The substance evidently 
has the dichelate structure (III). 5 
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When sodium o-nitrophenoxide is crystallised from alcohol contain¬ 
ing excess of salicylaldehyde, yellow, feathery crystals separate, 
mainly consisting of this substance, but with rather a high sodium 
content (9*3%) owing to some sodium salicylaldehyde and free nitro- 
phenol having been formed : the latter has no tendency to form an 
addition compound, and remains in solution. 

The yellow compound cannot be a mixture of nitrophenol and 
sodium salicylaldehyde, since its composition does not change on 
washing with ether. 

Lithium forms no corresponding compound; the yellow crystals 
which were produced were found to be impure dihydrate of lithium 
salicylaldehyde. 

Potassium o-nitrophenoxide in the anhydrous state is red, but it 
easily takes up water to form an orange hydrate, 2C 6 H 4 Q 3 NK,H 2 0 
(Fritzsche, Annalen , 1859,110, 153; Frazer, Amer. Cham . J., 1903, 
30, 309). This hydrate is slightly soluble in toluene, in which the 
red salt is quite insoluble. Either form yields with salicylaldehyde 
an ochre-yellow compound which is difficult to purify. When freshly 
made, it contained 13*8% of metal (C 6 H 4 0 3 NK,C 7 H 6 0 2 requires 
K, 13*0%); it rapidly became discoloured, and after recrystallis¬ 
ation from alcohol contained excess of potassium, owing, no doubt, 
to interaction between the aldehyde and the salt. 

3-Nitro-o-cresol .—This gave very similar results. The dry sodium 
salt changed from red to yellow on addition of salicylaldehyde, 
and the product after washing and drying gave Na 7*4% 
(C 7 H e 0 3 NNa,C 7 H 6 0 2 requires Na, 7*7%). The potassium salt 
absorbed a large excess of the aldehyde (possibly forming a 6-co- 
valent derivative), but no definite compound could be isolated. 
When the lithium salt of the nitrocresol was recrystallised from an 
alcoholic solution of the aldehyde, only the dihydrate of lithium 
salicylaldehyde was obtained. 

When acetylacetone was substituted for salicylaldehyde, no sub¬ 
stance of this type was produced; either no reaction took place, 
or the alkaline salt of acetylacetone was formed* 

Quinzarin .—The derivatives of 1-hydroxyanthraquinone can form 
chelate rings with the multivalent metals of the same type as those 
given by the fi-diketones, and their lakes are rocogniscd as chelate 
compounds (Werner, Morgan). Quinizarin (1 :4-dihydroxy- 
anthraquinone) was selected as having each hydroxyl in the 
proper position for chelation with a quinone oxygen. Its alkaline 
salts (which have two atoms of metal in the molecule) are not 
easy to purify, as they are somewhat insoluble, and easily 
hydrolyse with separation of quinizarin. They are best recrystal¬ 
lised from solutions containing excess of alkali. The lithium salt is 
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reddish-purple, the sodium and potassium salts are deep blue- 
purple. 

When the sodium salt was treated with salicylaldehyde it turned 
brown, and after standing for 24 hours and washing with ether 
containing salicylaldehyde, a salmon-pink solid was left. It is 
decomposed by organic solvents with separation of the purple salt, 
but it is remarkable that it can be heated under water without any 
sign of hydrolysis. Analysis showed that this compound is formed 
by the addition of four molecules of salicylaldehyde to one mole¬ 
cule of the disodium salt (Found : C, 64-3; H, 4*0; Na, 6*1. 
C 14 H 6 0 4 Na 2 ,4C 7 H 6 0 2 requires C, 65*3; H, 3*9; Na, 6*0%) : an 
addition compound formed from 1 mol. of a monosodium salt and 
one of the aldehyde would have almost the same composition 
(C, 65*6; H, 3*4; Na, 6*0), but that it cannot have this formula is 
shown by its method of preparation, and is confirmed by the com¬ 
position of the lithium compound (below). 

The potassium compound was made in the same w r ay, and had 
very similar properties (Found: K, 9*7. C 14 H 6 0 4 K 2 ,4C 7 H 6 0 2 
requires K, 9*7%). 

These are the first recognised 6-covalent compounds of the alkali 
metals. If their formulation is correct, lithium cannot form an 
analogous compound, since its covalency is limited to 4; the salt 
can therefore only take up one molecule of the aldehyde for each 
lithium atom. The lithium compound was made in the same way 
as those of sodium and potassium, and has very similar properties. 
Analysis showed that it has the expected composition (Found : 
Li, 2*7. 0 14 H 6 O 4 Li 2 ,2C 7 H 6 O 2 requires Li, 2*8%). 

We are indebted to Messrs. Brunner Mond and Co. for a grant from 
which part of the expenses of this research were met. 

Dyson* Perrins Laboratory, Oxford. [ Received , August 1 th , 1925.] 


CCCXXV .—Studies in the Configuration of aa-Dibromo- 
dibasic Acids. Part IV. The aa-Dibromoghitaric Acids, 
By Harry Raymond In& and William Henry Perkin, jun. 

The previous sections of this research dealt with the determination 
of the configurations of the aa'-dibromoadipic acids (J., 1921, 119 , 
1393; 1924, 125 , 1492) and of the aa'-dibromosuccinic acids (J., 
1924, 125 , 1814). The present communication contains the results 
of similar investigations with the aa'-dibromoglutaric acids. 

The dibromination of glutaric acid yields a mixture of two 
isomeric aa'-dibromoglutaric acids, one of which melts at 170® and 
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the other at 142° {Ingold, J., 1921, 119, 312). The same two acids 
had previously been obtained by Thiele (Annalen, 1901, 314, 305) 
by the oxidation of the cis- and Zrans-forms of 1 :4-dibromo- 
2 : 3-dihydroxycyctopentane, the ci-s-form yielding the high-melting 
and the tram -form the low-melting acid; from this result Thiele 
concluded that the acid, m. p. 170°, was the meso-isomeride and the 
acid, m. p. 142°, the racemic acid. Ingold (loc. cit.) has brought 
forward evidence, based on the conversion of the dibromoglutarie 
acids into the corresponding dihydroxyglutaric acids, which supports 
Thiele’s conclusions. 

The ethyl esters of the aa'-dibromoglutarie acids are obtained as 
a liquid mixture of the meso - and dZ-isomerides when the dibromin- 
ated glutaryl chloride is poured into ethyl alcohol, and this mixture 
cannot be separated into its components with certainty. One of 
the methyl esters, however, viz., that of the dibromoglutarie acid, 
m. p. 170°, melts at 45°, whereas that of the acid, m. p. 142°, is a 
liquid, so that these esters can be obtained separate. 

The dibromoglutarie esters were converted by heating with 
sodium iodide in alcohol into the corresponding di-iodo-esters. 
Methyl di-iodoglutarate was found to exist in a solid form, m. p. 75°, 
and a liquid form. 

It was thought possible that the condensation of ethyl ccoc'-di- 
bromoglutarate with 2 mols. of ethyl sodiomalonate might proceed 
in either or both of two ways, leading to a c^cZobutane or to a 
cycZopropane ester. Thus trimethylene dibromide with ethyl 
sodiomalonate yields c^cZobutanediearboxylic ester, but the (3(S-di- 
substituted aa'-dibromoglutaric esters which have been investigated 
yield only cycZopropane derivatives. aa'-Dibromo-pp-dimethyl- 
glutarie ester, C0 2 Et-CHBr-CMe 2 -CHBrC0 2 Et, was found by 
Perkin and Thorpe (J., 1901, 79, 729) to yield not the expected 
c^cZobutane ester, but only the c^cZopropanemalonic ester (I), which 
by the further action of sodium ethoxide gave rise to the yellow 
sodium derivative (II) of ethyl ketodimethyl6zcg/cZopentanetricarb- 
oxylate. Similar results were obtained by Ingold and Thorpe (J., 
1919, 415, 320) during the investigation of the action of ethyl 
sodiomalonate on aoc'-dibromoc^/cZohexane-l : 1-diacetic ester. 


Me 2 0<^ H ' CO 2 Efc 

2 C(C0 2 Et)-CH(C0 2 Et) 2 

(I-) 


Me 2 0<? (CO 2 Et) ‘fi* ONa 
2 C(C0 2 Et)-OC0 2 Et 

(II.) 


CH^'CO^t W<9H-CO a Et 

CBr-COjEt • 2 X(C0 2 Et)-CH(C0 2 Et) 2 

(in- - - (iv.) 


CB>CO a Et 

CH 2 /\0(C0 2 Et) 2 

CH-C0 2 Et 

(V.) 
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The product of the condensation of a a' - dibr omoglut aric ester 
with sodiomalonic ester might be either c^c?opropane-l : 2-dicarb- 
oxylic-l-malonic ester (IV), derived from the intermediate 1-bromo- 
q/cZopropane-l: 2-dicarboxylic ester (III), or ca/cZobutane-l : 2 : 2 : 3- 
tetracarboxylic ester (V). Actually both types of ring formation 
take place. The product of the condensation of ethyl dibromo- 
glutarate * with ethyl sodiomalonate in alcoholic solution consisted 
of unchanged ethyl malonate, ethyl bromocycZopropanedicarboxylate 
(III), and an oil of the composition C^H^Og. The bromo cyclo- 
propane ester was identified by hydrolysis to 1 -bromocycZopropane- 
1 :2-dicarboxylic acid, m. p. 175°, first described by Ingold (loc. 
cit. , p. 314). The oil C 16 H 24 0 8 was shown to be ethyl cyclobutane- 
tetracarboxylate (V) by the following facts : it did not yield a methyl 
derivative when digested with sodium ethoxide and methyl iodide 
and therefore did not contain a hydrogen atom replaceable by 
sodium; and on hydrolysis with hydrochloric acid it was converted 
into a mixture of the cis- and Znms-forms of c^/eZobutane-l : 2 : 3-tri- 
carboxylic acid, first obtained by Goldsworthy and Perkin (J. } 
1914, 105, 2665). The yield of ethyl cycZobutanetetracarboxylate 
was not more than 40—50% of the theoretical and the hvomocydo- 
propane ester represented only a small fraction of the original 
dibromo-ester. The red aqueous solution left after extraction of 
the oily product of the reaction contained the remainder of the 
product and on acidification it deposited a thick, red oil which could 
not be distilled owing to decomposition, but w r hich on anafysis gave 
figures corresponding to C 14 H 18 0 7 , which formula differs from that 
of the cydobut&ne ester, C 16 H 24 0 8 , by C 2 H e O. It is difficult to see 
how the c^cZobutane ester (V) could lose alcohol under the con¬ 
ditions of the experiment, but the c^/cZopropanemalonic ester (IV) 
might do so with the formation of the bridged-ring ester (VI), and 
although the ester of formula (IV) was not actually isolated, it 
seems probable that it would result from the action of sodiomalonic 
ester on the bromoq/eZopropane ester (III) and that it would easily 
lose alcohol under the conditions of the experiment with the form¬ 
ation of the ester (VI) and thus escape isolation. 

In order to test this view, ethyl bromoct/cZopropanedicarboxylate 
(III) was condensed with ethyl sodiomalonate. No c^/cZopropane- 
malonic ester (IV) was isolated, but the aqueous extract of the 
reaction product yielded on acidification a thick, red oil which, 
after purification by solution in alkali and reprecipitation, had the 
composition C 14 H 18 0 7 and was evidently identical with the substance 
described above. 

* Unless otherwise stated, the ethyl and methyl dibromoglutarates used in 
these condensations were mixtures of the meso- and dZ-isomerides. 
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This experiment was repeated, using methyl 1 -bromocyclopropcme- 
1 : 2-dicarboxylate and methyl sodiomalonate, a pale yellow, crystal¬ 
line sodium derivative (VII) being obtained. This substance is 


(TI 00 H » < iScoSS-CO,Et 


CH,<?( C 0 W 0Na (VII.) 

2 C(C0 2 Me)-C-C0 2 Me 


(viii.) cH 2 <9( c ° 2Me) ‘9° 

2 C(C0 2 Me)-CH-C0 2 Me 


fairly soluble in water, the neutral solution giving a red colour 
with ferric chloride. When the aqueous solution is acidified, a 
solid is precipitated which after recrystallisation melts at 200°, has 
the composition C 11 H 12 0 7 , and in our view is most probably methyl 
keto&icycfcpentanetricarboxylate (VIII). 

If this view is correct, this substance has a special importance, 
because it is the parent substance of ethyl ketodimethylfocyeZo- 
pentanetricarboxylate discovered by Perkin and Thorpe (loc. cit .), 
which has been the subject of so much important investigation at 
the hands of Professors Thorpe and Ingold and their collaborators. 
The substance described by us is being submitted to a detailed 
examination in Professor Ingold's laboratory. 

It is evident, therefore, that in the condensation of dibromo- 
glutaric ester with sodiomalonic ester two reactions take place 
simultaneously, the one leading to a cycfobutane and the other to 
a cyclopropane ester. In alcoholic solution these two reactions 
proceed to about equal extents, but in the absence of alcohol, 
e.g., in benzene solution, the cyctabutane ring formation pre¬ 
dominates, the yield of cycZobutane ester rising to 70—80% of the 
theoretical. 

Ethyl dibromoglutarate was also condensed with the sodium 
derivatives of cyanoacetic, benzoylacetic, and acetoacetic esters. 
With ethyl sodiocyanoacetate in alcoholic solution, a 70% yield 
of ethyl 2-cyanocyelobutane-1 : 2 : 3 -tricarboxylate (IX) was obtained, 
together with a small amount of ethyl bromocycZopropanedicarb- 
oxylate. There was no evidence of the formation of a bridged-ring 
ester. The cyanocycfobutane ester (IX) on hydrolysis gave a 
mixture of the cis- and tmns -modifications of cycZobutane-1: 2 : 3- 
tricarboxylic acid. 

The condensation of dibromoglutaric ester with ethyl sodio- 
^ might give rise either to a benzoylcycfobutane 

ester (X) or to a six-membered heterocyclic ester (XI). Actually 
ethyl 2-benzoylcjclobutane-l : 2 : 3-tricarboxylate (X) is formed to 
the extent of 30% of the theoretical, as was shown by its hydrolysis 
to benzoic acid and cycZobuianetricarboxylio acid. The other 
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products of the reaction were unchanged ethyl benzoylacetate and 
ethyl bromocycZopropanedicarboxylate (III). 


CH*C0 2 Et 
CH 2 / NcR*C0 2 Et 
CH-C0 2 Et 
CH(C0 2 Et)-C-C0 2 Et 

0H a <^ ^CPh (XI.) 

CH(C0 2 Et)-0 


(IX, R=CN; X, R=COPh.) 

0H-C0 2 Et 

(XII.) CH 2 / \c(C0 2 Et)-C0Me 
CH*C0 2 Et 


Similar results were obtained in an investigation of the action 
of dibromoglutaric ester on ethyl sodioacetoacetate, ethyl 2-aceto- 
cyclobzitane-1 : 2 : 34ricarboxylate (XII) being formed in about 30% 
yield. Attempts to hydrolyse the benzoyl- and acetyl-c?/cZobutane 
esters so as to obtain the corresponding acyl-c^/cZobutane acids were 
not successful, the acyl groups being removed by alcoholic potash 
even in the cold. 

The ethyl dibromoglutarate used in all the condensations de¬ 
scribed above was a mixture of the meso- and dZ-isomerides and 
consequently it was important to discover whether ethyl cyclo - 
butanetetracarboxylate formed from it was also a mixture. That 
this ester can exist as two stereoisomerides will be obvious from a 
consideration of the figures set out below, where X represents the 


ester group : 

H 

X /X\ X 

(a) X x X 

H \ i / H 

V 

X 


X H 

X x >V 

X 


H0 a 9 /X 90 2 h ho 2 9 /i\ <?o 2 h ko 2 <? /i\ h 


7\ H \ T 

(c) X po,h /9 
H \gZ H 


« >9 <«>?< 

= \x/ h h 

Y 

co 2 h 


H /T 
\fy cOjjH 

V 

co 2 h 


(a) represents a non-resolvable meso-form ■which, would on. 
hydrolysis and loss of carbon dioxide yield either or both of the 
two possible meso-ionos of cycfobutane-l: 2 : 3-tricarboxylxc aoid 
(c and d). (b) represents a racemic form which on hydrolysis and 
loss of carbon dioxide could give rise only to the racemic form (e) 
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of cycZobutanetricarboxylic acid. That the cycZobutane ester 
obtained in these condensations was actually a mixture of the 
two possible forms was made probable by the fact that two cyclo - 
butanetricarboxylic acids were obtained by its hydrolysis, and it 
was confirmed by employing methyl dibromoglutarate with methyl 
sodiomalonate; two forms of methyl cyolobutanetetracarboxylate 
were then obtained, one a solid, m. p. 78°, and the other a liquid, 
b. p. 193—195°/15 mm. In the same way with methyl sodio- 
cyanoacetate, two forms of methyl cyanoeyclobutanetricarboxylate 
were obtained, one a solid, m. p. Ill—112°, and the other a liquid, 
b. p. 195 0 /11 mm. 

The meso- and dl- isomerides of methyl dibromoglutarate can be 
obtained separately in the pure state, since one of them is a solid (see 
p. 2393), so that it was important to discover whether each of the pure 
isomerides gave only one cycZobutane ester or a mixture of the two 
possible forms. The pure solid and liquid forms of methyl dibromo¬ 
glutarate were separately condensed in benzene solution with methyl 
sodiomalonate and in each case a mixture of the two modifications 
of methyl cycZobutanetetracarboxylate was obtained. Similarly 
with methyl sodiocyanoacetate in alcoholic solution, a mixture of 
the two forms of methyl cyanoeyclobutanetricarboxylate was ob¬ 
tained from both the solid and the liquid form of methyl dibromo¬ 
glutarate. Consequently no conclusion can be drawn from these 
condensations as to the configuration of the dibromoglutaric acids 
corresponding to these esters. 

Moreover it was found that the liquid methyl dibromoglutarate 
was readily transformed into the solid isomeride by sodium meth- 
oxide in methyl-alcoholic solution. This transformation is analogous 
to that which occurs with the aa'-dibromo- and aa'-di-iodo-adipic 
esters (compare Part II, J., 1924, 125, 1945). The transformation 
did not appear to be quantitative, but as methyl dibromoglutarate 
reacts very readily with sodium methoxide with loss of hydrogen 
bromide even at low temperatures, it was difficult to be certain 
on this point. The liquid modification of methyl di-iodoglutarate 
was also largely transformed by sodium methoxide in methyl- 
alcoholic solution into the solid isomeride; but part of the di-iodo- 
esteoc was converted into the iodocycZopropane ester, which on 
hydrolysis gave 1 -iodoeyalopropane- 1: 2 -dicarboxylic acid , m, p, 
175—176°. 

Of the two forms of methyl cyclob utanetetracarboxylate, it is 
probable that the liquid form corresponds to the configuration 
(a) and the solid to the racemic configuration (b) (p. 2391), The 
two esters were separately hydrolysed under identical conditions. 
The cycZobutanetricarboxylic acid obtained from the solid ester 
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melted at 171—172° and is therefore identical with the acid termed 
trans by Goldsworthy and Perkin (loc. cit.). The acid obtained 
from the liquid ester melted at 144—145° and is consequently 
identical with the acid named cis by these authors. It seems 
probable that the high-melting acid has the trans or racemic con¬ 
figuration (e) and that the low-melting acid has one of the cis- 
or meso-configurations (c and d). 

An attempt was made to settle the configuration of the acid, 
m. p. 171—172°, by resolution into optical enantiomorphs, but 
unexpected difficulty was encountered. After six recrystallisations 
of the brucine salt of this acid, only a very slightly dextrorotatory 
acid was obtained. A second attempt with quinine as the active 
base was more successful, an acid of [a]Jf 3T34° being obtained, 
but the pure d-ca/cZobutanetricarboxylic acid has not yet been 
isolated. Sufficient evidence, however, has been obtained to indi¬ 
cate that the high-melting acid has the ^-configuration (e). It 
is hoped to investigate further the configurations of the cyclo - 
butanetricarboxylic acids. 

Experimental. 

The aa' -Dibromoglutaric Esters. —The methyl and ethyl esters of 
the aa'-dibromoglutaric acids were prepared from glutaric acid by 
Ingold’s method (J., 1921, 119, 316), mixtures of the meso- and 
cK-isomerides being obtained. Ethyl aa'-dibromoglutarate dis tilled 
at 162°/14 mm. (Pound: Br, 46*4. Calc., Br, 46*2%), and the 
methyl ester at 150°/14 mm. (Pound : Br, 50*2. Calc., Br, 50-3%). 

The methyl ester of the meso-dibromoglutaric acid, m. p. 170°, 
was obtained by boiling the pure acid in methyl alcohol containing 
10% of its weight of sulphuric acid. After being distilled under 
reduced pressure, this ester solidified and was recrystallised from 
methyl alcohol. Methyl meso-oca '-dibromoglutarate so obtained melts 
at 45° (Pound : Br, 50*5. C 7 H 10 O 4 Br 2 requires Br, 50*3%). 

The methyl ester of the dl- dibromoglutaric acid, m. p. 142°, 
obtained in a similar manner was an oil, b. p. 143—145°/10 mm. 

The aa' -Di-iodoglutaric Esters. —Methyl dibromoglutarate was 
heated in methyl-alcoholic solution with sodium iodide, and the 
product poured into ice-water. The semi-solid mass so obtained 
was filtered and the solid recrystallised three times from methyl 
alcohol. Methyl aa' -di-iodoglutarate crystallises in prisms, m. p. 75° 
(Pound : 1/61*8. C 7 H 10 O 4 I 2 requires I, 61*6%). 

The oil left after filtering off the solid ester was extracted with 
ether, the ether solution washed with sodium thiosulphate solution 
to remove free iodine, then with water and finally dried with sodium 
sulphate. After evaporation of the ether a pale yellow oil was 
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left which, showed no sign of crystallisation at — 20° (Found: 
I, 61*9%). This liquid methyl di~iodoglutarate gradually turns brown 
owing to the liberation of free iodine and is slowly transformed 
into the stable solid isomeride. It cannot be distilled without 
extensive decomposition. 

Action of Sodium Methoxide on the Dibromo - and Di-iodo-glutaric 
Esters .—Liquid methyl dibromoglutarate (7 g.), dissolved in methyl 
alcohol (10 c.c.), was treated with a solution of sodium (0*25 g.) 
in methyl alcohol (10 c.c.); after 10 minutes, 5 g. of the solid ester 
had crystallised. With a larger proportion of sodium methoxide, 
sodium bromide is precipitated and methyl bromocs/cfopropane- 
dicarboxylate formed. 

Liquid methyl di-iodoglutarate was treated in a similar maimer. 
A small proportion of the solid isomeride crystallised, but the 
di-iodo-ester reacted readily with sodium methoxide with the 
formation of an iodoc?/cZopropane ester and sodium iodide even at 
- 20 °. 

At the ordinary temperature methyl di-iodoglutarate is rapidly 
converted by sodium methoxide into methyl iodocs/cZopropane- 
dicarboxylate, which on hydrolysis with hydrochloric acid yields 
1 -iodocyvlopropane- 1: 2-dicarboxylic acid . This acid is readily 
soluble in water but can be recrystallised from hydrochloric acid; 
it melts at 176—177° (Found: C, 23*6; H, 1*9; I, 49*8. C 5 H 5 0 4 I 
requires C, 23*4; H, 1*9; I, 49*6%). 

Condensation of the aa '-Dibromoglutaric Esters with Sodio- 
maionic Ester .—Sodium (5 g.) was dissolved in alcohol (80 c.c.), 
treated with ethyl malonate (36 g.), the whole cooled in ice, and 
ethyl dibromoglutarate (38 g.) added slowly. After standing for 
an hour, the mixture was boiled on the steam-bath for an hour. 
The product was poured into water, the oil extracted with ether 
and, after evaporation of the ether, fractionated under 12 mm. 
The following fractions were obtained : (1) below 110°; (2) 110— 
170°; (3) 190—200°. Fraction (1) consisted of unchanged ethyl 
malonate; fraction (2) was hydrolysed with hydrochloric acid, and 
the acid obtained recrystallised from acetone-benzene. It was 
identified as 1 -bromoeycfcpropane-1; 2-dicarboxylic acid, m. p. 175° 
{Jhgold, toe. cit) (Found: C, 28*6; H, 2*4; Br, 38*2. Calc., C, 
28*7; H, 24; Br, 38*2%); when treated with aniline in ether, 
it gave a characteristic salt, m. p. 132°. Fraction (3) was redis¬ 
tilled and obtained as an oil, b. p. 195—198°/12 mm., which proved 
to be ethyl cyclobutane-1:2 : 2 : 3 -tetraearboxylate (V) (Found: 0, 
56*0; H, 7*1. C 16 H 24 O s requires C, 55*8; H, 7-0%); the yield 
was about 50% of the original dibromoglutaric ester. 

; The aqueous solution obtained after extracting the oil with 
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ether was acidified, the red oil formed extracted with ether, and the 
ether solution washed with water and dried with calcium chloride. 
The oil left after evaporation of the ether could not be distilled 
without decomposition, but after remaining in a vacuum over 
sulphuric acid for some time it had the composition C 14 H 16 0 7 
(Found: C, 55-7; H, 6-2. Calc., C, 564; H, 6-0%). It is con¬ 
sidered to be a bridged-ring ester of constitution (VI). A thick red 
oil of identical composition and character was obtained by the 
following condensation: sodium (2-5 g.) was dissolved in alcohol 
(50 c.c.), treated with ethyl malonate (18 g.) and with ethyl bromo- 
cycfcpropanedicarboxylate (29 g.), the mixture boiled on the steam- 
bath for an hour and then poured into water. No cyclop ropane- 
malonic ester was found, but on acidifying the aqueous solution 
the bridged-ring ester was precipitated. 

In order to discover whether one or two cycZobutane esters were 
formed in the condensation of dibromoglutaric ester with malonic 
ester the condensation was repeated with the methyl esters. The 
reaction product was separated into unchanged methyl malonate, 
methyl bromoc^dopropanedicarboxylate, and methyl c^cZobutane- 
tetracarboxylate, which distilled at 193—195°/15 mm. and partly 
solidified in a freezing mixture. The semi-solid mass was pressed 
on porous plate, and the dry solid so obtained recrystallised from 
aqueous methyl alcohol. Solid methyl cyclobutane-l : 2 : 2 : 3-tetra- 
carboxylate crystallised in needles, m. p. 78° (Found: C, 50*0; 
H, 5*6. C 12 H 16 0 8 requires C, 50*0; H, 5*6%). The oil was ex¬ 
tracted from the porous plate with ether and, after evaporation of 
the ether, distilled. Liquid methyl cyclobutane-l : 2 : 2 : 34etra- 
carboxylate distilled at 193—195°/15 mm. and showed no sign of 
crystallisation at — 20° (Found; C, 50*2; H, 5*5%). The total 
yield of methyl cydobutane ester was about 30%. 

This condensation was also performed in dry benzene solution. 
Sodium (5 g.) was finely powdered under benzene, treated with 
methyl malonate (29 g.), and the whole heated on the steam-bath 
until the sodium had disappeared. Methyl dibromoglutarate 
(34 g.) was added, and the mixture boiled for 2 hours. The product 
was washed with water, the benzene distilled off, and the residual 
oil fractionated, a 70—80% yield of ct/cZobutane ester being thus 
obtained. 

The pure meso- and dl- isomerides of methyl dibromoglutarate 
were separately condensed in benzene solution with methyl malonate 
and in both cases a mixture of the solid and liquid forms of methyl 
cydobutanetetracarboxylate was obtained. 

Synthesis of the Bridged-ring Sodium Derivative (VIII).—Methyl 
dibromoglutarate was treated in methyl alcohol with sodium 
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raethoxide, the product poured into water, the oil extracted with 
ether, and the crude ester fractionated, methyl 1-bromocyclo- 
propane-1 :2 -dicarboxylate distilling at 134—135°/15 mm, (Found ; 
Br, 33*5. C 7 H 9 0 4 Br requires Br, 33*7%). 

Sodium (6*5 g.) was dissolved in methyl alcohol (80 c.c.), mixed 
with methyl malonate (19 g.) and methyl bromoc^cZopropanedi- 
carboxylate (33 g.), and the whole boiled on the steam-bath for 
6 hours. The yellow solid formed was filtered off, stirred with a 
little water to remove sodium bromide, and again filtered. The 
sodium derivative was recrystallised from methyl alcohol, in which 
it was sparingly soluble (Found: Na, 8*0. C 11 H 11 0 7 Na requires 
Na, 8*3%). 

The aqueous solution of the sodium derivative was acidified, 
and the precipitated solid purified by solution in ammonia and 
reprecipitation. It was recrystallised from chloroform-carbon 
tetrachloride and finally from aqueous methyl alcohol. The sub¬ 
stance melted at 200° and is provisionally represented by formula 
(VIII) (Found: C, 51*5; H, 5*0. C n H 12 0 7 requires C, 51*5; 
H, 4*7%). 

Condensation of the xx'-Dibromoglutaric Esters with Sodiocyano- 
acetic Ester. —Sodium (5 g.) was dissolved in alcohol, treated with 
ethyl cyanoacetate (25 g.) 5 and to the cold mixture ethyl dibromo- 
glutarate (38 g.) was added. The mixture was boiled on the steam- 
bath for 2 hours, poured into water, and the oil extracted with 
ether. No oil was formed on acidifying the aqueous solution. 
After evaporation of the ether, the residual oil was distilled under 
20 mm. and the following fractions were obtained : (1) below 120°, 
mainly ethyl cyanoacetate; (2) 120—190°, a few drops only; 
(3) 190—220°. Fraction (3) was redistilled and 23 g. of ethyl 
2-cyanocyclobutane-l : 2 : Z-tricarboxylaie (IX), b. p. 210—215°/20 
mm., were obtained (Found: N, 4*3. C 14 H 19 0 6 N requires N, 
4-7%). 

The cyano-ester was hydrolysed by cold alcoholic potash to the 
tripotassium salt of an amide-acid (Found : K, 34*5. C 8 H 6 0 7 NK 3 
requires K, 34*0%). Hydrolysis with hydrochloric acid yielded 
c^cfobutanetricarboxylie acid. 

The pure solid and liquid forms of methyl dibromoglutarate were 
separately condensed with methyl sodiocyanoacetate, and in both 
cases a mixture of a solid and a liquid form of methyl cyanocycfo- 
butanetricarboxylate was obtained, the total yield being about 60% 
of the theoretical. Solid methyl 2-cyanocyclobutane-l: 2 : 3 -tricarb- 
mylate crystallises from ether in prisms, m. p. Ill—112° (Found : 
N, 5*5. C u H 13 d 6 N requires N, 5*5%), The liquid isomeride 
distils at 185—190°/12 mm. (Found: N, 5*8%). The proportion 
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of solid to liquid isomeride formed from the solid methyl dibromo- 
glutarate was 1 : 2, and from the liquid dibromo-ester 1 : 3. 

Condensation of Ethyl act!-Dibromoglutarate with Ethyl Sodio- 
benzoylacetate. —Sodium (5 g.) was dissolved in alcohol, treated 
with ethyl benzoylacetate (41 g.), the mixture cooled in ice, and 
ethyl dibromoglutarate (37 g.) added. The reaction mixture was 
boiled on the steam-bath for 6 hours, the product poured into water, 
the oil extracted with ether and, after evaporation of the ether, 
fractionated. The following fractions were obtained : (1) below 
150°, 10 g.; this consisted almost entirely of ethyl bromo cyclo- 
propanedicarboxylate (yield about 40% of the dibromo-ester used). 

(2) 150—220°; this consisted of unchanged ethyl benzoylacetate. 

(3) 230—240°, 12 g.; this proved to be ethyl 2-benzoylcyclobutane- 
1:2: 3-tricarboxylate (Found : C, 64-4; H, 6*4. C 2 oH 24 0 7 requires 
C, 63-8; H, 6*4%); yield about 30% of the original dibromo- 
ester. 

The ester was hydrolysed by boiling with alcoholic potash. Water 
was added, the alcohol evaporated, the solution acidified, and the 
oily solid so formed extracted with ether, which removed benzoic 
acid (m. p. 121°). The aqueous solution was evaporated to dryness 
with hydrochloric acid, and the residue extracted with ether in a 
Soxhlet apparatus. The ether was evaporated, the residual syrup 
taken up with water, the solution filtered and left in a vacuum 
over sulphuric acid; cis -c?/cfobutanetriearboxylie acid, m. p. 143°, 
slowly crystallised. 

Condensation of Ethyl aa' -Dibromoglutarate with Ethyl Sodioaceio - 
acetate. —This condensation was performed in an exactly similar 
manner to that described above. The main products of the reaction 
were ethyl bromoct/ciopropanedicarboxylate (40% of theoretical) 
and ethyl 2-acetykyclobutane-l : 2 : 3-tricarboxylate (30% of theor¬ 
etical), b. p. 195°/18 mm. (Found: C, 56*8; H, 7*1. C 15 H 22 0 7 
requires C, 57*3; H, 7*0%). The ester was hydrolysed in the usual 
way with alcoholic potash and cis - c 2 /cZobut anetric arb oxylic acid, 
m. p, 143°, was obtained. 

The cycloButane-l : 2 : 3-tricarboxylic Acids. —When ethyl cyclo- 
butanetetracarboxylate was hydrolysed by boiling with hydrochloric 
acid, a mixture of two cj/cZobutanetricarboxylic acids was obtained, 
which was difficult to separate into its components. The mixture, 
which began to melt at 135° but was not completely molten until 
160°, contained cis-cycZobutane-l : 2 : 3-tricarboxylic acid, m. p. 
143°, and trans-cyclobMtoxie-l : 2: 3-tricarboxylic acid, m. p. 172° 
(Goldsworthy and Perkin, J., 1914; 105, 2665). 

The solid and liquid forms of methyl c^/cZobutanetetracarboxylate 
were separately hydrolysed in an identical manner. Each ester 
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was kept with methyl-alcoholic potash for several days, water was 
then added, and the alcohol evaporated. The solution was neutral¬ 
ised with dilute nitric acid, and the lead salt precipitated with lead 
nitrate. The lead salt suspended in water was decomposed with 
hydrogen sulphide, and the filtered solution evaporated. In each 
case a clear syrup was obtained which showed no sign of crystal¬ 
lisation. It was heated at 150° until no more carbon dioxide was 
evolved; the residue was dissolved in hot water and left in a 
desiccator to crystallise. The acid obtained from, the solid ester 
solidified completely and was recrystallised from hydrochloric acid; 
it melted at 171—172° and was therefore trans-cycldbui&ne-l : 2 : 3- 
tricarboxylic acid (Found: C, 44*5; H, 4-3. Calc., C, 44*7; H, 
4*2%). 

The acid obtained from the liquid c^/cZobutane ester deposited 
first a small amount of the trans- acid, but the residual syrup even¬ 
tually solidified and after recrystallisation from hydrochloric acid 
melted at 144—145°. It was therefore m~cycfobutane-l: 2 : 3-tri- 
oarboxylic acid (Found: C, 44-5; H, 4*1%). 

Resolution of trans-cycloidtoe-1 : 2 : 3 -tricarboxylic Acid. —The 
tricarboxylic acid (15 g.) was dissolved in hot water (360 c.c.) ? 
mixed with brucine (113 g.), the whole heated on the steam-bath, 
the excess of brucine filtered off, and the filtrate allowed to cool. 
The brucine salt which separated was recrystallised a number of 
times from water; the rotation was observed each time in a 2-dcm. 
tube, the amount of substance taken being made up to 20 c.c. 
with methyl alcohol. 

1 2 3 4 5 6 

Q. of salt 0-2406 0-1120 0*1308 0*1150 0-1034 0*1232 

a obs. —1*16° —0*41° -0*47° -0*41° -0-37° -0*44* 

[»]jf —38-3 c —36*6° —35*9° -35*0° -35-8° -36-1° 

The rotations of the different fractions did not seem to approach 
a constant value. The last fraction was therefore decomposed 
with ammonia, and the filtrate from the precipitated brucine evapor¬ 
ated to dryness with a slight excess of hydrochloric acid. The 
residue was extracted with cold acetone; after evaporation of the 
acetone, a solid acid, m. p. 165—170°, was obtained which was 
only slightly dextrorotatory (0*1070 g. made up to 20 c.c. with 
water gave a = + 0*04° in a 2-dcm. tube at 18°; whence [ot]gf = 
+ 3*7°). 

In a second attempt, the acid (1 mol.) was mixed with quinine 
(2 mote.) dissolved in alcohol; after standing for an hour, the salt 
which had separated was collected and decomposed with ammonia. 
The acid so obtained was then treated in a similar manner. The 
salt formed had the composition C 7 H 8 O 6 ,2C 20 H 24 O 2 N 2 ,0 2 H 6 O 
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(Found: C, 66*9; H, 6*9; N, 6-3. C 4? H 62 O 10 N 4 requires 0, 66-7; 
H, 7*0; N, 6-3%). After three operations, an acid was obtained, 
m. p. 155—d60°, of which 0*1340 g. made up to 20 c.c. with water 
gave ass + 0*42°; whence [a]}f = + 31*34°. Owing to the small 
amount of acid available, it was not possible to proceed further 
with the resolution, but sufficient evidence has been obtained that 
the Zraws-cycZobutanetricarboxyhc acid, m. p. 172°, has the dl- con¬ 
figuration. 

One of us (H, R. I.) wishes gratefully to acknowledge the receipt 
of a grant from the Chemical Society Research Fund which has 
defrayed a part of the cost of this investigation. 

The Dyson Perrins Laboratory, 

Oxford. [ Received , August 5 th , 1925.] 


CCCXXVI .—The Catalysis by Alumina of the Reaction 
between Ethyl Alcohol and Ammonia ♦ 

By Gordon William Dorrell. 

Previous work on this reaction has been mainly qualitative 
(Sabatier and Mailhe, Compt. rend., 1909, 148, 898; 1910, 150, 
823; 1911, 153, 160, 1204), but some quantitative results have 
been given by Smolenski (Roczniki Chem 1921, 1, 232). In a 
paper published after the present work was finished, Brown and 
Reid {J. Physical Chem ., 1924, 28, 1067) state that specially pre¬ 
pared silica gel is the most efficient catalyst for converting aliphatic 
alcohols into amines; they give no results for the conversion with 
alumina as catalyst. 

The object of this research was to study the effect of varying 
such factors as temperature, time of contact, and the ratio of 
alcohol to ammonia. Throughout, the catalyst was to be the 
same; and alumina was finally chosen in preference to other well- 
known aminating catalysts, e.g. 9 thoria, because it has scarcely any 
dehydrogenating action upon alcohol. 

Theoretical treatment by the Nernst equation shows that the 
reaction : C 2 H 6 *OH + NH 3 = C 2 H 5 *ITH 2 + H 2 0 (where the form¬ 
ation of secondary and tertiary amines is ignored) is exothermic to 
the extent of 5920 calories, and that the amount of conversion in 
the system in equilibrium, although greater at low temperatures 
than at high, does not vary rapidly with temperature. 

Apparatus and Method .—Ammonia from a cylinder (Fig. I) was 
passed through two ammoniacal solutions of potassium permangah* 



2400 DOKREll: the catalysis by alumina of the 

ate, a solution of silver sulphate, and one of caustic potash. It 
was then dried by soda-lime, and its rate of flow measured. 

Nitrogen * from a cylinder was passed through a second flow¬ 
meter, dried by calcium chloride, and allowed to bubble through 
absolute ethyl alcohol (dried by potassium carbonate and distilled), 
immersed in a thermostat. The quantity of alcohol evaporated 
was determined by its temperature and by the rate of flow of the 
nitrogen. By electrical heating, the emerging nitrogen-alcohol 
mix ture was kept at a temperature sufficiently high to prevent 
condensation of the alcohol in the connecting tubes. 


Fig. 1. 



The ammonia, nitrogen, and alcohol were allowed to mix and 
were preheated in a bulb filled with pieces of glass tube, before 
entering a second bulb containing the catalyst. Both bulbs were 
immersed in the same bath of solder, and the temperature of the 
catalyst was taken as that registered by a mercury thermometer 
(calibrated against standard thermometers) the bulb of which was 
situated Jbetween the preheater and the catalyst bulb. 

The smaller diagram- shows a modified form of the apparatus 
used in the later part of the work. By means of a second bubbler 
containing alcohol it was possible to avoid interruption in the flow 
of alcohol and ammonia over the catalyst while the products of 
the preceding experiment were being removed for analysis. In 

* ~N° difference was detected in the results of those experiments where the 
: nitrogen had been passed over heated copper gauze. 
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addition, the preliminary sweeping through the apparatus with 
ammonia and the final washing out with nitrogen which had to be 
done in the first part of the work were eliminated, and a much 
simpler technique was evolved. 

The Catalyst .—Only one sample of alumina was used, which is 
referred, to as Al 2 0 3 -1. It was prepared by adding excess of 
ammonia, d 0-880, to a strong solution of aluminium nitrate, washing 
the precipitate, and drying it in stages at 100°, 160°, and 400°, 
after which it was broken into fragments about 4 mm. in diameter; 
these were filled into the bulb so that the catalyst, which weighed 
about 25 g., occupied a volume of 50 c.c. 

Analysis. —The amount of alcohol used was determined by 
weighing the bubbler before and after the experiment. A sufficiently 
approximate value of the quantity of nitrogen was obtained from 
flowmeter-time observations. The quantity of ammonia passed 
(correct to 1—6%, depending upon the rate of flow of the gas) was 
determined directly from flowmeter-time observations; for very 
small gas velocities, e.g., 3 c.c. per minute, this value was subject 
to the larger error. A more accurate value could be obtained 
from a knowledge of the amount of basic nitrogen absorbed in 
standard acid (see below); since no ammonia decomposes into 
nitrogen and hydrogen, and a negligible quantity of non-basic 
substances is produced, under the given conditions, from the decom¬ 
position of amines, the quantity of ammonia used must be equivalent 
to the amount of basic nitrogen absorbed in acid. 

No separate analysis of each of the primary, secondary, and 
tertiary amines produced was made, but the three were estimated 
together, as 44 amines ” or “ ammonia converted,’* by Weber and 
Wilson’s method ( J . Biol. Chen., 1918, 35, 385), in which the 
solution of amines and ammonia is treated with yellow mercuric 
oxide, whereby ammonia is quantitatively removed. The amines 
were distilled from the alkaline filtrate from the mercuric oxide 
into standard acid, the excess of which was then estimated. The 
results obtained from several blank analyses with the most satis¬ 
factory mercuric oxide indicated that the probable error in the 
final conversion value was 0*5%. 

Expression of the Results .—The percentage conversion of ammonia 
into amines,* %E, is given by the expression Mols. of amines 
absorbed X 100/mols. of ammonia used. The symbol %22 0 denotes 
the percentage conversion in the particular case where the molecular 
ratio of ammonia to alcohol is unity ; it is calculated from the 
equation %E 0 = %EjR , where R = mols. of alcohol used/mols. 

* No figures for the amount of conversion of alcohol into amines have been 
given. 

VOL. CXXVH. 4L 
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of ammonia used. For example, in a series of experiments it was 
desired to keep the molecular ratio of alcohol to ammonia equal to 
1-0; but experimentally this is difficult. Actually the ratio varied 
between 0*7 and 1*2. However, by dividing such a diverging 
molecular ratio into the corresponding %B , the true value of the 
latter for a molecular ratio of unity is obtained. The results given 
later (Fig. 3) show that the correction just discussed is valid when 
the molecular ratio of alcohol to ammonia lies between 0*6 and 1-2. 

Effect of Temperature .—The effect of varying the temperature on 
the amount of ammonia converted is shown in Table I. 

Table I. 

Ratio C 2 H 5 *OH :NH 3 = 10. 

Mean rate of flow of NH 3 = 9*2 e.c. (at N.T.P.) per min. 

Mean rate of flow of N 2 = 50 c.c. (at N.T.P.) per min. 

Temp, of catalyst bath. No. of expts. %i? 0 . Mean. 

344° 9 11*5 

293 4 15*3 

239 3 9*3 

Since the quantity of ammonia (or alcohol) passing over the 
catalyst in a given time is the same for all three temperatures, its 
time of contact with the catalytic surface at 344° is different from 
that at 239°; actually, the times of contact of 1 mol. of ammonia 
at 239° and 344°, respectively, are in the ratio 1*2 :1. A correction 
for this factor, if it were possible to apply it, would not affect the 
values of %E 0 to any serious extent. 

The important result of this table is that the optimum temperature 
of the reaction under the given conditions is about 300°. 

Effect of Pate of Flow of the Reacting Gases .—The curve in Fig. 2 
illustrates the results obtained in experiments at 344° in which the 
molecular ratio of alcohol to ammonia was TO and the speed of 
the ammonia varied from 2 to 32 c.c. (N.T.P.) per minute. The 
rates of flow of the alcohol vapour and nitrogen were varied so 
that the partial pressure of the latter was always 5*6 times that of 
the former (or of the ammonia). The finer particles of the catalyst 
were carried away by the gases when the speed of the ammonia 
exceeded 32 c.c. per minute, and therefore the curve could not be 
followed experimentally up to its maximum. 

Contrary to the usual experience that increased time of contact 
means increased amount of reaction product owing to the state of 
equilibrium being approached, this curve shows that the conversion 
of the ammonia falls off rapidly when the speed of the reacting 
gases dim i nishes, especially when the speed of the ammonia is less 
than 5 c.c. per minute. It will be shown later that the most 
probable cause of this is the decomposition of the amine itself. 
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Effect^of Varying Relative Quantities of Alcohol and Ammonia .— 
The curve in Fig. 3, plotted from the results of experiments at 344° 
in which the speeds of the ammonia and nitrogen were 9*4 and 



50 c.c. per minute, respectively, shows the relation between %E 
and the molecular ratio C 2 H 5 *OH : NH 3 . It is practically linear 
where this ratio lies between 0*6 and 1*2; but its slope decreases 



Molecular ratio of alcohol to ammonia. 

as the ratio increases, from which it is evident that the effect 6f 
using excess of alcohol is the production of larger quantities of 
secondary and tertiary amines, because the amount of ammonia 
converted per mol. of alcohol is proportionately small at large 

4n 2 
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molecular ratios, owing to one mol. of ammonia tending to react 
with more than one of alcohol. 

The increase in activity of the catalyst indicated by the curve 
will be discussed later. 

Decomposition of Ethylamine .—Sabatier and Gaudion ( Gompt . 
rend., 19X7, 165, 222, 310), working with a nickel catalyst at 300°, 
were unable to decompose ethylamine into hydrogen and aceto¬ 
nitrile because it broke down so readily into ammonia and ethylene. 
Upson and Sands ( J . Amer. Chem. Soc. } 1922, 44, 2306) found that 
its decomposition, in presence of a kaolin catalyst, into ethylene 
and ammonia is favoured by low temperature; it can be assumed 
that below 500° the products are ammonia and ethylene only. 

Ethylamine * was evaporated from an aqueous solution by means 
of a stream of nitrogen, and the mixed gases were passed over the 
Al a 0 3 -1 catalyst at 344°. The mean speed of the nitrogen was 
7 c.c. (at N.T.P.) per minute, and of the ethylamine 3 c.c. per 
minute (calc.); the duration of the experiment was 130 minutes. 
The products were led through standard acid, and the unabsorbed 
gases collected, by aspiration, over mercury. The quantities of 
ammonia and amines in the acid were estimated and allowance 
was made for the amount of ammonia present in the original ethyl¬ 
amine. The unabsorbed gases were analysed for ethylene. The 
percentage decompositions of the ethylamine calculated from the 
quantities of ammonia and ethylene produced were respectively 
60 and 33. 

These two values should be equal if ethylamine decomposes 
thus : C 2 H 5 *NH 3 = C a H 4 + NH 3 . However, the smaller result 
alone is sufficiently large to account for the falling off in the values 
of %E 0 when the speeds of the gases are small (Fig. 2). 

Action of the Alumina Catalyst on Ammonia .—Certain irregularities 
were observed in the first two experiments (Nos. 1 and 2 in Table III) 
in connexion with the amount of ammonia passing over the catalyst; 
as measured by titration of the absorbing acid, there was apparently 
a loss of ammonia. The explanation first conceived/ that some of 
the ammonia was being decomposed into nitrogen and hydrogen, 
was finally disposed of by carrying out a special gas analysis of the 
products obtained when ammonia and nitrogen alone were passed 
over the catalyst; no decomposition was detected. 

The loss was finally found to be due to the adsorption of ammonia 
by the fresh alumina catalyst. In Table II are the results obtained 
with a second catalyst, whichconsisted of 13*5 g. of fresh alumina 

* As the ethylamine contained a small quantity of ammonia, for which an 
approximate correction was made, the result can be regarded as qualitative 
only. 
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prepared in a similar way to Al 2 0 3 -1. This was kept at 344°, and 
nitrogen and ammonia were led over it at definite rates. The 
emerging gases were passed for a definite time (£) through standard 
acid; and the amount of ammonia present ( v f ) was determined by 
back titration. The quantity of ammonia (v) entering the catalyst- 
chamber during the same time was determined from flowmeter 
time observations. The amount of ammonia adsorbed by the 
alumina is the difference v — v'. The absorption acid was changed 
after each time interval (col. 1). 

Table II. 

Speed of NTH 3 = 9—10 c.c. (at N.T.P.) per min. (equiv. to 246*3 c.c. of NJ 10- 
acid per hour). Speed of N 2 = 50 c.c. (at N.T.P.) per min. 
t— time in mins, from start of flow of NTH 3 over A1 2 0 3 . v and v ' are expressed 


as c.c. of N /10-acid. 

t. 

v . 

i/. 

v — v‘ 

5 

20*5 

0-1 

20*4 

15 

61*6 

9*5 

52*1 

35 

143*7 

78*3 

65*4 

55 

225*7 

146*9 

78*8 

105 

431*0 

340*5 

90*5 


If a curve is drawn, the figures of column 4 being plotted against 
those of column 1, it will be seen that the adsorption of the ammonia 
is approaching its maximum value after a period of 105 minutes. 

The Catalyst Al 2 0 3 -1.—After the preceding experiment had been 
made, the original catalyst was examined. Its colour had changed 
from white to buff; and some fragments were black throughout, 
showing that the reacting gases must have penetrated right into 
the granules. 

Catalytic poisoning was entirely absent, for the mean %E 0 of 
experiments 3—6 is 11*4 and of experiments 19—23,11*6 (Table III), 

The increase in activity of the catalyst referred to in connexion 
with the curve (Fig. 3) does not affect the general results to any 
serious extent. Immediately before this particular series of experi¬ 
ments was made, the catalyst had been (1) accidentally shaken, 
(2) thoroughly saturated with ethylamine vapour during the work 
on the decomposition of this substance. It is quite possible that 
its activity would change as a result of such treatment. Pease and 
Yung (J. Amer. Chem . Soc 1924, 46, 390) found that alumina 
which had been used in the catalytic decomposition of ether appeared 
to be activated with respect to alcohol, and the yield of ethylene 
was nearly doubled. 

Experimental Results in Detail .—In Table III are the more 
important data appertaining to the experiments; these were carried 
out in the order given. 
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Table III. 


No. 

Temp. 

Speed of 
NH 0 in 

Speed of 
N a in 

Duration 

Batio of 
alcohol 


OI 

expt. 

1 

2 

3 

4 

of 

catalyst. 

344° 

s» 

c.c./min. 

. (N.T.P.). 
5*0 

8*5 

9*4 

9*1 

c.c./min. 

(N.T.P.). 

50 

>' 

*? 

of expt. 
in mins. 
31*5 

32 

60 

to 

ammonia. % E. 
1*60 2 

0*89 5*8 

0*76 9*4 

%*®i 

12*3 

5 


9*6 

r* 

40 

1*06 

11*3 

10*7 

6 


9*2 

»> 

50 

0*91 

9*7 

10*7 

7 

8 

293 

9*0 

Q-4. 

99 

50 

70 

45 

0*94 

0*99 

11*4 

15*3 

12*1 

15*5 

9 


8*8 

99 

50 

0*95 

16*3 

17*1 

10 

n 

12 

5J 

239 

9-0 

5*7 

9*0 

99 

99 

50 

40 

40 

1*14 

1*06 

1*33 

14*4 

16*6 

12*4 

12*6 

15*7 

9*3 

13 


9*2 

99 

50 

0*94 

8*4 

9*0 

14 

15 

344 

3*3 

2*4 

99 

17 

60 

60 

0*95 

0*57 

9*0 

1*2 

9*5 

2*1 

16 

17 

- 

2*3 

2*9 

99 

20 

45 

60 

0*58 

0*97 

3*1 

1*2 

5*3 

1*3 

18 


3*0 


99 

0*65 

1*7 

2*6 

19 

20 


9*2 

91 

99 

50 

A < 

oc 

0*70 

0*92 

2*8 

9*9 

4*0 

10*8 

21 


9*2 

99 

99 

0*87 

9*9 

11*3 

22 


9*2 

99 

99 

0*87 

10*1 

11*7 

23 


9*2 

99 

99 

0*85 

10*3 

12*1 

24 

25 

344 

*’ 

18*7 

18*8 

99 

100 

30 

M3 

0*93 

13*4 

12*3 

11*9 

13*2 

26 


18*6 

99 

99 

0*93 

12*6 

13*6 

27 

28 • 

344 

4*2 

4*4 

99 

25 

99 

40 

0*93 

0*74 

13*5 

3*6 

14*5 

4 9 

29 


4*5 

99 

60 

0*73 

3*7 

5*1 

30 


4*5 

99 

99 

0*70 

3*4 

4*9 

31 

32 

33 

344 

344 

3*0 

30*7 

31*7 

20 

160 

99 

330 

30 

0*75 

0*87 

0*87 

3*7 

5*8 

14*2 

4*9 

6*7 

36*3 

34 


31*2 

99 

3 9 

0*90 

14*7 

16*3 

35 


30*2 

99 

9 9 

0*94 

14*7 

15*6 

36 

345 

9*7 

99 

A Q 

50 

1*00 

17 *6 

17*0 

37 

344 

9*8 

4o 

1*61 

25*6 


38 

39 

. !»» 

10*0 

9*3 

99 

50 

60 

50 

1*38 

0*97 

23*5 

16*2 


40 


9*6 

>* 

45 

1*06 

18*6 


41 

42 

» 

343 

9*3 

9*4 

99 

48 

99 

60 

1*02 

0*82 

19*0 

14*7 


43 

44 

ft. 

ft 

9*6 

9*4 

99 

50 

50 

60 

0*70 

0*96 

13*2 

15*2 


45 

344 

9*1 

99 

*» 

0*68 

12*3 


46 


9*7 

99 

40 

0*96 

15*4 


47 

99 

9*7 

99 

»» 

0*75 

13*6 


48 


9*6 

99 

30 

0*67 

13*2 


49 

343 

9*3 

99 

60 

0*64 

11*7 


50 

344 

9*3 

*9 

30 

2*30 

31*3 


51 

»} 

9*3 

99 

40 

1* 79 

27*1 


52 

99 

9*0 

99 

33 

1*64 

25*7 


53 

>• 

9*2 

99 

30 

3*10 

37*1 


54 

99 

9*0 

ft 

99 

4*69 

43*1 




>9 

99 

4*13 

42*2 
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Summary. 

The catalysis by alumina of the reaction between alcohol and 
imonia has been studied from the point of view of the quantity 
ammonia converted into amine. 

The effects of varying (a) the temperature, ( b ) the speed of the 
acting gases, ( c) the ratio of alcohol to ammonia have been 
termined. 

The decomposition of ethylamine itself has been found to occur 
ider the conditions obtaining in the main reaction; ammonia is 
•t decomposed to any measurable extent by the catalyst. 

Alumina adsorbs ammonia readily, and a table is given showing 
e relation between the amount of ammonia adsorbed and the 
ne of flow of the ammonia over the catalyst. 

No sign of catalytic poisoning could be detected. 

The author desires to express his thanks to Professor F. G. 
mnan, who suggested the investigation; and to the Advisory 
>uncil of the Department of Scientific and Industrial Research 
r a maintenance grant during the period of the research. 

The William Ramsay Inorganic and Physical Chemistry 
Laboratories, University College, 

London. [ Received , June 23 rd > 1925.] 


CCCXXVIL —Substituted isoDiazomethanes. 

3y Frederick Daniel Chattaway and Arthur John Walker. 


hen bromine (1 mol.) is allowed to act upon o-nitrobenzaldehyde- 
Lenylhydrazone (1 mol.), the first product easily isolated is o-nitro- 
tnzaldehyde-p-bromophenylhydrazone (I). The further action of 
omine yields first an orange-red dibromo -derivative and finally a 
How tfn&rowo-derivative, m. p. 110°. These compounds can also 
5 formed by the bromination of the jp-bromo- and 2 : 4-dibromo- 
lenylhydrazones of o-nitrobenz aldehyde, but they differ entirely 
properties from the isomeric nuclear-substituted hydrazones. 
nee on oxidation they yield o-nitrobenzoic acid, they must be 
br omo - derivatives, strictly analogous with those obtained from 
- and p-nitrobenzaldehydephenylhydrazones (this vol., p. 1687; 
e also p. 975), substitution following the course (R = o-C 6 H 4 # N0 2 ) 


tfH-N:CHR 


nh*n:chr 

A 


IT 1 


NH-N:CBrR NH-N:CBrR 

A /TT 't _ABr 

/TTT ^ 
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The final product, v-bromo-o-nitrobenzaldehyde-2 : 4z-dibromophenyl- 
hydrazone (III), can be recrystallised without change from chloro¬ 
form, benzene, or acetic acid, but on warming for a short time 
with alcohol it loses hydrogen bromide, forming a compound * 
which explodes with great violence when heated. 

This also occurs when the w-bromo-derivative is warmed in 
acetic acid with sodium acetate, but elimination of hydrogen 
bromide is most readily effected by shaking a solution of the 
w-bromo-derivative in benzene with a little aqueous ammonia, or 
a small quantity of pyridine. 

The action of bromine upon o-nitrobenzaldehyde-2:4:6-trichloro- 
phenylhydrazone yields a trichloromonobromo- derivative (m. p. 115®) 
which similarly may be made to lose hydrogen bromide and form 
an explosive compound containing all the original chlorine, but no 
bromine. The formation of the explosive compound does not 
therefore take place by the elimination of the nuclear, but of the 
(t>-halogen. The occupation of both o-positions and the p-position 
by chlorine in this compound excludes the possibility of it being 
formed by the elimination of the w-halogen with an o- or the 
^-hydrogen of the phenylhydrazine nucleus. 

In a similar way, the formation of an explosive derivative from 
<aJ}romo-o-nitrobenzaldehyde-3 : 4 : 5-tricMorophenylhydrazone (IV), in 
which both the ^-positions are occupied, excludes the possibility 
of an elimination of hydrogen bromide between the w-bromine and 
the hydrogen in the m-position. 

The most probable explanation of the reaction is that the 
cu-halogen is eliminated with the imino-hydrogen of the hydrazone, 
forming an unstable, three-atom ?'-$odiazomethane ring, thus : 

CJ_ NO a Cl_ no 2 

(IV.) (V.) 

Cl Cl — 

If the bromination of a-nitrobenzaldehydephenylhydrazone be 
carried out in the presence of sodium acetate, the formation of 
cD-bromo-o-nitrobenzaldehyde-p-bromophenylhydrazone and the 
elimination of hydrogen bromide from this take place successively, 
yielding the explosive I-$-bromophenyl-3-o-nitrophenylisodiazo- 
metham (VL) as the product of the one operation ; 

* Giusa and Vecchiotti (Gazzetta, 1916, 46, i, 240) appear to have had this 
compound in their hands, but as they failed to observe the loss of hydrogen 
bromide during rscrystallisation from alcohol, they assumed that it was an 
«-bromo-derivative, having a structure which we have shown to be that of the 
entirely different compound, m. p. 110°. 
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C 6 H 5 *NH-N:CH-C 6 H 4 *N0 2 —> CaH A B r*NH \NICBr• C fi H d *N0 9 —> 
C 6 H 4 Br»N-OC 6 H 4 *N0 2 (VI.) 

An excess of bromine has no action on this final explosive 
product under the conditions of the experiment, as might be 
expected, there being no hydrogen attached to the nitrogen united 
with the aryl residue, replacement of which by halogen appears to 
be a necessary preliminary to the intramolecular rearrangement by 
which it passes into the nucleus. 

Other Gj-bromo-o-mtrobenzaldehydehydrazones yield similar 
explosive compounds, which also must therefore be regarded as 
^sodiazomethanes, e.g., 

/N% 

(VII.) (2 : 4-)C 6 H 3 Br 2 -N-C-C 6 H 4 -N0 2 and 

(2:4: 6-)C 6 H 2 Cl 3 -N—C-C 6 H 4 -N0 2 (VIII.) 

The action of chlorine upon o-nitrobenzaldehydephenylhydrazone 
is similar to the action of bromine, although naturally more energetic. 
The first product easily isolated is o-nitrobenzaldehyde-2 : 4-di- 
chlorophenylhydrazone. The further action of chlorine upon this 
yields a trichloro-derivative (m, p. 132°) which must be u-chloro- 
o-nitrobenzaldehyde-2 : 4c-dichloro'phenylhydrazone , 

c 6 h 3 ci 2 -nh*n:cci*c 6 h 4 *no 2 (ix), 

since it differs in its properties from o-nitrobenzaldehyde-2:4: 6-tri- 
chlorophenylhydrazone and yields o-nitrobenzoic acid on oxidation. 
The final product of the chlorination is a tetraehloro-derivative, 
which, since it can also be obtained by the chlorination of o-nitro- 
benzaldehyde-2 : 4 : 6-trichlorophenylhydrazone, must be w-chloro- 
o-nitrobenzcddehyde-2 : 4 : 6-trichloropkenylhydrazone (X). The course 
of the reaction may therefore be represented thus (R = o-C 6 H 4 *N0 2 ): 


nh-n:chr nh-n:chr nh-n:ccir nh-n:ccir 



Like the o>-bromo-o-nitrobenzaldehydephenylhydrazones, the 
w-chloro-o-nitrobenzaldehydephenylhydrazones lose hydrogen halide 
when their benzene solutions are warmed with pyridine or ammonia,, 
forming highly explosive compounds containing similar three-atom* 
^odiazomethane rings, e.g., (X) —> (VIII). 
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Experimental. 

The BrominaMon Products of o-Nitrobenzaldeliydephenylhydrazone, 
and their isoj Diazomethane Derivatives . 

To a suspension of 5 g. (1 mol.) of o -ni t r obenzaldehydepheny I- 
hydrazone in 25 c.c. of acetic acid was added a solution of 3 g. 
(1 mol.) of bromine in the same solvent. An orange solution was 
formed, from which red crystals of o-nitrobenzaldehyde-p-bromo- 
phenylhydrazone separated, m. p. 183° after recrystallisation from 
alcohol. 

w-Bromo-o-nitrobenzaldehyde-p-bromophenylhydrazone (II).—The 
addition of more bromine (6 g.; 2 mols.) to a similar quantity of 
o-nitrobenzaldehydephenylhydrazone yielded an orange solution 
from which, on pouring into water, a viscid, red solid was pre¬ 
cipitated. This was dissolved in a little warm ether and cooled, 
when a small quantity of red crystals of o-nitrobenzaldehyde- 
2 : 4-dibromophenylhydrazone separated, m. p. 204° after recrystal¬ 
lisation from alcohol. 

The ethereal mother-liquor yielded on evaporation an amorphous 
red solid. This lost hydrogen bromide so readily that it could not 
be recrystallised, but it was shown to consist of w-bromo-o-nitro- 
benzaldehyde-p-bromophenylhydrazone by conversion into its 
crystalline zsodiazomethane derivative (below), a yield of oyer 
3*5 g. (90% of the theoretical) being obtained from 5 g. of the red 
solid. 

l-ip-Bromophenyl-3-o-nitrophenylisodiazomethane (VI).—A solu¬ 
tion of 5g. of w-bromo-o-mtrobenzaldehyde-p-bromophenylhydrazone 
in 20 c.c. of warm benzene was shaken with 5 c.c. of concentrated 
aqueous ammonia. The mixture set to a mass of yellow crystals, 
which were collected, and recrystallised from chloroform, in which 
the compound is moderately soluble, and from which it separates 
in yellow needles; these explode at 144° without melting * (Found: 
Br, 24*7; N, 12*9. C 13 H 8 0 2 N 3 Br requires Br, 25*1; N, 13*2%). 

This isodiazomethane is most conveniently prepared by adding 
to 5 g. of o-nitrobenzaldehydephenylhydrazone and 10 g. of 
anhydrous sodium acetate suspended in acetic acid, a solution of 
6 g. of bromine (2 mols.) in acetic acid; the hydrazone dissolves 
and fine, yellow crystals of the isodiazomethane separate (yield 
5 g, after washing with water and recrystallisation from chloroform). 

* The explosion point does not vary by more than a degree with the rate 
of heating. It was found that the determination of a mixed explosion point 
(analogous with a mixed melting point) could be employed to establish the 
identity of these compounds, the explosion point of a mixture being generally 
below the explosion point of either of the pure constituents. 
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The same compound is obtained by the action of bromine (1 mol.) 
upon o-nitrobenzaldehyde-^-bromophenylhydrazone under similar 
conditions. 

u-Bromo-o-nitrobenzaldehyde-2 : 4- dibromophenylhydrazone (III).— 
To a cooled suspension of 5 g. (1 mol.) of o -nitrobenzaldehydepheny 1- 
hydrazone in 25 c.c. of acetic acid was added a solution of 10 g. 
of bromine (3 mols.) in acetic acid. A yellow solution was formed 
which deposited compact crystals of the w-bromo-derivative. This 
crystallises from acetic acid, in which it is easily soluble, in com¬ 
pact, pale yellow needles, m. p. 110° (yield 7 g. or 70%). It is 
sparingly soluble in ligroin and easily soluble in chloroform or 
benzene (Found : Br, 50*4. C^H^NsBrg requires Br, 50*2%). 

The same compound (m. p. 110°) was similarly prepared by 
adding bromine (1 mol.) to a suspension of o-nitrobenzaldehyde- 
2 : 4-dibromophenylhydrazone in acetic acid. 

A small quantity of the substance, when boiled for 3 hours with 
an alkaline solution of potassium permanganate, yielded o-nitro- 
benzoic acid, m. p. 144°, thus showing that no halogen had entered 
the aldehyde nucleus. 

1-2:4- Dibromo'phenyl - 3 - o - nitrophenylisodiazomethane (VII).— 
w-Bromo-o-nitrobenzaldehyde-2 : 4-dibromophenylhydrazone (5 g.), 
dissolved in 25 c.c. of warm benzene, was shaken with 5 c.c. of 
concentrated aqueous ammonia. The mixture became hot and set 
to a mass of yellow crystals. These were recrystallised from 
chloroform, in which the compound was sparingly soluble, and 
from which it separated in long, yellow needles which exploded 
violently at 145—146° without melting (yield almost theoretical) 
(Found: Br, 40*5; M , ebullioscopic in chloroform, 373. ^13®-7^2-^3^ r 2 
requires Br, 40*3% ; M, 397). 

The compound can be obtained from w-bromo-o-nitrobenzalde- 
hyde-2 :4-dibromophenylhydrazone in several other ways. For 
example, it separates when dry ammonia gas is passed into a solu¬ 
tion of the (o-bromo-derivative in benzene, or when a small quantity 
of pyridine is added. It is also formed when a solution of the 
.w-bromo-compound in acetic acid is warmed gently with sodium 
acetate, and when a solution of the same compound in alcohol is 
gently boiled for a few minutes. 

w-Bromo-o-nitrobenzaldehyde-2 : 4:-dichlorophenylhydrazone ., 
0 6 H 3 Cl 2 *NH^:CBr-C 6 H4-N0 2 . 

—A solution of 2*5 g. of bromine (1 mol.) in acetic acid was added 
to a suspension of 5 g. of o-nitrobenzaldehyde-2 :4-dichlorophenyl- 
hydrazone (1 mol.) in 50 c.c. of warm acetic acid. The yellow 
solution formed deposited, on cooling, crystals of the w-6romo- 
derivative in clusters of pale yellow needles, m. p. 122°. It is 

4l* 2 
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moderately easily soluble in acetic acid and easily soluble in benzene 
(Found : Cl + Br, 38*6. C 13 H 8 0 2 N 3 Cl 2 Br requires Cl + Br, 38*8%). 

1-2 : 4;-Dichlorophenyl-Z-o-nitrophenylisodiazomethane (correspond¬ 
ing to VII) separated almost instantaneously when a benzene solu¬ 
tion of co-bromo-o-nitrobenzaldehyde-2 : 4-diehlorophenylhydrazone 
was shaken with concentrated aqueous ammonia. It crystallises 
from chloroform, in which it is easily soluble, in bright yellow, six- 
sided, slender prisms which explode at 140° (Found: Cl, 23*2. 
C 13 H 7 0 2 N3C1 2 requires Cl, 23*05%). 

w - Bromo - o - nitrobenzaldehyde -2:4:6- trichlorophenylhydrazone, 
C 6 H 2 Cl 3 *iSIH*]SnCBr*C 6 H4-N02, separated when a solution of 2*5 g. 
of bromine (1 mol.) was added to 5 g. of o-nitrobenzaldehyde- 
2:4: 6-trichlorophenylhydrazone in 50 c.c. of acetic acid. It was 
recrystallised from acetic acid, in which it is moderately easily 
soluble. It is also easily soluble in chloroform or benzene. 

It exists in two polymorphic modifications, and when a solution 
in acetic acid is cooled separates first in light yellow needles, which 
in the warm solvent transform rapidly into pale yellow, compact 
prisms, m. p. 115—116° (Found : Cl + Br, 43*9. C 13 H 7 0 2 N 3 CLBr 
requires Cl + Br, 44-0%). 3 

1-2 : 4 : $-Trichlorophe)iyl-3-o-nitrophe7iylisodiazomethane (VIII) 
separated when a solution of co-bromo-o-nitrobenzaldehyde-2 : 4 : 6- 
trichlorophenylhydrazone in benzene was shaken with concentrated 
aqueous ammonia. It dissolves easily in chloroform or benzene and 
sparingly in ligroin. It crystallises from chloroform-ligroin in 
bright yellow, long prisms, which explode at 163° (Found: 
Cl, 31*1; 31, ebullioscopic in chloroform, 365. C^HgOgNgC^ 
requires Cl, 31*1%; M, 343*5). 

<i)-Bromo~o-iiitrobenzaldehyde-Z : 4 : o-irichlorophenylhydrazone (IV) 
separated when 2*5 g. of bromine (1 mol.) were added to 5 g. (1 mol.) 
of o-nitrobenzaldehyde- 3 : 4 : 5-trichlorophenylhydrazone suspended 
in 250 c.c. of warm acetic acid. It was recrystallised from this 
solvent, in which it is moderately easily soluble, and from which 
it separates in pale yellow needles, m. p. 170° (decomp.) (Found: 
Cl + Br, 43*8. C X3 H 7 O s N 3 Cl 3 Br requires Cl + Br, 44*0%). 

1-3 :4 : o-Trichlorophenyl-Z-o-nitrophenylisodiazomethane (V) sep¬ 
arated when a solution of ft)-bromo-o-nitrobenzaldehyde-3 : 4 : 5-tri- 
cHorophenylhydrazone in benzene was shaken with concentrated 
aqueous ammonia. It is sparingly soluble in benzene, chloroform, 
or acetic acid, and separates from these solvents in compact, yellow 
plates, which explode at 151° (Found: Cl, 31*2. C 13 H fl 0JSLCL 
requires Cl, 31-1%). “ 3 » 

from ooutrobenz&ldehyde-p-chlorophenylhydrazone, without the 
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isolation of an intermediate o> bromo - derivative. It separated as a 
yellow, crystalline mass when a solution of bromine (1 mol,) was 
added to a suspension of the hydrazone (1 mol.) and an excess 
(2 mols.) of sodium acetate in acetic acid. It crystallises from this 
solvent, in which it is moderately easily soluble, in bright yellow 
needles, which explode at 147° (Found: Cl, 12-9. C 13 H 8 0 2 N 3 C1 
requires Cl, 13*0%). 

Action of Chlorine upon o-Nitrobenzaldehydephenylhydrazone .— 
Chlorination proceeds more cleanly in chloroform than in acetic 
acid. Its progress is accompanied by marked changes in the colour 
of the solution, which serve as a convenient guide when it is desired 
to arrest the process at some intermediate point. 

A slow current of chlorine was passed into a cooled suspension of 
5 g. of o-nitrobenzaldehydephenylhydrazone in 50 c.c. of chloro¬ 
form, until the solid had dissolved to form a red solution. This 
on standing yielded dark red crystals, which after recrystallisation 
from alcohol melted at 192°, and proved to be o-nitrobenzaldehyde- 
2 :4-dichlorophenylhydrazone. 

< o-Chloro-o~nitrobenzaldehyde’2 : 4:-dicMorophenylhydrazone (IX).— 
In a second experiment the stream of chlorine was continued until 
the solution became dark brown. From this solution, on addition 
of an equal volume of cold alcohol, u-chloro-o-nitrobenzaldehyde-2 : 4- 
dichlorophenylhydrazone separated. It crystallises from chloroform, 
in which it is moderately easily soluble, in compact, yellow prisms, 
m. p. 132° (Found ; Cl, 31*0. C 13 H 8 0 2 N 3 C1 3 requires Cl, 30*9%). 

The same compound is more readily prepared by passing chlorine 
into a suspension of o-nitrobenzaldehyde-2 :4-dichlorophenylhydr- 
azone in chloroform until the solid just dissolves, and then adding 
an equal volume of alcohol, when it separates in a fairly pure state. 

A small quantity of the substance, when boiled for some time 
with an alkaline solution of potassium permanganate, yielded 
o-nitrobenzoic acid, in. p. 144°. 

<u-Chloro-o-nitrobenzaldehyde-2 : 4-dichlorophenylhydrazone, like 
the a>-bromo-compound, loses hydrogen halide when pyridine is 
added to its benzene solution or when it is shaken with ammonia. 
The product, 1-2:4-dichlorophenyl-3-o-nitrophenyb$odiazomethane 
(expl: 140°), is the same in both cases and has already been 
described. 

u-CMoro~Q-nitrobenzalddiyde~2 : 4 : Q-trichlorophenylhydrazone (X). 
—In a third experiment the passage of chlorine into the suspension 
in chloroform of o-nitrobenzaldehydephenylhydrazone was continued 
until no more was absorbed, and the colour of the solution had 
changed to a light brown. The excess of chlorine was evaporated 
off, and an equal volume of cold alcohol added, when <a*chlor®* o- 
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nitrobenzaldehyde- 2 : 4 : §-trichlorophenylhydrazone separated as a 
yellow, crystalline solid. Yield from 5 g. of the original hydrazone, 
4*5 g. It dissolves easily in chloroform or benzene, but is sparingly 
soluble in ligroin. It crystallises from benzene-ligroin in fine, yellow 
needles, m. p. 107° (Found : Cl, 37*5. C 13 H 7 0 2 N 3 C1 4 requires Cl, 
37*5%). 

A small quantity when boiled for 3 hours with alkaline potassium 
permanganate solution yielded o-nitrobenzoic acid, m. p. 144°. 

The same compound was prepared in a similar manner by the 
action of chlorine upon o-nitrobenzaldehyde-2 :4:6-trichlorophenyl- 
hydrazone. 

co-Chloro-o-nitrobenzaldehyde - 2 : 4 : 6 - trichlorophenylhydrazone 
when dissolved in benzene and shaken with aqueous ammonia 
was converted into 1-2 : 4 : 6-trichlorophenyl-3-o-nitrophenyK«so- 
diazomethane, which separated from the solution in almost 
theoretical quantity. This exploded at 163° and was identical 
with the compound similarly obtained from w-bromo-o-nitrobenz- 
aldehyde-2 : 4 : 6-trichlorophenylhydrazone (p. 2412). 

The <o-h&logeno-o-nitrobenzaldehydephenylhydrazones described 
here all yield deep green colorations when a trace of an oxidising 
agent (nitric acid or ferric chloride) is added to their solutions in 
strong sulphuric acid. The ^sodiazomethane derivatives dissolve in 
sulphuric acid, giving yellow solutions which are unaffected by the 
addition of oxidising agents. 

Both the w-halogeno-o-nitrobenzaldehydephenylhydrazones and 
their isodiazomethane derivatives are decomposed by alcoholic 
potash, yielding as one of the products a halogen-substituted 
benzene, e.g ., 1-2 : 4: 6-trichlorophenyl-3-o-nitrophenylisodiazometh- 
ane yields 1:3: 5-trichlorobenzene. A similar decomposition is 
effected by ammonia in alcoholic solution. The course of these 
reactions is at present under investigation. 

The Queen’s Coliege, Oxford. [ Received , July llth , 1925.] 

CCCXXVIIL —The Isomerism of the Oximes. Part 
XXIII. Acyl Derivatives. 

By Oscjar L. Brady and Gerald Patrick McHugh. 

In this series of papers a considerable amount of work has been 
published on the various acyl derivatives of the aldoximes (see 
particularly J., 1913, 103 , 1613; 1916, 109 , 650; 1923, 123 , 1190, 
2163; 1924, 125 , 1087; this voL, p. 844), and the object of the 
present co m mu n ication is to fill in certain gaps and to summarise 
the position. 
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The action of benzoyl chloride on the a-aldoximes * has been 
studied by Minunni and his co-workers (Gazzetta, 1892, 22 , ii, 166; 
1896, 26 , i, 456) and by Forster and Judd (J., 1910, 97 , 256). The 
former prepared the benzoyl derivatives from the a-aldoximes by 
treatment with benzoyl choride in ethereal solution, the latter 
tried to prepare the isomeric benzoyl derivatives from (3-benz- 
aldoxime and p-triazo-P-benzaldoxime by avoiding the presence of 
hydrogen chloride, which would be likely to cause inversion (com¬ 
pare the acetyl-ft-aldoximes). They were, however, unsuccessful, 
both isomerides yielding the same benzoyl derivative. The action 
of benzoyl chloride on a solution in excess of sodium hydroxide of a 
number of other a-aldoximes has been investigated and in every 
case a benzoyl derivative was obtained, which, on hydrolysis with 
alkali, regenerated the original oxime. It had previously been 
found that benzoyl chloride converts the otherwise stable P-ciiinam- 
aldoxime and o-methoxy-p-cinnamaldoxime into a-benzoyl deriv¬ 
atives from which the a-oximes could be obtained by alkaline 
hydrolysis (Brady and Thomas, J., 1922, 121, 2104; Brady and 
Grayson, J., 1924, 125, 1419). This reaction is apparently a 
general one and it has been found that benzoylation by the 
Schotten-Baumann method converts (3-benzaldoxime, o-, m-, and 
p-nitro-, p-methoxy-, and 3 : 4-methylenedioxy-(3-benzaldoximes 
into the corresponding a-benzoyl derivatives. Similar results were 
obtained by benzoylating in pyridine solution with benzoylpyridin- 
ium chloride in spite of all precautions to avoid isomeric change. 
These results are somewhat remarkable, since ethyl chloroformate 
with an alkaline solution of the p-aldoximes invariably gave the 
nitrile, and acetylpyridinium chloride with a pyridine solution of 
the p-aldoximes also gave the nitrile. 

The action of keten on the aldoximes promised to be of interest, 
since the behaviour of phenylcarbimide in giving inversion of con¬ 
figuration (Brady and Dunn, J., 1916, 109 , 650) suggested that keten, 
also an additive reagent, might act upon the a-aldoxime to give the 
acetyl-(3-oxime. This expectation was, however, not realised, the 
a-aldoximes giving acetyl-a-aldoximes. With (^-aldoximes and 
keten, the acetyl compound could not be isolated in a pure state, 
but treatment of the crude product with sodium hydroxide gave 
the corresponding nitrile, indicating the presence of the acetyl- (3- 
aldoxime. The acetyl- (3-aldoximes are very sensitive to traces of 
* a-Aldoximes are those which on treatment with acetic anhydride and 
sodium carbonate give acetyl derivatives which regenerate the oxime on 
alkaline hydrolysis; jS-aldoximes, those which give the nitrile under these 
conditions; a-acyl derivatives, those which on alkaline hydrolysis give the 
a-aldoxime; and £-acyl derivatives, those which give the nitrile (compare 
Brady and Bishop, this vol., p. 1357). 
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acid, being thereby converted into the acetyl- oc-aldoxime, and it was 
possible that in the first case traces of hydrogen bromide were 
carried over by the keten; if, however, this had been the case, one 
would have expected a similar result when the p-aldoximes were 
employed, whereas here there was no doubt that the acetyl-p- 
aldoxime was formed. 

If keten added to the CIN and N!0 double bonds in the tautomeric 
form of the oximes, RCHINHIO, in a manner similar to that suggested 
for phenylcarbimide (J., 1916, 109, 659), an arylisooxazolidone (I) 
would be formed : 


_ CH, 

n_ _j_ ll 


hn:o 


co 


( I .) R ' 9 H— '? h 2 

HN-O-CO 


R-pH 

n-oco*ch 3 


This might be expected to tautomerise to the acetylaldoxime, or to 
split off acetic acid and give the nitrile in a similar manner to the 
-y-alkyKsooxazoles (II) (Claisen, Ber., 1903, 36, 3672). 


(n.) R ’fi ~fi H K0 “ RCN + CH,-CO,K. 
N-O-CH- 


A compound of this nature was described by Posner (Annaien, 
1912, 389, 97), who obtained yy-diphenyhsooxazolidone (III) by 
the action of hydroxylamine on p-phenylcinnamic ester; this 
compound might be formed by the action of keten on the tautomeric 
form of diphenylketoxime, and since, according to Posner, the^ 
compound was comparatively stable, there should have been no 
difficulty in isolating it; however, only acetyldiphenylketoxime was 
obtained in the reaction. 


(C 6 H 5 ) 2 f] , 

hn:o ^ 




2 (III.) 


The acetyl-p-aldoximes have been described by Hantzsch (J5er., 
1891, 24, 38; Z. physikal. Chem., 1894, 13, 509), who gives three 
general methods for their preparation, but, with the exception of 
acetyl- £-benzaldoxime, no experimental details for the individual 
compounds* His methods have been tried with four p-aldoximes, 
but our products differ considerably from his and could not be 
obtained free from unchanged oxime. Hantzsch publishes no 
analyses 'of the compounds other than acetyl-P-benzaldoxinqe and 
we are not convinced that other acetyl-p-aldoximes have, as yet, been 
obtained in the pure state. 

In conn ex ion with the inversion of configuration brought about 
by phenylcarbimide, the action of phenylcarbamyl chloride on the 
sodium salts of the a-aldoximes has been investigated; here the 
c^banihno-derfvative of the a-oxime was obtained, there being no 
Indication of the formation of the corresponding (S-derivative. 
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Table I summarises the principal results which have been obtained 
in this series of investigations, but it is a matter of some difficulty 
to interpret them; a indicates that the acyl derivative formed in 
the reaction, on hydrolysis with sodium hydroxide, regenerates the 
a-aldoxime; p, that the acyl derivative, on alkaline hydrolysis, 
gives the nitrile; N indicates that the nitrile is formed; A, the 
aldehyde. 

Table I. 


Oxime. 

Benzaldoxime . 

i> . 

o-Nitrobenzaldoxime 

»» 

m-Nitrobenzaldoxime 

9f 

p-Nitrobenzaldoxime 

it 

23-Methoxy benzald¬ 
oxime . 


•S 

I 

o 

■§ 

o 

< 

a 

P 

a 

P 

a 

P 

a 

P 


-PrS . 

I? 






3 

pq 

a 

a 

a 

a 



n I ft 
P 
P 
P 
P 

$ 

P 
P 


N 

JS 

N 

a 

N 

& 


3 

w .a wo ft 3 s 3 

P B a-fjS a 

A A -f N p P 

P P a* - 

A A + N P — 

p p a 4 P a 

A A + N p p 

P P a + P 

A A + N P 


P 


P p p a 4 P 


oxime . 

p 

p 

a 

— — — ]sr 

A A 4- N 

P 

P 

3 ; 4-Methylenedioxy- 

benzaldoxime ...... 

a 

a 

a 

— ~ a P 

P P a 

4- P 

a 

3 : 4-Methylenedioxy- 

benzaldoxime . 

p 

p 

a 

— — — 

A A + N 

p 

P 

Cinnamaldoxime . . 

a 

a 

a 

— — — a 

p p 

a* 

a 

*» . 

o-Methoxybenzald- 

p 

p 

a 

N 

A A 4* N 

p 

p 

oxime .. 

p-Dimethylamino - 

a 

a 

a 

P - a 

p p 

a* 

a 

benzaldoxime . 

a 

a 

a 

P - a 

p p 

P 

a 


* In these cases the carbanilino-compound separated very slowly and 
isomeric change of any /3-isomeride formed may have occurred. 


It will be noticed that o-methoxybenzaldoxime and ^-dimethyl- 
aminobenzaldoxime, which are known only in the a-form, give, in 
certain cases, derivatives which apparently have the ^-configuration. 
The main problems, however, that have to be considered are: 

(1) How far it is justifiable to assume that all acyl derivatives which 
on alkaline hydrolysis give the nitrile have a similar configuration % 

(2) If the above assumption is correct, why one reagent, e.g. 9 ethyl 
chloroformate, brings about inversion of some oximes but not of 
others, whereas another similar reagent, diphenylcarbamyl chloride, 
always brings about inversion, and a third, benzoyl chloride, 
never. (3) Why phenylcarbimide causes inversion, but a-naphthyl- 
carbimide does not do so. (4) Why benzoyl chloride is uniquein 
yielding, with aqueous sodium hydroxide solutions of the p-aldoximes, 













2418 BRADY AND MCHUGH : THE ISOMERISM OF THE OXIMES. 


the benzoyl derivatives of the a-oxime rather than that of the 
(3-oxime or the nitrile. (5) The nature of the very unstable, yellow 
carbanilino- and a-naphthylcarbamyl compounds which are fre¬ 
quently the first products of the action of the carbimides on the 
(3-aldoximes (Goldschmidt and van Rietschoten, Ber., 1893, 26 , 
2087; Brady and Thomas, J., 1922,121, 2105; see also experimental 
part). 

In connexion with the first point, adopting the new configuration 
of the aldoximes (Brady and Bishop, loc. cit.), the stereoisomeric 
acyl derivatives may be represented : 


(IV) R, fi H 
( } N-O-COR' 

Acyl derivative of a-oxime. 


E 'S H (V.) 
R'COON 

Acyl derivative of jS-oxime. 


In normal cases, on alkaline hydrolysis, Zrtms-elimination of acid 
will occur, (IV) regenerating the oxime, and (V) giving the nitrile, 
but it is conceivable that in special cases caV elimination of acid might 
readily take place and (IV) here give the nitrile. Consequently it 
might be argued that the earbethoxy-compounds obtained from 
p-methoxy-, 3 : 4-methylenedioxy-, o- and ^-nitro-a-benzaldoximes 
have the same configuration (IV) as these oximes but that here 
^elimination of the acid readily occurs. Against this view, 
however, are the facts, first, the same earbethoxy-compounds were 
obtained from the (3-aldoximes and secondly, the carbethoxy- 
compound obtained from ^-nitro-a-benzaldoxime on boiling with 
alcohol gave a second carbethoxy-derivative, which behaved in a 
normal manner on hydrolysis, regenerating the original oc-aldoxime; 
on the above hypothesis, this would indicate a change from con¬ 
figuration (IV) to configuration (V) and a reversal on hydrolysis. 
The first change is unlikely in view of the well-established reverse 
tendency, whilst if the latter contingency be admitted, the whole 
problem of oxime configuration would be thrown into indescribable 
confusion. 

Another possibility is that in certain cases V-acyl derivatives are 
formed on the analogy of the V-ethers and that the earbethoxy- 
compounds prepared from ^-methoxy-, 3:4-methylenedioxy-, 
o- and jp-nitro-a-benzaldoximes, which on hydrolysis give the nitrile, 
should be represented as R‘CHIN(!0)*C0 2 Et, the effect of heating 
the carbethoxy-compound from p-nitro-a-benzaldoxime being the 
transference of the carbethoxy-group from N to 0; against this, 
however, must be placed the nature of the absorption spectrum of 
^-derivatives, which does not accord with that of these earbethoxy- 
compounds. Moreover, one would then have to regard as jV-acyl 
derivatives the diethylcarbamyl and phenylethylcarbamyl com- 
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pounds obtained from £>-nitro-oc-benzaldoxime, differentiating these 
from the diphenylcarbamyl derivatives; if the latter class are 
included, the dinitrophenyl- and trinitrophenyl-compounds, pre¬ 
pared from the a-aldoximes, would have to follow, but the action 
of 2 : 4-dinitrochlorobenzene and picryl chloride on the p-aldoximes 
is quite abnormal, the only explanation that appears possible being 
that it is in this case that an N -substituted compound is formed which 
is too unstable to be capable of free existence (Brady and Truszkowski, 
J., 1924, 125, 1087; Brady and Klein, this vol., p. 844). In 
addition, the A T -methyl ethers of the aldoximes are readily hydrolysed 
by alkali, not to the nitrile, but to the aldehyde. The idea that all 
acyl derivatives which give nitriles on hydrolysis are ^'-substituted 
compounds cuts at the very basis of the Hantzseh-Werner hypothesis 
and is difficult to maintain for other reasons, some of which have 
been given in previous papers. There seems, therefore, every reason 
to suppose that all acyl derivatives which on hydrolysis give the 
nitrile have the same configuration. 

The application of the octet theory, although it suggested the very 
complicated nature of the electron changes which probably occur 
during acylation, did not elucidate the problem and after a careful 
consideration of many possible hypotheses, including an ionisation 
theory, we are still unable to advance any view that fits the facts 
better than that suggested by Dunn and one of us (J., 1916, 109, 
650). The new configuration being adopted, and the aldoximes being 
regarded as tautomeric, the acyl halide can add on in two ways, 
either at the NX) double bond (VI) or at both the CIN and NX) 
double bonds (VII); removal of hydrogen chloride produces no 
change in configuration in the first case, but does so in the second; 
similarly, in the ease of the p-aldoxime : 


R’fjH ^ R-CH 
N-OH HNO 

a-aldoximo 




— oIh 

j8-aldoxime 


4“ 

R-CH 


OAcyl 


4 

(VI.) Cl 

l' 1 

R-CH R-CH 

N-OAcyl AdylO-N 
a-acyl derivative. jS-aoyl 

derivative. 


4 V 

R-CH R-CH 

rci |\ci 

HN-OAcyl PhCO-O-NH 
(VII.) 


I 

E-OH 


R-CH 

AcylO-i^H 

Cl 

I 

R-CH 


N-OCOPh AcylO-Sr 


a-benzoyl 

derivative. 


BON 
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With the a-aldoximes, the method of addition is governed partly 
by the nature of the aryl group R, e.g., in the case of the carbethoxy- 
compounds, and partly by the nature of the acyl halide, e.g., di- 
phenylcarbamyl chloride; with the (-J-aldoximes, it seems to be 
decided solely by the nature of the acyl chloride, benzoyl chloride 
being the only one, so far investigated, which adds on at both double 
bonds. 

The arguments previously adduced for the formation of the 
carbanilino-compounds must still hold in general, but it seems more 
probable that the yellow compounds obtained by the action of 
arylcarbimides on (3-oximes are formed by the addition of the 
carbimide at first to the CIN double bond only, (VIII) then under¬ 
going tautomeric change, the group migrating to the 0, giving (IX). 


ONH 


(VHI.) 


R-CH--NR 

o:nh-c:o 


(IX. 

RNH-C0 2 -N 


The nitrone structure here suggested, as in the case of the 
N-e thers, would account for the colour (compare also Staudinger 
and Miescher, Helv. Chim. Acta , 1919, 2, 554, for the addition of 
diphenylketen to ketoximes). 


Experimental. 

Action of Benzoyl Chloride on x-Aldoximes. —The a-aldoxime 
(3 g.) was dissolved in 2^-sodium hydroxide (100 c.c.), benzoyl 
chloride (3 g.) added, and the mixture well shaken and cooled; 
when the odour of the chloride had disappeared, the solid was 
collected, washed, and crystallised. The orientation of the product 
was determined in* each case by hydrolysis with warm 2^-sodium 
hydroxide, when a clear solution was obtained and no ammonia 
evolved, indicating the absence of a nitrile produced from a 13- 
derivative. From the solution carbon dioxide precipitated the 
oc-oxime, which was identified by the method of mixed melting 
points, whilst hydrochloric acid subsequently gave benzoic acid. 
No indication of the presence of the acid corresponding to the 
oxime was obtained. Benzoyl-o-nitro-oc-benzaldoxime, as is usually 
the case with derivatives of this oxime, underwent profound decom¬ 
position on warming with alkali, but when left in contact with 
2N-sodium hydroxide at room temperature until a clear solution 
was obtained, it reacted normally. 

Benzoyl-o-nitro-a-benzaldoxime separated from alcohol in pale 
greemsh-white plates, m. p. 112° (Found: N, 10*2. C 14 H 10 O 4 N 2 

requires N, 10*3%), benzoyl--p-nitro-<x-benzaldoxime from acetone in 
^jhle ' plates, m. p. 196° (Found : N, 

benzoybZ : ^methyUnedioxy-aL-benzaldoxime from acetic acid 
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in white plates, m. p. 168° (Found : N, 5-3. C 14 H 10 O 4 N requires 
N, 5-2%), benzoyl-o-methoxy-u.-benzcddoxime from alcohol in white 
plates, m. p. 96° (Found : N, 5*6. C 15 H 13 0 3 N requires N, 5*5%), 
and benzoyl-^<lime:lhylam<ino~tt-benzal&oxime from acetone and water 
in greenish-white plates, m. p. 138° (Found : N, 10*3. C 1G Hi 6 0 2 N 2 
requires N, 10*4%). 

In addition, the benzoyl derivatives of a-benzaldoxime, m-nitro-, 
and ^-methoxy-a-benzaldoximes (Minunni and Corselli, Gazzetta, 
1892, 22, 164) were prepared in an analogous manner from the 
corresponding a-aldoximes, and their configuration determined by 
hydrolysing them to the a-aldoximes with 2iV r -sodium hydroxide. 

Action of Benzoyl Chloride on $-Aldoximes. —(B-Benzaldoxime, 
o-, m-, and p-nitro-, ^-methoxy-, and 3; 4-methylenedioxy-P- 
benzaldoximes were benzoylated in a similar manner to the a- 
derivatives. In each case the corresponding benzoyl-a-aldoxime 
was obtained, which was identified by a mixed melting point and by 
hydrolysis to the a-oxime. The benzoyl chloride was shaken with a 
little sodium hydroxide immediately before use, in case any acid in 
it should bring about conversion. The benzoylation was carried 
out at 0° and the products were washed with iced water. They 
were crystallised by dissolution in cold acetone and precipitation by 
the cautious addition of water in order to avoid isomeric change, 
which might be brought about by the use of hot solvents, but no 
indication of the formation of a |3-isomeride was obtained. In 
another series of experiments p-benzaldoxime, m-nitro-, and 3 :4- 
methylenedioxy-P-benzaldoxime were dissolved in dry pyridine and 
cooled to 0°; a solution of the calculated amount of benzoyl chloride 
in dry pyridine at 0° was added, and the mixture kept at 0°. The 
product was poured on to crushed ice and extracted with ether, 
the extract washed, dried over sodium sulphate, and the ether 
evaporated at room temperature. In every case the benzoyl-a- 
aldoxime was obtained. Similar results were obtained at —23° 
(compare Forster and Judd, loc. cit .). Acetylation of (3-aldoximes 
under similar conditions gives the nitrile, but no indication of the 
formation of this compound was obtained during the benzoylation. 
3:4-Mothylenedioxy- £-benzaldoxime (5 g.) was dissolved in dry 
ether, sodium (0*7 g.) dissolved in a minimum of alcohol added, the 
precipitated sodium salt collected, washed with dry ether, rapidly 
dried on a porous tile, suspended in dry ether, and the calculated 
amount of benzoyl chloride added. After 2 hours, the solution was 
filtered, and on evaporating the ether at room temperature benzoyl- 
3 : 4-methylenedioxy-a-benzaldoxime was obtained. 

Action of Keten on ot-Aldoximes .—The keten was prepared 
(Staudinger and Klever, j?er., 1908, 41, 594) by the action of zinc 
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filings on 50 g. of bromoacetyl bromide in 250 c.c. of dry ether in a 
current of hydrogen. Ether and keten distilled over and were 
passed directly into a dry ethereal solution of 1 g. of the oxime; 
this was then evaporated over solid sodium hydroxide in a continu¬ 
ously evacuated desiccator and the solid residue pressed on a tile. 
3 :4-Methylenedioxy-a-benzaldoxime gave a crude product which 
melted alone at 98—104°, at 102—104° when mixed with acetyl- 
3 :4-methylenedioxy-a-benzaldoxime, and at 105° after one crys¬ 
tallisation from benzene. This was identified as the a-aeetyl 
derivative by comparison with a specimen prepared by the action 
of acetic anhydride at 30° on 3 :4-methylenedioxy-a-benzaldoxime 
followed by treatment with sodium carbonate solution. Acetyl -3 : 4- 
methylenedioxy-oi-benzaldoxime crystallised from alcohol in fine, 
white needles, m. p. 105° (Found: N, 6-9. C 10 H 9 O 4 N requires 
N, 6-7%). 

In the cases of m - and p-nitro-a-benzaldoximes the reaction was 
incomplete even after 24 hours, although the solution had still a 
strong odour of keten. Accordingly the ether was evaporated, 
and the crude product washed with a small amount of cold 2JV- 
sodium hydroxide, which removed unchanged oxime, identified as 
the a-isomeride after precipitation with carbon dioxide. The 
residues, after drying on a tile, melted at 121° (m-compound; 
when mixed with acetyl-m-nitro-a-benzaldoxime, at 126°) and 
124—129° (p-compound); in each case the pure acetylnitro-a- 
benzaldoxime was obtained after one crystallisation from alcohol. 

In all three cases xhe crude product, on hydrolysis with warm 
2iV'-sodium hydroxide, gave the corresponding a-oxime, no nitrile 
or acid being detected. This result and the melting points of the 
crude products indicate that no appreciable amount of acetyl- p- 
aldoxime had been formed and subsequently converted into the 
a-isomeride during crystallisation; for the former is immediately 
converted by cold sodium hydroxide into the nitrile and subsequently 
into the carboxylic acid. 

Action of Keten ow $-Aldoriwes. —3 : 4-Methylenedioxy-(3-benzald- 
oxime, when treated as above, gave after evaporation of the ether 
a viscous product which could not be crystallised. After hydrolys¬ 
ing with 2JV-sodium hydroxide, saturating the solution with carbon 
dioxide, and extracting with ether, a small amount of 3 : 4-methyl- 
enedioxy-a-benzaldoxime was isolated, whilst on acidifying with 
hydrochloric acid and again extracting 3:4-methylenedioxy- 
benzoic acid was obtained. From w-nitro- p-benzaldoxime, a crude 
product, m. p. 82—90°, was obtained; this was triturated with 
cold 2A T -sodium hydroxide, and the residue identified as m-nitro- 
benzonitrile, formed from the (3-acetyl derivative; the alkaline 
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solution, on treatment with carbon dioxide followed by ether 
extraction, gave ra-nitro-a-benzaldoxime. 

Action of Keten on Diphenylketoxime. —When diphenylketoxime 
was treated with keten, the ether solution on evaporation gave a 
mass of crystals, m. p, 72°, which after crystallisation from light 
petroleum gave pure acetyldiphenylketoxime, m. p, 74°. This was 
identified by comparison with a specimen obtained by the action of 
acetic anhydride on the ketoxime. 

Acetyl Derivatives of Aldoxim.es. —Owing to the sensitivity of the 
acetyl-(3-aldoximes, this work was carried out in a room free from 
acid fumes and illuminated by deep orange light only. 

A solution of the p-aid oxime in a minimum of pure acetic 
anhydride was kept at room temperature for 5 minutes and then 
cooled to —20°; the solid was produced by scratching for some time. 
The suspension was poured on to a porous tile, and the solid crystal¬ 
lised by dissolving in dry benzene at room temperature and adding * 
light petroleum slowly with constant scratching. The acetyl 
derivative thus produced was triturated with cold 2A T -sodium 
hydroxide, kept for 5 minutes, and filtered. The solid residue was 
the nitrile ; from the solution, yellow in the case of the nitro¬ 
compound, concentrated ammonium chloride precipitated the corre¬ 
sponding (3-aldoxime. o-Nitro-p-benzaldoxime (m. p. 152°) gave 
acetyl-o-nitro-$-benzcddoxime , m. p. 73° (Found : N, 13*9. C 9 H 8 0 4 N 2 
requires N, 13*5%). The (3-aldoxime recovered after trituration 
with sodium hydroxide had m. p. 146—149°. m-Nitro-p-benzald- 
oxime (m. p. 112°) gave a product, m. p. 96—98° (Hantzsch gives 
75°) (Found : 1ST, 14*2. Calc., N, 13-5%); the recovered p-aldoxime 
melted alone at 108—115°, and at 92° when mixed with the 
a-aldoxime. p-Nitro-p-benzaldoxime (m. p. 174°) gave a product, 
m. p. 96° (H. 75—76°) (Found : N, 14*4. Calc., N, 13*5%); the 
recovered (3-aldoxime melted at 165—168°. 3 ; 4-Methylenedioxy- 
(3-benzaldoxime gave a product, m. p. 86° (H. 99°) (Found: N, 7*2. 
Calc., N, 6*7%); the recovered (3-aldoxime melted at 135—138°. 

No satisfactory results were given by the other methods described 
by Hantzsch (Z> physikaL Chem 1894, 13, 509). The isolation of 
the (3-aldoxime by treating with cold sodium hydroxide suggested 
that the supposed acetyl derivatives were contaminated with 
unchanged oxime. This was confirmed by the high percentage of 
nitrogen found. An alternative explanation is that the hydrolysis 
of the acetyl-(3-oxime gave partly nitrile and partly (3-oxime, the 
high analytical figures being due to contamination with nitrile. 
Judging from experience in the hydrolysis of other acyl-p-aldoximes, 
we think the second contingency the less likely. 

Action of Ethyl Diazoacetate on Aldoximes .—Dry ethereal solutions 
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of wi-nitro- and 3 : 4-methylenedioxy- a- and - (3-benzaldoximes were 
treated with a slight excess of an ethereal solution of ethyl diazo¬ 
acetate at room temperature for 48 hours. On removal of the 
solvent, the solutions of the a-aldoximes gave unchanged a-aldoxime, 
whilst those of the (3-aldoximes gave a mixture of a- and (3-aldoximes 
owing to isomeric change of the former into the latter. 

Action, of Phenylcarbimide on Aldoximes (compare Goldschmidt 
and others, Ber,> 1889, 22 , 3112; 1890, 23 , 2136; 1891, 24 , 2546; 
1893, 26 , 2087; Beckmann, ibid., 1890, 23 , 3321; Brady and Dunn, 
J,, 1916, 109 , 650; Brady and Thomas, J., 1922, 121 , 2100).— 
3 :4-Methylenedioxy-a-benzaldoxime (7 g.) in a minimum of dry 
ether was treated with phenylcarbimide (5 g.), the precipitate that 
formed at once was separated, pressed on a porous tile, and washed 
with dry ether; it then melted at 78° (decomp.). A portion was 
treated with alcohol under reflux for an hour. On cooling, a small 
amount of diphenylcarbamide crystallised; the alcoholic filtrate 
from this was evaporated to dryness, and the residue crystallised 
from benzene and light petroleum, carbanilino- 3 : 4^?nethylenedioxy - 
c z-benzaldoxime being obtained as a white, micro-crystalline powder,, 
m. p. 104° (decomp.) (Found: N, 9*7. C 15 H 12 0 4 N 2 requires N, 
9*8%). 

From another portion, carbanilino-3 : 4-methylenedioxy-a-benz- 
aldoxime was isolated by a method analogous to that used by 
Brady and Dunn for the m-nitro-derivative (J.,.1916, 109 , 670; 
compare idem , J., 1914, 105 , 2877). The remainder of the crude 
product was hydrolysed with 2A-sodium hydroxide, when 3 :4- 
methylenedioxybenzoic acid and 3 : 4-methylenedioxy-a-benzald- 
oxime were obtained, the former preponderating. There was, 
therefore, no doubt that the crude compound was a mixture of 
the two carbanilino-derivatives. When 3 :4-methylenedioxy-p- 
benzaldoxime was similarly treated with phenylcarbimide, the 
precipitated carbanilino-3 : i-methylenedioxy-fi-benzaldoxime formed 
greenish-white plates, m. p. 84° (decomp.) (Found: N, 9*9. 
'•'0 1 ^S 19 0 4 H 2 requires N, 9-8%). Attempts to crystallise the com¬ 
pound from various solvents invariably led to isomeric change* 
the melting point falling. On treatment with warm 2A-sodium 
hydroxide it was rapidly decomposed; the insoluble residue con¬ 
sisted of 3:4-methylenedioxybenzonitrile and no a-oxime was 
detected; more prolonged hydrolysis gave the acid and ammonia. 
Similar results were obtained by the action of phenylcarbimide 
(6 g.) on p-nitro-a-benzaldoxime (4 g,), the mixture being kept for 
5 minutes before the precipitate was separated. The crude product 
(m. p. 88°,) on hydrolysis gave a mixture of acid and a-oxime, and 
on boiling with alcohol gave carbanilino-p-nitro- a-benzaldoxime, 
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m. p. 148—150°. With p-methoxy-a-benzaldoxime, the crude 
product (m. p. 74°) on hydrolysis gave acid and a-oxime, and on 
boiling with alcohol, the pure carbanilino-p-methoxy-a-benzald- 
oxime, m. p. 103°. In the case of o-nitro-a-benzaldoxime the 
addition of phenylcarbimide did not cause rapid precipitation of the 
carbanilino-derivative, so the solution was kept in the dark, out of 
contact with moisture, for 24 hours. The precipitate then melted 
at 105° and after one crystallisation from light petroleum gave pure 
carbanilino-o-nitro-a-benzaldoxime, m. p. 119°. The crude product 
on hydrolysis gave the a-oxime but no acid and seemed to contain 
no carbaniiino-o-mtro-fi-benzaldoxime, any which might have been 
formed originally having probably undergone isomeric change 
owing to the long period of keeping. 

o-Methoxy-a-benzaldoxime, treated in an analogous manner to 
the above, behaved similarly. The crude product (m. p. 106°) on 
recrystallisation from benzene and light petroleum gave carbanilino- 
o-methoxy-oL-benzaldoxirne , white needles, m. p. 107° (decomp.) 
(Found : N, 10*5. C 15 H 14 0 3 lSr 2 requires N, 10*4%). Hydrolysis 

of the crude product gave o-metkoxy-a-benzaldoxime but no 
o-methoxybenzoic acid. 

Action of Phenylcarbamyl Chloride on the Sodium Salts of u-Ald- 
oximes .—The behaviour of two oximes, viz., m-nitro- and p-methoxy- 
a-benzaldoxime, was investigated. The oxime was dissolved in 
dry ether, the calculated quantity of sodium dissolved in the 
minimum of alcohol added, the precipitated sodium salt washed 
with dry ether, and dried for a week in the dark over solid sodium 
hydroxide in a vacuum. The finely powdered salt was suspended 
in dry ether, in a well-stoppered vessel, and freshly prepared 
phenylcarbamyl chloride (1 mol.) added. The mixture was kept 
for 2 hours, with occasional shaking, filtered, and the solid extracted 
with cold chloroform. The residue, after being washed with water 
to remove sodium chloride, contained a very small quantity of 
diphenylcarbamide. In the case of m-nitro- a-benzaldoxime the 
chloroform solution was diluted with light petroleum; the preci¬ 
pitate formed consisted of slightly impure carbanilino-m-nitro-a- 
benzaldoxime. Alkaline hydrolysis gave only the oc-oxime and no 
m-nitrobenzoic acid. In the case of p-methoxy-a-benzaldoxime, 
the chloroform was removed by a current of dry air; the crude 
product (m. p. 99°) was carbanilino-p-methoxy-a-benzaldoxime, 
alkaline hydrolysis giving the a-oxime and no acid. 

Diphenylcarbamyl-o~methoxy-$-benzaMoxime .—A solution of 
sodium (0*76 g.) in the minimum of absolute alcohol was added to a 
solution of o-methoxybenzaldoxime (5 g.) in dry ether, followed by 
a large excess of ether. The precipitated sodium salt was washed 
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with ether and dried in a vacuum over solid sodium hydroxide, 
suspended in dry chloroform with diphenylcarbamyl chloride 
(7*7 g.)> and heated under reflux for 4 hours. The sodium chloride 
formed was separated, and the filtrate evaporated at room temper¬ 
ature. The oil was treated with 10 c.c. of 2A 7 -sodium hydroxide 
and 10 c.c. of ether, the whole being well stirred together. The 
colourless crystals separating were collected, washed with a little 
ether, then with water, and dried in a vacuum. On crystallising 
from light petroleum to which about 10% of benzene had been added 
to increase the solvent action, diphenylcarbamyl-o-rnethoxy^- 
benzaldoxime was obtained in small, colourless needles, m< p. 124° 
(decomp.) (Found: N, 8-2. C 12 H 18 0 3 N 2 requires N, 8*1%). On 
hydrolysis with sodium hydroxide under reflux, ammonia was 
evolved, and diphenylamine and o-methoxybenzoic acid were 
isolated from the solution. 

Action of Ethyl Chloroformate on a- and (3 -Cinnamaldoxifms 
(compare Brady and McHugh, J., 1923, 123, 1190).—a-Cinnamald- 
oxime (1 g.) was dissolved in 2A"-sodium hydroxide (20 c.c.), and 
ethyl chloroformate (0*8 g.) added with cooling and shaking. The 
precipitate was washed with water, pressed on a tile, washed with a 
very little ether, and crystallised from benzene and light petroleum, 
when carbethoxy-x-cinnamaldoxime was obtained in pale yellow 
crystals, m. p. 64° (Found : N, 6*6. C 12 H 13 0 3 N requires N, 6*4%). 
On hydrolysis by heating on the water-bath for an hour with 2N- 
sodium hydroxide and saturating with carbon dioxide, the a-oxime 
was recovered.* When [3-cinnamaldoxime was treated under the 
same conditions with ethyl chloroformate, an uncrystallisable oil 
was obtained, which was identified as cinnamonitrile by its boiling 
point and by hydrolysis to ammonia and cinnamic acid. 

Action of <x.-N aphthylcarbimide on a- and $-Oinnamaldoximes 
(compare Brady and Ridge, J., 1923, 123, 2163).—a-Cinnamald- 
oxime in dry ether was mixed with an equal weight of a-naphthyl- 
carbimide in a stoppered vessel; after 1 hour, glistening, pale 
yellow plates of oL-riaphthylcarbamyl-oi-cinnamaldoxime separated, 
m. p. 152° (decomp.). Crystallisation from acetone and water did 
Hot alter the melting point (Found : N, 9*0. C 20 H 16 O 2 N 2 requires 

8*9%). Hydrolysis with hot 2A T -sodium hydroxide for an hour 
gave a-naphthylamine, s-di-a-naphthylcarbamide, and a-cinnamald- 
oxime (see Brady and Ridge, loc. cit ., for a general method of 
separation). 

To a solution of:■ g-cinnamaldoxime in dry ether was added an 
equal weight of a-naphthvlcarbimide. After keeping for 30 minutes, 
glistening, deep yellow plates were deposited which, after being 
washed with dry ether, consisted of yellow oc-naphthylcarbainyl- (3- 
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cinnamaldoxime , m. p. 125° (decomp.) (Found : N, 9*0. C 20 H 16 O 2 N 2 
requires N, 8*9%). This compound could not be crystallised. 
When it was dissolved in cold acetone, and water added cautiously, 
rectangular plates of colourless oL-naphthylcarbamyl-$-cinnama>ld- 
oxime separated, m. p. 125° (decomp.) (Found : N, 8*9%) (compare 
Brady and Thomas, J., 1922, 121, 2105, for similar behaviour with 
phenylcarbimide). A mixture of the yellow and white modi¬ 
fications still melted and decomposed at 125°, and both forms on 
hydrolysis with 2JV-sodium hydroxide for an hour gave a-naphthyl- 
amine, s-di-a-naphthylcarbamide, ammonia, and cinnamic acid. 

The Ralph Forster Laboratories op Organic Chemistry, 

University College, London. [Received, July 21 st, 1925.] 


CCCXXIX .—The Isomerism of the Oximes . Part 

XXIV . 4 -M ethoxy-3-methyl-, S-Nitro-A-methyl-, 

and Some ortho-Substituted Benzaldoximes. 

By Oscar L. Brady, Antoinette N. Cosson, and Arthur J. 

Roper. 

This communication is a continuation of those dealing with the 
influence of one or more substituents in the benzene nucleus on the 
formation of the unstable (3-oxime (see this vol., p. 2415, for footnote 
explaining the nomenclature adopted) (Brady and Dunn, J., 1914, 
105, 821, 2409, 2872; 1915, 107, 1858; 1916, 109, 667; Went¬ 
worth and Brady, J., 1920, 117, 1040; Brady and Truszkowski, 
J., 1923, 123, 2434; Brady and Manjunath, J., 1924,125, 1060b 
Some doubt exists how far substitution in the ortho-position with 
respect to the oximino-group prevents the formation of the p- 
isomeride; o-nitrobenzaldoxime, 2 :4-dimethyl- and 2-chloro-3-nitro- 
benzaldoximes have been prepared in two forms by the usual method, 
and o-chloro-p-benzaldoxime was obtained by Behrend and Nissen 
(Annalen, 1892, 269, 390) by the action of alkalis on bisnitrosyl-o- 
chlorobenzyl and by McHugh and one of us (J., 1924, 125, 547) by 
the action of ultra-violet light on the a-isomeride, but attempts to 
obtain it through the hydrochloride were unsuccessful (Dollfus, iter., 
1892, 25, 1923). Similarly, although 2 : 5-dimethyl-p-benzaldoxime 
was obtained by Scholl and KaSer (Iter., 1903, 36, 322) by the action 
of mercuric fulminate on p-xylene in presence of aluminium chloride, 
it could not be prepared from the a-oxime through the hydrochloride 
(Francesconi and Mundici, Qazzetta , 1902, 32, ii, 467). Dollfus 
(Joe. tit.) failed to convert o-methylbenz&ldoxime into the p-form 
and many attempts to prepare the p-isomeride of o-methoxybenzald- 
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oxime under widely varying conditions liave been made, but with¬ 
out success, by one of us and others; failure in the latter case is the 
more surprising since #-methoxy-(3-benzaldoxime is exceptionally 
stable. 

The behaviour of o-balogeno- and o-ethoxy-benzaldoximes has 
now been studied. o-Chloro- and o-bromo-a-benzaldoximes were 
converted into their (3-isomerides through the hydrochloride under 
suitable experimental conditions, but no [3-compound could be 
obtained from o-iodo- and o-ethoxy-a-benzaldoximes. It is notable 
that the (3-isomerides of ortho-substituted compounds can in some 
cases be prepared only under special experimental conditions but 
that when obtained they do not appear to be unusually unstable. 
There seems, therefore, to be no justification for assuming that failure 
to obtain (3-isomerides from certain aldoximes is due to excessive 
instability of that form, and we are of opinion that the explanation 
must be sought either in the constitution of the hydrochloride or 
in some influence hindering the rearrangement of the hydrochloride; 
this view is supported by the formation of (3-derivatives from oximes 
known only in the a-form, e.g. 3 carbanilinodimethylamino-P- 
benzaldoxime (Brady and Dunn, J., 1914,105, 2877). In general, it 
may be said that ortho-substitution does not necessarily inhibit the 
formation of the (3-isomeride, but produces a distinct hindering 
effect. 

The action of alkalis on o-halogenobenzaldoximes has been 
investigated (compare Brady and Bishop, this vol., p. 1357). The 
results are given in the experimental section; the formation of 
salicylic acid from o-iodo-a-benzaldoxime probably takes place 
through the bemmooxazole : 

f^CKNOH /\-CH 

V ' Ux/N 

0 

It is unfortunate that o-iodo-(3~benzaldoxime could not be 
obtained, because we were unable to test further the results of 
Bishop and one of us on the relative ease of formation of the iso- 
oxazole ring from the two isomerides. 

Experimental. 

o-Chloro-tx- and - p- benzaldoximes .—Solutions of hydroxylamine 
hydrochloride (12 g. in 200 c.e. of water) and sodium hydroxide 
(18 g. in 200 c.e. of water) were mixed with cooling, and o-chloro- 
benzaldehyde (20 g.) was added. After 10 minutes, the mixture was 
shaken with ether to extract impurities such as o-chlorobenzyl 
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chloride (which are frequently present in the aldehyde). The 
a-oxime was precipitated from the alkaline solution with carbon 
dioxide, crystallised from benzene, dissolved in concentrated hydro¬ 
chloric acid, and the solution saturated with hydrogen chloride and 
poured slowly into a large excess of 2A-sodium carbonate with very 
vigorous stirring. The oxime thus precipitated was washed, rapidly 
dried (m. p. 62—96°) on a porous tile, dissolved in benzene, and light 
petroleum added; the (3-oxime then crystallised, m. p. 101—103° 
(Behrend and Nissen, lot . cit ., give m. p. 98—102°, and Brady and 
McHugh, lot . cit., 110°). 

When a solution of the a-oxime in dry ether was saturated with 
hydrogen chloride, no precipitate appeared, but on scratching for a 
few minutes a hydrochloride separated as a white, crystalline powder, 
m. p. 108° (decomp.) (Found : Ionisable Cl, 17*9. C 7 H 7 0NC1 2 
requires ionisable Cl, 18*5%). On decomposition with 2A r -sodium 
carbonate this regenerated the a-oxime, and a similar result was 
obtained when boiling benzene was employed as solvent (compare 
Brady and Dunn, J., 1923, 123, 1783). 

o-Bromo-ac-benzaldoxime. —The preparation of o-bromobenzalde- 
hyde from o-bromotoluene by Etard’s reaction having given very poor 
yields, the following, more satisfactory, method was used. Acetic 
anhydride (40 g.), glacial acetic acid (30 g.), concentrated sulphuric 
acid (15 g,), and o-bromotoluene (5 g.) were mixed cautiously in the 
order named, cooled to 0°, chromium trioxide (10 g.) in glacial 
acetic acid (30 g.) was slowly added, the temperature being kept 
below 10°, and the mixture was poured on to crushed ice. The solid 
produced, on crystallising from alcohol, gave o-bromobenzylidene 
diacetate in colourless crystals, m. p. 84—80° (Found: Br, 27*8. 
®n®*n0 4 Br requires Br, 27*9%). The diacetate was boiled under 
reflux for 2 hours with concentrated hydrochloric acid, and the 
solution diluted and shaken with ether. The crude aldehyde 
isolated from the extract was oximated by the method described 
above for the o-chloro-compound; by crystallising the product from 
benzene, pure c-bromo-a-benzaldoxime was obtained, m. p. 102° 
(compare V. Meyer, Ber ., 1892, 25, 2188). This was oriented in 
the usual way by means of acetic anhydride. AcetyLo-bromo-oc~ 
benzaldoxime crystallises from light petroleum or from acetone and 
water in colourless plates, m. p. 66° (Found : N, 5*8. C 9 H 8 0 2 NBr 
requires N, 5*8 %). 

o~Bromo-$-benzaldoxime.~ A solution of o-bromo-a-benzaldoxirae 
in chloroform was saturated with hydrogen chloride. No hydro¬ 
chloride was precipitated, so the solution was added to excess of 
vigorously stirred 2iV'-sodium hydroxide, the alkaline layer separated 
and rapidly saturated with carbon dioxide. The precipitated oxime 
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was rapidly dried on a porous tile and crystallised from benzene, 
o-br<mo-$-benzaldoxime being obtained in colourless needles, na. p. 
126° (Found : N, 7*2. C 7 H 6 ONBr requires N, 7*0%). On treat¬ 
ment with acetic anhydride and sodium carbonate, this gave 
o-bromobenzonitrile, m. p. 51°. No conversion of the a- into the 
(3-oxime was effected by dissolution in concentrated hydrochloric 
acid, etc. A solution of the a-oxime in ether saturated with hydrogen 
chloride gave, on scratching, a hydrochloride as a white, crystalline 
powder, m. p. 115° (decomp.) (Found: Cl, 15*3. C 7 H 7 ONClBr 
requires 01, 15*0%); this on decomposition with sodium carbonate 
regenerated the a-oxime. 

o-Iodo-oc-benzaldoxime.—Oxidation of o-iodotoluene by the method 
described above in the case of o-bromotoluene gave no o-iodo- 
benzylidene diacetate. The aldehyde was therefore prepared by 
Friedlander’s method (Ber., 1884, 17, 456) and the oxime by 
Patterson’s (J., 1896, 69, 1002). The latter, on treatment with 
ethereal hydrogen chloride, gave the hydrochloride as a yellow, 
crystalline powder, m. p. 100—102° (decomp.), but this on decom¬ 
position regenerated the original a-oxime. The other methods, 
described above, also failed to bring about conversion. 

Action of Alkalis on o-Halogenobenzaldoximes. —o-Iodo-a-benz- 
aldoxime was boiled for 2 hours under reflux with 20 times its 
weight of 30% sodium hydroxide. From a portion of the solution, 
acidified with dilute nitric acid, silver nitrate produced a copious 
precipitate of silver iodide. • The remaining portion was acidified 
with dilute sulphuric acid and extracted with chloroform, the 
extract was washed with very dilute sulphurous acid to remove 
iodine and then evaporated. The solid residue on crystallisation 
from water gave salicylic acid, which was identified by direct com¬ 
parison, by its reaction with ferric chloride, and by the formation 
of methyl salicylate. o-Chloro-a- and (3-benzaldoximes ando-bromo- 
a-benzaldoxime gave no ionised halogen under the above con¬ 
ditions; o-bromo-p-benzaldoxime lost some halogen, the solution 
acidified with dilute nitric acid giving a very pronounced opal¬ 
escence with silver nitrate, but the amount of decomposition was 
insufficient for salicylic acid to be isolated. 

o-Ethoxy-a:-benzaldoxime. —The oxime was prepared in the same 
way as [o-chloro- a-benzaldoxime and crystallised from light 
petroleum; m. p. 58° (Low, Monatsh 1891,12, 395). Attempts to 
obtain the ^-isomeride by the methods here described were uni- 
/ formly unsuccessful, the pure a-oxime being invariably recovered. 

4z-Methoxy-%-rmihyl-ci-benzaldoxime. —Solutions of hydroxylamine 
hydrochloride (15 g, in 50 c.c. of water) and sodium hydroxide 
(20 g. in 150 c.c. of water) were mixed with cooling, and 4-methoxy- 
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3-methylbenzaldehyde (30 g.) was added. The aldehyde dissolved 
after 15 minutes’ shaking, and after a further 30 minutes the solution 
was saturated with carbon dioxide; the oil thus precipitated slowly 
solidified. After being dried, it was crystallised by dissolving in 
light petroleum at 60° and cooling rapidly, when the oxime was 
obtained, m. p. 71° (Gattermann, Annalen , 1907, 357, 355, gives 
m. p. 68—70°, but confesses to considerable difficulty in purifying 
his product). During the orientation of the compound in the usual 
way, acetyl-4-methoxy-3-methyl-u-benzaldoxime was obtained; it 
crystallised from light petroleum in white plates, m. p. 70° (Found : 
N, 7*0. C u H 13 0 3 N requires N, 6*8%). 

4-Methoxy-3-methylbenzonitrile .—The a-oxime was boiled for 
90 minutes under reflux with excess of acetic anhydride, and the 
solution thus obtained was cooled and poured into 2I\T-sodium 
carbonate. When the excess of anhydride had been decomposed, 
the mixture was placed on ice and left over-night; the oil had then 
solidified. A solution of the solid in absolute alcohol, on evaporating 
slowly, deposited 4-methoxy-3-methylbenzonitrile in colourless needles, 
m. p. 51—52° (Found : N, 9*7. C 9 H 9 ON requires N, 9*5%). This 
was hydrolysed by boiling for 2 hours with 2A r -sodium hydroxide, 
the solution cooled, acidified with hydrochloric acid, and the 
precipitate crystallised from alcohol, 4-methoxy -3 -methylbenzoic acid 
being thus obtained in small, colourless needles, m. p. 192° (Found : 
C, 64*9; H, 6-2. C 9 H 10 O 3 requires C, 65*1; H, 6*0%). This acid 
was also obtained, but in poor yield, by heating the aldehyde for an 
hour with ammoniacal silver nitrate, filtering the hot solution, and 
acidifying the filtrate with nitric acid. 

4-M ethoxy-3-methyl-$-benzaldoxime >—A solution of the a-oxime 
in warm chloroform was saturated during 15 minutes with hydrogen 
chloride. The precipitated hydrochloride, a white, crystalline 
powder, m. p. 171° (decomp.) (Found: 01, 17*4. C 9 H 12 0 2 NC1 
requires Cl, 17*6%), was dissolved in excess of cold 2N-sodium 
hydroxide and a saturated solution of ammonium chloride added, 
when 4-methoxy-3-methyl-$-benzaldoxime was precipitated; it 
crystallised from acetone and water in microscopic, colourless needles, 
m. p. 121° (Found : N, 8*3. C 9 H n 0 2 N requires N, 8*5%). When 
its configuration was determined with acetic anhydride, this oxime 
gave 4-methoxy-3-methylbenzomtrile. 

Z-Nitro-4-methyl~x-benzaldoxime .—Hydroxylamine hydrochloride 
(8 g. in 25 c.c. of water) was mixed with sodium hydroxide (10 g. in 
75 c.c. of water), and 3-nitro-4-methylbenzaldehyde (16 g.) in a 
minimum of warm alcohol added. After 2 hours, the solution was 
saturated with carbon dioxide, and the precipitate, after washing, 
crystallised from alcohol; Z-nitroA-methyl-x-benzaUoxime was then 
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obtained in pale yellow needles, m. p. 118—120° (Found : N, 15'6. 
C 8 H 8 0 3 N 2 requires N, 15*6 %). Cold acetic anhydride and sodium 
carbonate solution gave acetyl-Z-nitroA-methyl-'X-benzaldoxime, which 
separated from acetone and water in colourless crystals, m. p. 104° 
(Found : N, 12*5. C x oH 10 0 4 N 2 requires N, 12*2%). On hydrolysis, 
it regenerated the original oxime. 

Z-Nitro^methyl-$*benzaldoxime> —A solution of the oc-oxime in 
warm dry chloroform, on saturation with hydrogen chloride, gave 
a white, crystalline precipitate of the hydrochloride, m. p. 140° 
(decomp.) (Found; Cl, 16*4. C 8 Hg0 3 N 2 Cl requires Cl, 16*6%). 
This was rapidly dissolved in 2^-sodium hydroxide (3 equivs.), and 
a saturated solution of ammonium chloride added; the precipitate of 
Z-nitroA-methyl-$-benzaldoxime separated from acetone and water 
in colourless crystals, m. p. 135° (Found ; N, 15*5. C 8 H 8 0 3 N 2 
requires N, 15*6%). With acetic anhydride and sodium carbonate 
solution, this oxime gave 3-nitro-4-methylbenzonitrile. 

The Balrh Forster Laboratories or Organic Chemistry, 

University College, London. [Received, July 21*;,. 1925.] 


CCCXXX .—The Periodic Crystallisation of Pure 
Substances. 

By Ernest Sydney Hedges and James Eckersley Myers. 

Several investigators have observed the production of periodic ‘ 
structures resembling the Liesegang phenomenon in the crystallis¬ 
ation of thin films of pure substances from a melt or from solution. 
Thus, Alexeev (J. Ev.ss. Phys . Chem Soc ., 1906,38,1120) reports that 
ethyl ethanetetracarboxylate, benzophenone, and coumarin crystal¬ 
lise in concentric zones when a thin layer of the molten substance 
is allowed to cool. Rhythmic crystallisation of sulphanilic acid- 
sulphuric acid mixtures, y-toluonitrile, said, and methylsalicylic 
acid has formed the subject of an investigation by Schubert 
{Rolloid-Z., 1924, 35, 219), whilst Garner and Randall (J., 1924, 
125, 369) have shown that thin films of certain higher fatty acids 
crystallise in the form of waves. Vorlander and Ernst (Z. phydkaL 
CAem., 1919, 93, 521) and Kagi (Helv. Chirn. Acta , 1923, 6, 264) 
observed crystallisation in concentric rings of other organic sub¬ 
stances : from a state of solution. The rhythmic crystallisation of 
thin films of molten sulphur has been investigated by Fischer- 
Treuenfeld (KtMoidZ., 1915, 16, 109) and by Kdhler (ibid., .1915, 
17, 10). The cause of the phenomenon has been attributed by 
Alexeev (loc. dt.) to local alterations in surface tension due to the 



The periodic crystallisation of benzoic acid from sulphuric 
acid-etliyl alcohol solution. 


Ftq. 2. 



The effect is not confined to a surface film, but extends 
throughout the whole mass. 
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liberation of beat of crystallisation, and this view has also been 
urged by some more recent investigators. 

Some cases are on record of the periodic crystallisation of 
inorganic salts from aqueous solution, the best-known instance 
being potassium dichromate (Miers, Min . Mag., 1908, 15, 39). 
Similar effects have been observed with sodium carbonate by 
Hofsass (Z. physiJcal. Chem., 1919, 93, 754). 

Experimental. 

The present authors have carried out some experiments with 
thin films of solutions of chrome alum and of barium nitrate. In 
these cases, the best method of procedure is as follows : a drop 
of an aqueous solution of the substance saturated at room tem¬ 
perature is spread on a microscope slide, which is then w r armed 
gently over a Bunsen flame and quickly transferred to the micro¬ 
scope. It is essential that the slide be carefully cleaned to facilitate 
spreading of the drop. The alternate periods of rapid and slow 
growth starting from the edge of the drop and producing corre¬ 
sponding rings of branched growths and geometrical crystals of 
potassium dichromate have been described by Miers (loc. cit.). 
With chrome alum, crystallisation proceeds much more slowly with 
the formation of a metastable, optically active, spherulitic form 
(compare Miers, Min. Mag ., 1906, 14, 134). The bands consist 
of alternate zones of small and large spherulites. Crystallisation 
proceeds initially at a fairly rapid rate with the formation of a 
large number of small particles, and then at a slower rate with 
formation of a smaller number of large particles, the two speeds 
thereafter alternating. Similar observations were made with 
barium nitrate. 

These observations are analogous to those of Hatschek (2nd 
Brit. Assoc. Colloid Report, 1918) on the distribution of particles 
with respect to size in rhythmic precipitation structures. In 
general, the periodic structure only appears in these cases when the 
film of liquid is very thin and the rate of crystallisation fairly rapid; 
the distance between the rings decreases for thinner films and with 
increasing rate of crystallisation. The view put forward by Miers 
is that crystallisation of the first ring takes place by inoculation 
when part of the solution reaches the labile state by cooling : as 
soon as this rapid growth has reduced the concentration of the 
solution in the immediate vicinity to the metastable condition, the 
crystals continue to grow slowly; in the meantime, the next ring 
of solution is becoming labile by evaporation and cooling and the 
rapid crystallisation recommences at some point. Such an ex¬ 
planation seems to meet the case of potassium dichromate, but it 

VOL* OXXVIL 4M 
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is doubtful whether its applicability is universal. The authors 
would point out that at least in the case of chrome alum the 
periodicity is only observed when the metastable, spheralitic form 
appears, and this suggests a link with other types of physicochemical 
periodicity (Hedges and Myers, J., 1924,125, 604,1282; this vol., 
pp. 445,1013), which are associated with surfaces which are believed 
to be in a metastable state. It seems probable that periodic 
phenomena are a general characteristic of such metastable systems, 

The foregoing instances are characterised by conditions where 
a small quantity of substance exhibits a large surface, but this does 
not appear to be essential for rhythmic crystallisation. The present 
authors have observed that benzoic acid crystallises in a very 
beautiful wave-form from mixtures of sulphuric acid and ethyl 
alcohol. This effect is well portrayed in Fig. 1. It is not a surface 
formation, but affects the whole mass of substance, the layers being 
arranged round the crystallisation nuclei like the coats of an onion. 
Fig. 2, which is another photograph of the same specimen taken 
from a different aspect, illustrates the solidity of the effect. 

This phenomenon can be reproduced by warming 5 g. of benzoic 
acid with 12—20 c.c. of an equal-volume mixture of sulphurio 
acid and ethyl alcohol and setting aside to cool. The crystallis¬ 
ation starts from nuclei and spreads radially with constant decrease 
in the distance between successive rings. Although in almost all 
cases of rhythmic crystallisation the distance between successive 
rings is considerably less than a millimetre, in fact being often 
observable only by means of a lens, in the present case the effect 
is on a comparatively enormous scale and the rings in the speci¬ 
men photographed were about a centimetre apart. Examination 
shows the layers to consist of closely packed crystals of benzoic 
acid separated by spaces containing mostly solution with some 
benzoic acid crystals sufficient to give rigidity to the whole. 
Crystallisation of benzoic acid from sulphuric acid or ethyl alcohol 
alone does not give rise to such periodic formations. 

The authors wish to express their best thanks to Sir Henry A. 
Miers, F.R.S., in whose laboratory some of the experiments were 
carried out. 

The University, Manchester. 


[Received, July Slat, 1925.] 
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CCCXXXI ,—The Rotation-Dispersion of Optically 
Active Compounds . Dimethoxy succinates and 

Pyridine . 

By Thomas Stewart Patterson and James Davidson Pulton. 

Modern work on optical activity has disclosed, in general, the very 
important fact that if, under two entirely different sets of circum¬ 
stances (temperature, concentration, solvent), the rotations for 
some particular colour, say sodium yellow, are the same, then the 
rotations for all the other colours also will be the same or very 
nearly the same, each to each. This is the lesson of the char¬ 
acteristic diagram, and it holds not merely for one and the same 
substance in different sets of circumstances, but also for derivatives 
of that active substance. 

Prom the characteristic diagram we are thus able to foretell 
for a group of related compounds that if by varying the external 
conditions we can produce a certain rotation for one colour of 
light, the rotations for other colours will have certain definite 
values. But the characteristic diagram, unfortunately, does not 
indicate the physical conditions necessary to bring about a certain 
effect, or how they may be produced. Further, the characteristic 
diagram, although of a remarkably general character, is only an 
approximation, and, as far as can be judged at present, there are, 
probably, definite limits to its application. Thus for many sub¬ 
stances, the rotation passes through a maximum or minimum value 
with change of temperature, and the data at present available are 
insufficient to show whether the rotation values on both sides of 
such a maximum fall upon a single characteristic diagram or not. 
It is clear that the difference between the rotation values for two 
colours of light—what may be called the dispersion—is directly 
proportional to either value, if calculated from the point of inter¬ 
section for these two colours—the rational zero. Using the rational 
zero, a dispersion coefficient may be arrived at which shows very 
fair constancy under widely differing circumstances and may in 
future prove to be definitely characteristic of a particular substance 
or group of substances. 

The experimental difficulties encountered in examining the 
rotation of an active substance over a wide range of temperature 
are considerable, and therefore only a comparatively short part of 
the T~B curves for most active compounds has been ascertained. 
It has been suggested, however, by one of us, that this difficulty 
can be at least partly overcome by piecing together T-R curves 
or solutions of the active compound in question, or derivatives of 

4m 2 
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it, just as a characteristic diagram is constructed by piecing together 
data of different kinds—the evidence being indeed just the same in 
both cases. The question, similar to that already referred to, 
then arises, as to whether the dispersion-coefficient derived from 
such T-E curves would have the same value as for the mother- 
substance, when calculated from the rational zero. It was with a 
view to collect further evidence of this kind that the work described 
below was undertaken. 

For our purpose it is desirable to study substances the rotations 
of which vary as much as possible with change of external con¬ 
ditions. Some previous work had shown that benzyl tartrate has 
a fairly high rotation, and, moreover, that the maximum in the 
T-E curve lies at a moderate and easily ascertainable temperature 
(J., 1913, 103, 148). We therefore thought it worth while to 
examine in the first place dibenzyl dimethoxysuccinate, hoping that 
its rotation would be both high and easily variable. 

Dibenzyl dimethoxysuccinate was prepared from ^-dimethoxy- 
succinie acid (J., 1901, 79, 959) (1 mol.) by heating with pure 
benzyl alcohol (4 mols.) at 120° for about 16 hours and allowing 
the water formed to distil off. The excess of alcohol was removed 
under diminished pressure; the crude ester was washed with 
dilute sodium carbonate solution, taken up in chloroform, dried 
over calcium chloride, and distilled (yield 70%). It was slightly 
coloured and fairly mobile. Purified by careful distillation, it 
boiled at 180—190°/3 mm.; = 1-5321 (Found: C, 66*8; H, 
6-1. requires C, 67*0; H, 6*1%). 

The rotation of this ester was examined for six different wave¬ 
lengths of light at temperatures ranging from 0—100°. In the 
case of the homogeneous substance, the examination was continued 
up to 174°. The results are shown in Fig. 1, which gives the curves 
obtained for mercury green light alone. It will be seen that the 
specific rotation of the homogeneous benzyl dimethoxysuccinate, 
which has a high value of about 115° at zero, gradually falls to 
reach a value of 68° at a temperature of 180°, the appearance of 
the curve suggesting a maximum value at some temperature 
considerably below zero and a minimum value at a temperature 
possibly in the neighbourhood of 250°. 

The influence of solvents upon this ester is also apparent from 
the diagram. Acetylene tetrabromide lowers the rotation of the 
ester considerably. m-Xylene lowers it only slightly. Nitro- 
toluene and quinoline both raise the rotation markedly. The general 
appearance of the curves is very similar to what has been observed 
already for the rotation of ethyl tartrate, but the displacement 
of a maximum or minimum value is not so obvious. 
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For purposes of comparison, the temperature-rotation curves of 
some other related compounds were examined. Benzyl tartrate 
(J., 1913, 103, 176) in quinoline has a much lower rotation than 
benzyl dimethoxysuccinate, but the general appearance of the 
curve is similar. The rotation of methyl dimethoxysuccinic acid 

Fig. 1. 

Influence of solvents on the rotations of various related compounds. 



I. d -Dimetkoxysuccinic acid in pyridine, p — 7*8435. II. Methyl d -di¬ 
methoxysuccinate in quinoline , p = 5-5020. III. Benzyl d-dimethoxysuccinate 
in quinoline , p — 5-1758. IV. Benzyl d-dimethoxysuccinate in o-nitrotolu&ne , 
p = 4*860. v. d -Dimethoxysuccinic acid in acetone > p = 15*982. VI. Benzyl 
d-dimethoxysuccinate {homogeneous). VII. Benzyl d-dimethoxysuccinate in 
m-xylene 9 p = 6*6875. VUI. Benzyl d-dimethoxysuccinate in acetylene tetra- 
bromide, p = 3*0660. IX. Benzyl tartrate in quinoline, p = 9*4489. 

in acetone is considerably higher, but the curve is again of a similar 
form, the rotation gradually diminishing as the temperature rises. 
Dimethoxysuccinic acid dissolved in pyridine gives again a T-B 
curve of a similar form, the rotation, however, being much higher. 
Methyl dimethoxysuccinate dissolved in quinoline, shows, for^all 
the colours of light examined, a behaviour suggesting a maximum 
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at a temperature in the neighbourhood of zero. It is clear, however, 
that any fundamental type of curve for these different compounds 
is not displaced to nearly so great an extent as is the curve for 
ethyl tartrate. All these curves, with the possible exception of 
that for methyl dimethoxysuccinate in quinoline, suggest that the 
T-R curve would rise to a maximum at lower temperatures than 
those examined. Homogeneous ethyl tartrate and the same ester 
dissolved in a number of solvents exhibited just the opposite 
behaviour. For homogeneous ethyl tartrate and for the ester in 
some solvents, the maximum is actually apparent. In some other 
solvents such as quinoline, pyridine, and benzaldehyde, the curves 
obtained suggest that a maximum value would lie, in these solvents, 
at a much lower temperature. On plotting on a characteristic 
diagram the results obtained with methyl dimethoxysuccinate in 
the homogeneous condition and in the solvents mentioned, it is 
found that the data lie fairly well upon straight lines, which for 
green and yellow light would -intersect in the neighbourhood of a 
point corresponding to the rotation +9°. Table I gives the 
necessary data and the rational dispersion coefficients calculated 
therefrom. 

Table I. 

Dispersion Coefficients for Benzyl ^-Dimethoxysuccinate. 

My/Mg is the rational dispersion coefficient for the rational zero [a] = + 9°. 

Physical state. t°. [a] y . [a] g . [a] y /[a] g . 


Homogeneous .... 100° 72-72° 82*84° 0-8630 

. . 139*5 65-98 74-82 0*8659 

In quinoline ............. 0 134*9 154*59 0*8648 

. 69-2 100*4 115*02 0-8621 

In nitrotoluene .. 13-6 127*06 145*51 0*8648 

.... 72 95*13 108*25 0*8678 

In acetylene tetrabromide ... X4 62*25 70*62 0*8642 

44*2 58-77 66-63 0*8636 

Inm-xylene..* 43*7 83-11 95*04 0*8614 

. .. 69 76*73 87*31 0-8649 


It will be observed that the coefficient is very constant, differences 
only occurring in the third decimal place. Its mean value is 
0*8642. 

In Table II are shown similar dispersion coefficients for the 
other substances which have been examined and it will be seen 
that the dispersion coefficient is slightly higher than before, having 
a mean value of about 0*876 when the values are calculated from 
a rational zero of + 9°. 

The data of Tables I and II have reference, as will be apparent 
from Fig. 1, to a region of the T—R curves to the right of the 
m axim um. It is of interest now to compare them with similar 
data for ethyl tartrate applying to T-R curves on the other side of 
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Table II. 

Dispersion Coefficients for cZ-Dimethoxysuccinic Acid and for Methyl 
d-Dimethoxysuecinate. 

[a] y /[a]g is the rational dispersion coefficient for the rational zero [a] = + 9°. 

Physical state. t°. [a] y . [a] g . [a] y /[a] E . 

<2-Dimethoxysuccinic acid in 

pyridine . 0° 180-96° 204-38° 0-8801 

tf-Dimethoxysuccinic acid in 

pyridine . 69 142-37 161-24 0-8761 

In acetone . 12 94-00 106-29 - 0*8737 

.. 30-5 91-96 103-75 0-8756 

Methyl d-dimethoxysuccinate 

in quinoline . 0 114-55 129-40 0-8786 

Methyl d-dimethoxy-succinate 

in quinoline . 67 105-67 119-39 0-8757 

the maximum, namely, between temperatures of 40° and 140° 
(J., 1916, 109, 119). The rational zero then found was + 7*92°, 
very close, therefore, to that (+ 9°) obtained from our present 
experiments. The mean value of the rational dispersion coefficient 
was 0*8660, again close to the values found above. Our results 
lend support, therefore, to the idea that even when the data are 
taken from T-R curves apparently on different sides of the maximum 
rotation, the rational dispersion-coefficient shows something like a 
real constancy. 

Rotation of Nicotine. 

Since it was not found possible to vary the rotation of the 
dimethoxysuccinates as much as we had hoped, we next under¬ 
took an examination of nicotine, the rotation of which is known 
to vary to some considerable extent, but has not hitherto been 
examined very completely in regard to change of colour, tem¬ 
perature, and concentration. Previous workers have given the 
following values for the constants of the homogeneous substance : 

Mf. dy. 

Landolt {“ Das Optischo Drehungsvermogen,” 


2nd ed., 1898, p. 159) . 161*55° 1*01101 

German (Z. physikal . Ohem 1896, 10, 130) ...... 162-84 1*01071 

Winther (ibid., 1907, 60, 563) .. 163*85 — 

Jephcott (J., 1919, 105, 105) ... 168-61 1-00925 


The first three purified their nicotine by vacuum distillation 
only. In the last case the nicotine was purified by means of the 
zinc chloride double salt (Vohl, J. pr. Chem 1870, 2, 331). We 
used 96% nicotine, purified it by preparation of the double salt 
with zinc chloride, decomposed this in sodium hydroxide, dried 
the nicotine over solid sodium hydroxide, and then distilled it 
under reduced pressure, using a Claisen flask with a long side arm, 
and a receiver of the type described in J, Soc. Chem . Ind., 1924, 
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43, 283, thus avoiding completely any contact of the hot vapour 
or liquid with cork or rubber. A colourless, odourless liquid was 
obtained. Two separate preparations gave: (1) [a] 2 ^* 168*02°, 
df 1*0095; (2) [<x]ff 167*78°, df 1*0100. The homogeneous 
substance was then examined for six colours of light over a range 
of temperature from 0—100°, in polarimeter tubes having a side 
arm to allow of expansion of the liquid. In order to prevent 
oxidation of the nicotine by air, a slow current of hydrogen was 
passed into the side arm. This proved entirely satisfactory; no 
coloration of the solution due to oxidation of the nicotine took 
place even at 100°, at which temperature oxidation in presence 
of air is extremely rapid. The data obtained, when plotted on a 
diagram, indicate that the change of rotation of nicotine with 
temperature is only slight, but the shape of the curves suggests 
the occurrence of a minimum at a temperature probably in the 
neighbourhood of 170° or thereabouts. 

Nicotine was then examined in a number of solvents. o-Nitro- 
tpluene as a solvent diminishes to some slight extent the rotation 
of nicotine, which is then almost unaffected by temperature change. 
In ethyl acetate, the rotation is depressed almost to the same extent, 
but not quite so much as in o-nitrotoluene, the temperature 
coefficient being again very small. a-Bromonaphthalene raises 
the rotation of nicotine, the temperature coefficient becoming 
somewhat greater at the same time—-the rotation becomes more 
negative as the temperature rises. In quinoline, nicotine has a 
rotation at zero of — 152°. It falls steadily until at 100° the value 
is — 179°. This temperature-rotation curve is therefore quite in 
agreement with the others. Water raises the rotation of nicotine 
considerably, the value at zero being — 90°. Heating lowers the 
value much as in quinoline. Formamide also was used as a solvent, 
and in this case the rotation fell from — 35*6° at zero to — 77*5°. 
The formamide which we had used, however, was found to contain 
some formic acid; nevertheless, the curve obtained, as in many 
other cases, fits in along with those for the other solvents. We 
had hoped to raise the rotation of nicotine into the neighbourhood 
cl [a] — 0° in order to be able to examine a definite region of 
anomalous dispersion, but we have found no “ inert ” solvent 
which is capable of producing this effect. It is one of the inter¬ 
esting things, however, about the study of optical activity in 
solution that a solvent which combines chemically with the active 
compound behaves in very much the same way as one which would 
. normally be regarded as indifferent; otherwise the characteristic 
diagram would be impossible. The increase In the rotation of the 
nicotine in the experiment just mentioned was doubtless partly 
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due to the formamide itself and partly due to the action of the 
formic acid which it contained. Solution of nicotine in an excess * 
of 3*2095iV-aqueous sulphuric acid raised the rotation at 0° to 
30*45°, and, on heating, the rotation gradually fell to 19*5° at 90°. 

From the data for the various solutions examined, the char¬ 
acteristic diagram shown in Fig. 2 is obtained. It will be seen that 
the data obtained lie in a fairly satisfactory manner on the lines 
of the diagram. The data for the rotation of nicotine in excess of 
sulphuric acid are in agreement with the others. It seems clear 


Fig. 2. 



Characteristic diagram of nicotine in © sulphuric acid (excess), © formamide, 
© water, © quinoline, o -nitrotoluene, • homogeneous, 

from the diagram that if the rotation for green light could be made 
to take on a value in the neighbourhood of + 3° or 4°, the rotation 
dispersion would be visibly anomalous; the lines of the characteristic 
diagram intersect over a range. The behaviour of nicotine may 
therefore be said to be normal, inasmuch as it conforms to that 
observed for the large majority of—if not indeed for all—active 
compounds. 

When dispersion coefficients, [a] 5790 /[a] 5461 , are calculated for 
nicotine from these data using the rational zero + 3°, the values 
found show a very fair constancy, the mean value being 0*8674. 

* Such that all the nicotine existed, presumably, as sulphate. 
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The colours of light used were as follows : 



r i* 

r 2 . 


y* 

g- 

b. 

V. 

A ....... 

.. 6716*3 

6234*3 

5790*3 

5460*7 

4959*7 

4358-3 

Homogeneous benzyl d-dimethoxysuccinate . Densities determined ; 

: 1*1730 

at 16*4°; 

1*1551 at 41°; 1*1320 at 70- 

75°; X-1064 at 100°, 



U 

d. 

Mrv 

Mr,- 

My* 


[a]b. 

[a] v . 

0° 

1*1813 

72*83° 

85*16° 

100-6° 

114*17° 

148*6° 

193*3° 

16*3 

1*1732 

69*91 

80*25 

94*99 

1108*05 

135*5 

181*2 

44*4 

1*1523 

62*29 

73*42 

86*14 

98*54 

123*8 

166*1 

70*5 

1*1324 

56*99 

68*08 

79*65 

90*20 

114*1 

152*7 

100 

1*1064 

52*40 

61*64 

72*72 

82*84 

104*0 

139*8 

139*5 

1*0685 

47*09 

55*80 

65*98 

[ 74-82 

93*84 

127*5 

174*5 

1*0321 

43*31 

51*45 

60*32 

68-58 

86*21 

117*6 


Benzyl d-dimethoxysuccinate in quinoline , p = 5*1758. Readings for some 
colours could not be taken at 100° owing to the darkening of the quinoline 
in solution. Densities determined : 1*0982 at 17*5 °; 1*0740 at 48*5°; 1*0511 
at 76°; 1*0312 at 100°. 


t. 

d. 

M«- 

[air,. 

[a]y. Mg. Mb* 

Mv* 

0° 

1*1148 

97-05° 

114*3° 

134*9° 154*6° — 

— 

15*2 

1*1020 

90-64 

105*3 

126-6 142-9 178*8° 

243*9° 

44*2 

1-0775 

80-33 

93*96 

108-7 128*0 158-4 

216*1 

69*2 

1*0566 

72-97 

84*30 

100-4 115*0 142-0 

198*8 

100 

1*0312 

67-66 

73*69 

— — — 

— 

Benzyl d-dimethoxysuccinate 

in nitrotoluene , p — 4*860. Densities deter- 

mined: 

1*1682 at 16 

■7°; 1-1413 at 43*4° ; 

; 1-1150 at 70-7°; 1-0874 at 100°. 

t . 

d. 

[air,. 

Mrs* 

My Mg. 

Mb* 

0° 

1*1843 

98-51° 

115-2° 

137*0° 155*5° 

197*0° 

13*6 

1*1709 

90*50 

107-0 

127*0 145*5 

184*0 

43*5 

1*1411 

79*13 

93-2 

109*0 124*2 

158*4 

72 

1*1139 

68*53 

80-4 

95*13 108*3 

137*1 

100 

1*0874 

61*12 

71*2 

83*45 95*8 

119*0 

Benzyl d-dimethoxysuccinate in acetylene tetrdbromide, p = 3*066. 

Densities 

determined: 2*8405 at 16*2°; 2*7853 at 42°; 2*7184 at 72*8°,* 2*6651 at 08*8°. 

t. 

d. 

[air,- 

[air,. 

My* Mg* 

Mt- 

0° 

2*8755 

47*18° 

53-99° 

63*18° 72*48° 

118*2° 

14*0 

2*8452 

45*40 

53*73 

62*25 70*62 

116*2 

44*2 

2*7804 

43*46 

49-74 

58*77 66*63 

111*6 

70*6 

2*7238 

40*59 

47*42 

55*92 63*34 

105*4 

98*8 

2*6651 

38*67 

44*79 

53*24 60*46 

100*8 

Benzyl d-dimethoxysuccinate 

in m-xylene, p — 6*6875. Densities deter- 

mined : 

0-8865 at 14-2°; 0-8630 at 42-2° 

; 0*8375 at 71°; 0*8122 at 99°. 

U 

d. 

[air,. 

[air,. 

My. Mg» Mb« 

Mr* 

16*9° 

0*8843 

68*91° 

77*68° 

91*10° 103*5° 131*8° 

175*3° 

43*7 

0*8614 

60*22 

70*31 

83*11 95*04 120*7 

160*0 

m 

0*8392 

55*13 

64*82 

76-73 87*31 111*4 

147*7 

* 98-7 

0*8126 

50*47 

59*58 

70*39 80*28 102*4 

135*4 

d-Dimeihoxjfsuccinic acid in 

pyridine , 

p = 7*8435. Densities determined ; 

1-0137 at 15°; 0-9865 at 41-8° 

; 0-9621 at 66-7°; 0-9293 at 98-7°. 


t . 

d> 

Mr,* 

Mr*. 

My* Mg* Mb. 

M*. 

0° 

1*0287 

129*9° 

152*8° 

181*0° 204*4° 255*3° 

336-3° 

14*8 

1*0140 

122*6 

143*6 

170*1 192*0 241*2 

318*9 

46*4 

0*9819 

111*4 

130*1 

151*3 172*6 • 218*0 

287*8 

69 

0*9592 

103*1 

120*2 

142*4 161*2 201*1 

268*4 

99 

0-9293 

92*8 

110*0 

128*2 146*1 184-0 

243*5 
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d-Dimethoxysuccinic acid in acetone, p — 15*982. Densities determined: 
0*8558 at 21*5°; 0*8433 at 33°; 0*8327 at 42*8°. 


t. 

d. 

Mrx* 

Mr*. 

My* 

Ms* 

0° 

0*8787 

70*08° 

81*82° 

95*36° 

108*5° 

12 

0*8656 

70*24 

80*08 

94*00 

106*3 

30*5 

0*8459 

68*15 

76*52 

91*96 

103*8 

46*6 

0-82S3 

65*95 

73*12 

88*98 

100*8 


Methyl d-dimethoxysuccinatc in quinoline , p = 5*502. Densities deter¬ 
mined : 1*1026 at 14°; 1*0804 at 40*7°; 1*0582 at 68*3° ,* 1*0326 at 100-2°. 


t . 

d. 

Mr*- 

Mr*. 

My* 

Mg* 

M*. . 

0° 

1*1138 

84*04° 

97*74° 

114*6° 

129*4° 

211*5° 

13*5 

1*1030 

83*54 

97*05 

114*0 

129*4 

211*7 

36*3 

1*0844 

81*79 

94*69 

111*0 

125*9 

208*5 

67 

1*0595 

77*36 

88*51 

105*7 

119*4 

198*0 

99*6 

1*0332 

— 

80*92 

98*2 

110*8 

unreadable 


Benzyl tartrate in quinoline , p — 9*4489. Densities determined ; 1*1080 
at 17°; 1*0878 at 40*2; 1*0627 at 72°; 1*0408 at 98*9°. 


t. 

d . 

Miv 

Mir 

My* 

Mg* 

0° 

1*1213 

31*34° 

37*79° 

43*56° 

48*8S° 

13*5 

1*1103 

29*92 

34*60 

40*51 

45*58 

48*8 

1*0818 

25*26 

30*46 

34*89 

38*63 

74*2 

1*0610 

21*95 

27*73 

31*69 

34-S6 

98*9 

1*0408 

21*57 

25*04 

30*29 

32*15 


Nicotine in formamide solution . The formamide contained some formic acid 
and caused a rise in rotation in the absolute sense from that obtained with 
pure formamide, p = 18*5040. Densities determined: 1*1328 at 14*9°; 

1*1061 at 50*8°; 1*0877 at 73*7°; 1*0660 at 99*3°. 


t. 

d . 

M TV 

Mr,- 

My* 

Mg* 

Mb. 

Mr- 

0° 

1*1433 

—20*99° 

-25*57° 

-30*77° 

-36*30° 

-49*35° 

-73*88° 

16*0 

1*1325 

26*01 

30*97 

37*36 

43*66 

58*89 

86*99 

44*6 

1*1103 

33*29 

39*52 

47*16 

55*15 

73*25 

106-0 

70*4 

1*0899 

39*82 

47*90 

56*72 

66*25 

87*12 

124*8 

99 

1*0665 

47*68 

56*50 

66*43 

76*87 

102*1 

144*1 


Solution of nicotine in o-niirotoluene , p — 4*7337. Densities determined; 
1*1582 at 15*7°; M322 at 43°; 1*1024 at 75°; 1*0789 at 99°. 


t . 

d, 

[«]*• 

Mr,* 

- Mr 

Mg* 

Mb* 

0° 

1*1733 

-128-4° 

-153*7° 

-184*1° 

-211*0° 

-277*3° 

14*1 

1*1598 

129-4 

154*5 

182*1 

211*0 

278*3 

40*8 

1*1346 

130-7 

154-3 

182*7 

211*1 

277*2 

74*4 

1*1025 

130-6 

154*7 

182*6 

211*4 

277*6 

99*2 

1*0878 

129-9 

153*9 

182*2 

210*4 

— 


Solution of nicotine in quinoline , p =. 9*1365. Densities determined: 1*0888 
at 15*3°; 1*0626 at 48*9° ,* 1*0413 at 75*2°; 1*0217 at 99*4°. 


t . 

d. 

M rv 

!Mr 2 . 

Mr 

Mg* 

Mb* 

[«v 

0° 

1*1010 

-93*75° 

-110*3° 

-131*3° 

-151*3° 

-197*2° 

-274*9° 

17 

1*0878 

96*59 

114*8 

137*1 

158*1 

205*4 

287-1 

43*7 

1*0665 

102*4 

121*0 

144*5 

166*5 

216*9 

302-8 

80 

1*0375 

107*4 

127*2 

151*6 

174*9 

227*8 

3I7<6 

99*2 

1*0220 

109*4 

129*7 

154*5 

178*3 

226*6 

324-2 
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Nicotine, in a-bromonaphthalene. Some naphthalene was also present as 
impurity. No rotations could be observed at 0° owing to partial solidific¬ 
ation of the mixture, p = 4-3213* Densities determined: 1-4668 at 10-7°; 


1-4335 at 45-2°; 

1-4081 at 70-4° ; 1-3788 at 100°. 



L 

d . 

[a] ri . 

Mr,. My* 

Mi* 

Mb- 

Mv 

12-6° 

1-4650 

-111-4° - 

-133-6° -163-5° 

-188-9° • 

— 241-2° - 

•337-9° 

41-1 

1-4367 

117-1 

139-0 166-7 

191-4 

244-7 

342*3 

69-6 

1-4085 

119-9 

140-3 168-1 

192*6 

252-2 

345*9 

99-2 

1-3800 

121-1 

141-0 167*4 

194-5 

254-1 

343-8 

Homogeneous nicotine . Densities determined : 1-0124 at 14-8° ; 

0-99037 

at 41’O 0 

; 0-9688 at 70°; 0-9449 at 99-2°. 





L 

d. 

My* 

Mr 

[air. 



0° 

1-0212 

—175*6° 

-202-8° 

-371-2° 



14-2 

1-0108 

176-4 

204-2 

372-8 



39 

0-9925 

177-9 

206-0 

376-1 



71-5 

0-9673 

179-3 

207*1 

377*0 



99 

0-9453 

179-7 

207-2 

377-1 


Nicotine in ethyl acetate. 

The rotation values for the highest temperature 

show a 

sudden rise in the absolute sense; this may he due in part to loss 

of solvent at that temperature, p s=* 10-701. 

Densities determined 

: 0-9143 

at 15°; 

0-8893 at 37*7°; 0-8569 at 64-7°. 




L 

d. 

E a Jv 

Mrr Mr 

Mr 

Mb* 

Mr* 

0° 

0-9294 

-127*7° 

-151-0° -180-7° 

-208-2° 

— 268-8° - 

-376-8° 

15-2 

0-9135 

129-0 

152-1 181-0 

209-4 

269-1 

378-2 

40-8 

0-8855 

127-0 

153-7 182-6 

210-5 

274-0 

380-9 

60 

0-S626 

116-2 

141*3 171-0 

198-1 

253-2 

355-9 

Nicotine in water, p — 

9-3930. Densities determined 

: 1*0060 at 15*1°; 

1-0003 at 32-8° 

; 0-9912 at 52-6°; 0*9820 at 68-5°. 



U 

d . 

Mn* 

Mr** My 

Mi* 

Mb* 

Mr* 

0° 

1-0098 

-54-57° 

-64-68° -77-15° 

-90-25° 

-119-0° - 

-170*0° 

24-5 

1-0031 

58-74 

70-15 83*41 

97*22 

127-5 

182*4 

47-5 

0-9935 

63-07 

75-40 89-69 

104*4 

137-3 

194*7 

67-6 

0*9827 

68-08 

80-18 95-63 

111-1 

144-7 

205-4 


Nicotine in excess of sulphuric acid . To 3-5241 g. of nicotine were added 
24 c.c. of 3-2095JV-H 2 SO 4 , p = 11-880. Densities determined : M085 at 
13-8°; 1-0920 at 46-8°; 1-0798 at 67°; 1-0645 at 90°, 


L 

'd. 

Mu* 

Mr,- 

My 

Mg* 

Mb- 

Mr* 

0° 

1*1145 

+ 22*10° 

+ 25-63° 

+30-30° 

+34-46° 

+43*43° 

+ 58-06° 

26-6 

1*1027 

18-46 

21-56 

25*48 

29-39 

37*45 

49-61 

44*8 

1-0931 

16*41 

19*30 

22-86 

26*23 

33*06 

44-56 

66-8 

1-0800 

14*37 

16*76 

20-02 

22-70 

28-74 

38*58 

90 

1*0645 

12-16 

14-33 

17*05 

19-42 

24-56 

32-86 


We are indebted to the Carnegie Trustees for the Universities of 
Scotland for a scholarship, and for grants which have defrayed 
much of the expense of this investigation. 

UmvERsxrr op Glasgow. [Received, July 6th, 1925*] 
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CCCXXXII.— p-Dimethylaminodiphenylacetic Acid . 

By Dalip Singh. 

Vorlander and Siebert have shown (. Ber 1906, 39, 1024) that 
barium diphenylacetate on distillation gives, together with other 
products, tetraphenylallene. The preparation of p- dimethylaminc - 
diphenylacetic acid (III) was therefore undertaken, for should its 
barium salt (I) decompose in like manner, the product, tetramethyl- 
diaminotetraphenylallene (II), would furnish a suitable material 
for testing van’t Hoff’s view of the molecular asymmetry of com¬ 
pounds of the substituted allene type. 

^NMe 2 -C 6 H^ >CH . C p^ Ba NMe 2 -G 6 H^ >c;c;c< /CeH 4 -NMe2 

The desired synthesis was effected by hydrolysing ethyl p- dimethyl - 
aminobenzilate (V), prepared by the action of ^-dimethylamino- 
phenylglyoxylic ester (IV) (Guyot, Comjpt. rend., 1907, 144, 1120) 
on magnesium phenyl bromide, to the corresponding acid (VI) and 
reducing the latter with hydriodic acid and phosphorus. 

(IV.) NMe 2 -C 6 H 4 -CO-C0 2 Et NMe 2 -C 6 H 4 -CPh(0H)-C0 2 Et (V.) 
^NMe 2 *C 6 H 4 *CPh(0H)*C0 2 H (Vi.) -> NMe a 'C 6 H 4 *CHPh*C6 2 H (in.) 

Difficulties, eventually overcome, were encountered in the 
Grignard reaction. The reagent readily attacked the dimethyl- 
amino-group and the whole of the ester was precipitated in the 
form of a compound. (This, on decomposition with water, 
regenerated the original ester and therefore probably had the 
constitution MgPh*NMe 2 Br*C 6 H 4 -C0*C0 2 Et; compare Kauffmann, 
Ber., 1913, 46, 2929.) Moreover, the use of too great an excess of 
the Grignard reagent had to be avoided, otherwise the carbethoxy- 
group of the ester also was attacked and the glycol 
NMe 2 *C 6 H 4 *CPh(OH)*CPh a *OH (VII) 

produced. 

The best results in the desired direction were achieved by adding 
an ethereal solution of the ester (IV) to the Grignard reagent 
(2-5 mols.) and working up the product immediately. 

The behaviour of barium, calcium, and lead p-dimethylamino- 
diphenylacetates on dry distillation was investigated. The dry salt 
was distilled in a high vacuum in a specially designed apparatus. 
Prom the barium salt an oil was obtained, from which a crystalline 
solid, having the composition of di-ip-dimethylaminobenzhydryl ketone, 
CO(CHPh*C 6 H 4 *NMe 2 } 2 (VIII), and p -dimethylaminodiphenyl- 
methane were isolated, but none of the allene derivative (III). 
Now, although Vorlander and Siebert obtained a considerable 
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quantity of diphenylmethane together with tetraphenylallene by 
distilling barium diphenylaeetate, they were unable to detect any 
dibenzhydryl ketone. It would appear, therefore, that the presence 
of the tertiary amino-group in dimethylaminodiphenylacetic acid 
favours the formation of the ketone and prevents that of the allene. 
The preparation of ethyl phenylA-pyridylpyruvate, 
C 5 NH 4 -CHPh-C0*C0 2 Et (IX), 

was next undertaken. This compound is a possible source of 
phenylpyridylacetic acid, from which a substituted allene of the 
desired type might be obtained. The ester was synthesised by 
condensing 4-benzylpyridine and ethyl oxalate with potassium 
ethoxide (compare Wislicenus, Ber., 1909, 42, 1140). The acid 
produced by hydrolysing the ester was unstable and difficult to 
purify. Its sodium salt was oxidised by hydrogen peroxide with 
formation of sodium phenylpyridyiacetate. The acid liberated 
from this immediately decomposed into benzylpyridine and carbon 
dioxide. 

Corresponding condensations of benzylpyridine with other esters 
such as ethyl benzoate, ethyl formate, and ethyl carbonate could not 
be carried out. 

Experimental. 

Ethyl p -Dimethylaminobenzilate (V).—To a well-cooled ethereal 
solution of the Grignard reagent prepared from magnesium (3 g.) 
and bromobenzene (19*5 g.) is gradually added an ethereal solution 
of ethylj5-dimethylaminophenylglyoxylate (11 g.), and the reaction 
mixture is immediately poured on to a mixture of ice and dilute 
hydrochloric acid. The aqueous layer is treated with ammonium 
chloride and ammonia and extracted with ether. From the washed 
extract, dried with potassium carbonate, an oil is obtained which 
changes to a pasty solid on scratching; this is filtered off and 
crystallised from absolute alcohol. The ester thus obtained (yield 
9 g;) melts at 96—97° (Found: C, 72*1; H, 7*1; N, 4*5. C 18 H 2i 0 3 N 
requires C, 72*2; H, 7*0; N, 4*7%). It is very soluble in chloro¬ 
form, benzene, or acetone, less soluble in ethyl or methyl alcohol, 
or ether, sparingly soluble in petroleum, and insoluble in water. 

Q-DimeihylamirioMrajphenylethylene glycol (VII) is obtained as a 
by-product of the preceding reaction when too great an excess of 
the Grignard reagent has been used. The yield increases con¬ 
siderably 'if-the reaction mixture is kept for a long tim e before 
being decomposed ; and on heating, the glycol is almost the sole 
product. It is worked up in the same manner as the hydroxy- 
ester. It separates from much boiling alcohol in glistening crystals, 
m. p. 193—194° (Found; 0, 82*2; H, 6*4; N, 3*3. C 28 H 27 0 2 N 
requires C, 82*1; H, 6*8; N, 3*4%), which are soluble in benzene, 
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acetone, chloroform or acetic acid, and sparingly soluble in ethyl 
or methyl alcohol, or ether. 

p-Z) imethylaminobenzilic Acid (VI).—The ester (V) is heated under 
reflux with a slight excess of alcoholic sodium hydroxide for 4 hours, 
the alcohol evaporated, and the alkaline solution, after being 
shaken with ether to remove unchanged material, exactly 
neutralised with dilute sulphuric acid. The acid, isolated by means 
of ether, is obtained as a crystalline solid, m. p. 50—55°, after 
drying in a vacuum desiccator (Found : C, 69-5; H, 6*5. ^16-Si70 3 N 
requires C, 70*8; H, 6-3%). It is unstable, becoming yellow and 
finally green on keeping, and yellow on warming. It is very 
soluble in most of the organic solvents, except light petroleum, but 
is recovered from the solutions in a viscous condition. 

p -Dimethylaminodiphenylacetic Acid (III).—The sodium salt of 
the hydroxy-acid (10 g.; obtained by evaporating an alkaline 
solution prepared as described above) is gently boiled under reflux 
with red phosphorus (5 g.) and constant-boiling hydriodic acid 
(50 c.c.) for about 6 hours. The diluted, filtered solution deposits, 
on cooling, colourless crystals of the hydriodide of p-dimethyl- 
aminodiphenylacetic acid. This, after being washed with a little 
water, is exactly neutralised, in aqueous solution, with ammonia, 
methyl-orange being used as indicator. The acid is then extracted 
with ether, and crystallised from hot alcohol, separating in silky, 
white needles, m. p. 104—105° (Found : C, 75*5; H, 6*8; N, 5*3. 
C 16 H 17 0 2 N requires C, 75*3; H, 6*7; 1ST, 5*5%). It dissolves 
readily in chloroform, acetone, or benzene, less readily in ethyl or 
methyl alcohol or ether, and is sparingly soluble in light petroleum. 

Di-p-dimethylaminobenzhydryl Ketone (VIII).—In a glass tube, 
sealed at one end and provided with an air-tight glass stopper at 
the other, is placed a cylindrical copper vessel filled with 2 g. of 
barium ^dimethylaminodiphenylacetate, thoroughly dried at 
150—160°. The tube is connected by means of a side tube with a 
charcoal-liquid air vacuum apparatus, which can communicate by a 
three-way tap with a Fleuss pump or with the atmosphere. The 
whole apparatus is evacuated first with the pump and then by 
means of the charcoal cooled in liquid air. Heating is effected by 
a metal bath, and the distillation is continued so long as reddish- 
brown oil, collects in a bulb blown in the tube near its sealed end. 

The oil is washed with acetone. The washings slowly deposit a 
white solid, which crystallises from much boiling alcohol in thin 
needles, m. p. 190° (Found ; 0, 83*5, 83*3; H, 7*2, 7*1. 0 ?1 H 32 0N 2 
requires C, 83*0; H, 7*1%), The ketone dissolves readily in chloro¬ 
form or carbon disulphide, is fairly easily soluble in ether or petroleum, 
less soluble in benzene or acetone, and very sparingly soluble in 
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ethyl or methyl alcohol. Its behaviour towards ketonic reagents 
was not examined, as the less complex dibenzhydryl ketone was 
known to be inert towards hydroxylamine, phenylhydrazine, and 
semicarbazide (Vorlander and Rack, Ber., 1923, 56, 1126). 

The oil remaining after the ketone has been removed is fractionally 
distilled; the greenish-brown oil that passes over at 17 5°/2 —3 mm. * 
solidifies when cooled and scratched. By crystallising it from 
petroleum, ^-dimethylaminodiphenylmethane (Limprieht, Annalen , 
1899, 307, 310) is obtained in thin leaflets, m. p. 31° (Found : 
0, 85*6; H, 8*0. Calc., C, 85*3; H, 8*0%). 

Ethyl PhenylA-pyridylpyruvate (IX).—To a solution of potassium 
ethoxide (1 g. potassium) in 4 g. of alcohol are added in turn ether 
(20—30 c.c.), ethyl oxalate (3*8 g.), and 4-benzylpyridine (4'3 g.; 
1 mol.). After 12 hours, the yellow potassium salt that has been 
deposited is decomposed by a slight excess of glacial acetic acid, 
ice-water added, and the ester together with the Uncondensed 
material extracted with ether. From the washed and dried extract 
a solid is obtained which separates from alcohol in glistening, 
yellow crystals, melting at 123—124° to a yellowish-green liquid 
(yield about 33%) (Found : C, 71*3; H, 5*7; N, 5*4. C 16 H 15 0 3 ]Sr 
requires C, 71*4; H, 5*6; N, 5*2%). The ester is fairly easily 
soluble in benzene, chloroform, or acetone, less soluble in ethyl 
or methyl alcohol, sparingly soluble in ether, and insoluble in light 
petroleum. 

The ester is left over-night in a cold dilute alcoholic solution of 
sodium hydroxide, water is then added, and the unchanged material 
removed with ether. The alkaline solution is acidified with acetic 
acid and shaken with chloroform. The chloroform in the extract is 
evaporated in a current of air, and the residue is freed from acetic 
acid by soda-lime in a desiccator. PhenylA-pyridylpyruvic acid is 
thus obtained as a yellow oil which solidifies when rubbed with 
benzene or crystallised from alcohol. It turns green at 100° and 
melts indefinitely at 110° (Found: C, 72*7; H, 5*2; N, 6*1. 
C t4 H u 0 s N requires C, 69*7; H, 4*6; N, 5*8%). The acid is very 
soluble ia alcohol, acetic acid, or acetone, less soluble in benzene, and 
very sparingly soluble in light petroleum. 

Phenylpyridylpyruvic acid oxime hydrochloride is obtained by 
mixing equivalent quantities of hydroxylamine hydrochloride and 
sodium phenylpyridylpyruvate in aqueous solution; crystals, 
m. p. 52—53°, of the hydrochloride are deposited after 12 hours 
(Found: C, 57*4; H, 4*3. C 14 H 12 0 3 N 2 ,HC1 requires C, 57-4; 

H,4*4%). 

Sodium PhenylA-pyridylaceiaie .—On addition of the calculated 
quantity of hydrogen peroxide (30%) to an aqueous solution of 
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sodium phenylpyridylpyruvate, there is a rapid evolution of gas; 
the colour is completely discharged in about 1 hour. The solution 
of the sodium salt thus obtained, on being acidified, gives some 
4-benzylpyridine, which is probably produced by decomposition of 
phenylpyridylacetic acid. 

2-ctA-Pyridylbenzyl-B-qmnoxalone, C 6 H 4 <^ <JCHPh-C 5 NH 4 _ 

Alcoholic solutions of equimolecular quantities of ethyl pheiiyl- 
4-pyridylpyruvate and o-phenylenediamine are heated together on a 
water-bath for 2 hours; the solid that separates is washed, 
and crystallised from hot pyridine; m. p. 294—295° (Found: 
C, 76*7; H, 4*8; N, 13-0. C 20 H 15 ON S requires C, 76*7; H, 4*8; 
N, 13*4%). 

This work was earned out under the supervision of Dr. W. H. 
Mills, F.R.S., and the author is indebted to Prof. Sir William Pope 
for providing facilities in the laboratory. 

University Chemical Laboratory, 

Cambridge. [Received, July 30 th, 1925.] 


NOTES. 

Selenium as a Chlorine Carrier . By Oswald Silberrad and 
Charles A. Silberrad. 

The observations (Silberrad, 0. A. Silberrad, and Parke, this voL, p. 
1724) that selenium acted as a catalyst towards sulphuryl chloride 
in a perfectly normal manner, i.e., midway between tellurium and 
sulphur, and that the catalysts examined appeared to behave as 
chlorine carriers rather than as dissociation catalysts made it of 
interest to reinvestigate Willgerodt’s work (J. pr. Chem 1885, 
31, 539; 1888, 34, 264) on direct chlorination, which led him to the 
conclusion that selenium does not act, in that case, as a chlorine 
carrier at all. 

To this end dual experiments were conducted. Chlorine (1 mol.) 
was passed into boiling toluene (1) without and (2) with the addition 
of selenium chloride; each experiment was repeated ( a) in total 
darkness and (&) in an apparatus so arranged that the vapour was 
exposed to light; the quantities of chlorotoluene and benzyl 
chloride produced were determined as recently described (loc. ciL). 
The results were as follows; 

VOL. cxxvn. 4 n 
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NOTES. 


Composition of product %. 

Ratio 

Chlor- Tolu- Chloro- Benzyl Chlorotoluene/ 
Conditions of expt. df. ine. ene. toluene, chloride, benzyl chloride. 


(a) In total darkness. 

No catalyst . 0*961 12*4 55*8 2*7 41*5 0*065 

With selenium (1*0 g. 

of SeCl 4 )*. 0*98$ 15*8 43*4 33*7 22*9 1*472 

(b) Vapour exposed to light. 

No catalyst . 0*988 18*2 42*3 10*6 47*1 0*225 

With selenium (0*3 g. 

of SeCl 4 )*.. 1*004 18*3 34*6 29*5* 35*9 0*82 


* The selenium chloride was prepared by passing dry chlorine over the 
element, with which, contrary to the literature (Saco, Ann, Chim . Phys,, 
1848, 23, 124), both varieties react at the ordinary temperature, passing 
through the mono- to the tetra-chloride. 

From these results it is evident that, contrary to the literature, 
selenium does act as a carrier in direct chlorination; its presence 
not only raises the ratio of nuclear to side-chain substitution, but 
also, to a lesser extent, increases the amount of chlorine which enters 
into combination in a given time.— The Silberrad Research 
Laboratories, Btjcehtjrst Htll, Essex. [Received, August II th, 
1925.] _ 

A Simple Form of Gas Circulating Apparatus . By A. R. Pearson 
and J. S. G. Thomas. 

For circulating a volume of gas through a closed system, apparatus 

depending on the force-pump 
principle has been described by 
« Bone and Sarjant (Proc. Roy . Soc., 
1919, 96, A, 126) and by Davis, 
Place, and Edeburn {Fuel, 1925, 
4, 290}; in each case the piston is 
mercury contained in a U-tube. 

A prime mover for the mercury- 
U-tube type of circulating pump 
can be made very simply from 
ordinary laboratory apparatus, 
utilising the principle of the hot¬ 
air engine (see Griffiths, “ The 
Thermal Measurement of Energy,” 
1901, p. 50). The complete 
apparatus is shown in the figure. 
The bulb A is heated by a burner, 
and when a pressure difference of two or three inches is indicated 
by the U-tube the mercury is set in oscillation by quickly opening 
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and closing tlie tap, T, in such a way that the pressure in the hot 
bulb is suddenly reduced as nearly as possible to equality with that 
on the other side of the U-tube. The mercury will then continue 
to oscillate as long as heat is supplied to the bulb, and by the opera¬ 
tion of the glass valves, V, or Other suitable valves, gas can be forced 
through the system in the direction of the arrows. To ensure 
regularity of operation, suitable dimensions must be chosen for the 
mercury column and the hot bulb. With the dimensions shown, the 
apparatus drives about 2 cubic feet of gas per hour against a total 
back pressure of about 3 inches of [water.— South Metropolitan 
Gas Co., London, S.E. 15. [Received, July 1 5th, 1925.] 

The Action of Metals on Dzpentene JDihydrohalide. Preparation of a 
Synthetic Diterpene . By Kenneth Charles Roberts. 

Alcoholic solutions of cis- and tfrarcs-dipentene dihydrobromide 
and of ifrcma-dipentene dihydrochloride were each shaken at room 
temperature with molecular silver until reaction was complete, 
this being indicated when no precipitate was formed on dilution 
of a portion of the reaction mixture with water. The action of 
finely-divided copper was tried in the same way. (The action of 
sodium was investigated by Montgolfier, Ann . Ckim. Phys 1880, 
19,155). In no case was metal halide formed. There was therefore 
no condensation, but simply loss of halogen acid and production 
of dipentene. This polymerised to a diterpene, which was isolated 
as a colourless, highly viscous liquid with a faint terpene-like odour, 
b. p. 173—183°/13 nun, nff 1-5170, d 20 ’ 0*9361 (Found: 

C, 88*4; H, 12*0; M , 273, 266; iodine value, 103. C 20 H 32 requires 
C, 88 * 2 ; H, 11 * 8 %; M, 272; iodine value, for one double linking, 
94). p-Camphorene has b. p. 170—180°/10 mm., 1*5180, and 
cP 8 0*9300 (Semmler and Rosenberg, Bear., 1913, 46, 768).— 
University of Otago, New Zealand. [Received, August 1 lth 9 
1925.] 


CCCXXXIII.— Negative Adsorption. The Surface 
Tensions and Activities of Some A queous Salt Solutions . 

By Arthur Kenneth Goard. 

In previous communications (Goard and Rideal, this vol., pp. 780, 
1668) experiments were described dealing with the surface tensions of 
aqueous solutions of phenol containing sodium chloride, and the 
advantage of applying the Gibbs adsorption equation in its strict 
form, employing activities of the solute instead of its concentration, 

' ■ . . . ■ 4 3Sf 2," ’ 
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was pointed out. Another case in which such a procedure is likely 
to prove fruitful is that of aqueous solutions of inorganic salts, 
which raise the surface tension of the solvent, being consequently 
negatively adsorbed at the surface of the solution. Little or no 
attempt seems to have been made hitherto to determine the magni¬ 
tude of this negative adsorption. Langmuir (J. Amer. Ghem. Soc 
1917, 39, 1848) has discussed the subject briefly, from the point of 
view of the orientation theory of surface tension. He considers that 
the surface of an aqueous salt solution probably consists of a single 
layer of oriented water molecules, and, from a few data on the 
surface tensions of potassium chloride solutions, concludes that the 
length of such an oriented water molecule is about 4 A.U. He adds 
further that though different salts raise the surface tension of 
water to different extents, “ these differences seem to be almost 
wholly accounted for by differences in the degree of electrolytic 
dissociation. 3 ’ 

The data upon which Langmuir based this generalisation are 
somewhat scanty; and it seemed desirable to investigate this 
matter more fully, using wide ranges of concentration in order to 
determine whether the thickness of the adsorbed layer is independent 
of the concentration, and of the nature of the salt, as would seem 
to be necessary on Langmuir’s view. 

The salts chosen for this purpose were the chlorides of lithium, 
sodium, and potassium, cadmium chloride, and silver nitrate. For 
the first three salts, activity data are available up to the most 
concentrated solutions (compare Harned, ibid., 1922, 44, 252). The 
activity coefficient of cadmium chloride has been calculated by Lewis 
(GLN. Lewis and Bandall, “ Thermodynamics,” New York, 1923) 
from the electromotive force measurements of Horsch {J. Amer . 
Ghem. Soc., 1919, 41, 1787). This salt is unusual, in that the 
activity coefficient falls extremely rapidly as the concentration 
increases, dropping to 0*219 at a molarity of 0*0995 and to 0*025 at 
a molarity of 6*62. Commenting on this, Lewis remarks : “ Cad- 
mium chloride cannot be regarded as a strong electrolyte. It 
possesses in a lesser degree the characteristics of the analogous 
substance, mercuric chloride, which shows almost no ionisation.” 
Unfortunately, no data are recorded for the activities of solutions 
between the two concentrations given above. Owing, however, 
to the comparatively small change of activity of the salt, it is 
possible to obtain fairly accurate values by means of graphical 
interpolation (assuming, of course, that the activity coefficient 
decreases continuously over this interval). Finally, provisional 
. values for the activity coefficient of silver nitrate are given by 
lewis, calculated from freezing-point measurements, and uncor- 
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a 

rected for heat of dilution. They cannot therefore be regarded as 
strictly accurate save near the freezing point. 

The surface tensions of the solutions were determined by the 
drop-weight apparatus previously described (Goard and Rideal, 
loo. cit .). Pure specimens of all the salts were obtained, except of 
lithium chloride, which gave a slightly alkaline solution. With 
this salt, therefore, the aqueous solution, after filtering, was evapor¬ 
ated to dryness and gently baked, the residue being subsequently 
dissolved in water and a little hydrochloric acid, and the salt 
recrystallised. 

The solutions were kept over-night in a long vertical tube; a few 
c.c. were then run out from the lower end of the tube, and the 
supply bottle of the apparatus was subsequently filled. The 
apparatus was cleaned with hot chromic acid every time a fresh 
solution was employed. 

The drop weights given in Table I are the means of several 
determinations, agreeing within 0-1%. The densities of the solu¬ 
tions were taken from Landolt’s tables. All measurements were 

Table I. 


The Surface Tensions (a) of Aqueous Salt Solutions at 20°. 


Moles 

Mean 



Moles 

Mean 



of salt 

wt. (g.) 


(T 

of salt 

wt. (g.) 


<r 

per 

of ten 


(dynes/ 

per 

of ten 


(dynes / 

litre. 

drops. 

Density. 

cm.). 

litre. 

drops. 

Density. 

cm.). 


Lithium chloride . 



Cadmium chloride. 


1-08 

0*9353 

1*024 

74*74 

0*471 

0*9237 

1*068 

74*04 

1*94 

0*9538 

1*044 

76*22 

0*942 

0*9303 

1*136 

74*67 

3*51 

0*9931 

1*078 

79*46 

2*36 

0*9554 

1*344 

76*80 





3*49 

0*9823 

1*543 

79*20 


Sodium chloride. 


4*71 

1*0108 

1*672 

82*10 

1*00 

0*9343 

1*036 

74*78 





2*00 

0*9544 

1*077 

76*51 


Silver nitrate. 


3*22 

0*9819 

1*110 

78*73 

1*00 

0*9257 

1*118 

74*37 

5*00 

1*0277 

1*118 

82*20 

2*00 

0*9360 

1*236 

75*23 


Potassium chloride. 


3*00 

5*00 

0*9437 

0*9721 

1*348 

1*402 

75*94 

77*69 

1*00 

0*9316 

1*044 

74*55 





2*00 

0*9503 

1*088 

76*13 





3*00 

0*9681 

1*129 

77*77 





3*80 

0*9832 

1*182 

79*17 






made at 20°. The salt content of the solutions was checked by 
titration. The surface tensions were calculated by Iredale’s method 
(see Goard and Rideal, loc. cit): 

The form of the surface tension-concentration curves obtained 
from these figures is similar, in the case of the three alkali chlorides, 
to that described by previous observers (compare a collection of 
data made in 1920 by Stocker, Z. physikal. GJiem., 94, 149), i.e., 
the curves exhibit throughout a slight convexity towards the 
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concentration axis. With cadmium chloride and silver nitrate, 
however, the curves are initially concave towards this axis, up to 
a point of inflexion, which occurs with the former salt at a concen¬ 
tration of 2*2 molar, and with the latter at about 2*5 molar. Beyond 
these points, the curves are convex to the concentration axis. 
These would seem to be the only cases of such a relationship which 
have so far been observed. With silver nitrate, neither portion 
of the curve e xhib its such pronounced curvature as obtains 
with cadmium chloride; the point of inflexion is nevertheless 
unmistakable. 

Determination of the Surface Adsorption. 

The negative adsorption, r, at the surface of these solutions was 
determined by plotting the surface tension against the logarithm 


Fig. 1. 



of the activity of the salt ; T, which is proportional to the slope 
of this curve, was measured by drawing tangents. The activity 
coefficients of the first four salts in Table I were measured at 25°; 
the change in the coefficient over five degrees of temperature, 
however, may be considered to be negligible. 

Owing to the approximation to a linear relation between surface 
tension and concentration, it was possible to read off with con¬ 
siderable accuracy values of the surface tension intermediate 
between those given in the above table. Since, however, the 
logari thm of the activity tends to an infinite negative value as the 
concentration approaches zero, direct determination of the slope 
of the surface tension—log. activity curve became inexact at low 
concentrations. It was found that if F were plotted against the 
elevation of the surface tension, a smooth curve was obtained which 
jbooH be extrapolated back to low concentrations with fair accuracy. 
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On the “ kinetic ” view of surface films, such a procedure is analogous 
to plotting the reciprocal of volume against pressure (compare 
Langmuir, loc. cif.). 

The results obtained with sodium chloride are shown in Fig. 1. 
Similar results were obtained with the other alkali chlorides. 

In Table II, values of the negative adsorption, r, are given 
together with the corresponding molarities (moles of salt per 1000 g. 
of water). In the third colu m n are given values of the thickness 
of the adsorption layer, calculated from the equation r = 1000T/M, 
where M = the salt concentration in moles/litre. Some discussion 
of the meaning of r is given in the sequel. 

Fig. 2 shows the values of r plotted against the molarity of salt, 
for solutions of the three alkali chlorides. 

Table II. 


Adsorption at the Surface of Aqueous Salt Solutions. 



r x io u 



r x 10 11 



r x 10 11 


Mol¬ 

(moles/ 

r 

Mol¬ 

(moles/ 

r 

Mol¬ 

(moles/ 

, T 

arity. 

cm. 2 ). 

(A.U.). 

arity. 

cm. 3 ). 

(A.U.). 

arity. 

cm. 2 ). 

<A.u.). 

Lithium chloride . 

Sodium chloride. 

Potassium chloride . 

0-1 

0*55 

5*5 

0*1 

0*60 

6-0 

0*1 

0*40 

4*0 

0-2 

1-05 

5*25 

0*2 

1*15 

5*75 

0*2 

0*83 

4*2 

0*5 

2*10 

4*25 

0*5 

2*30 

4*7 

0*5 

215 

4*4 

1*0 

3*19 

3*2 

1*0 

3*65 

3*75 

1*0 

3*75 

3*85 

2*0 

4*63 

2*3 

2*0 

5*9 

3*05 

2-0 

6*10 

3*25 

3*0 

5*90 

21 

3*0 

7*6 

2-7 

3*0 

8*05 

2*95 




4*0 

9*35 

2*56 

4*0 

9*8 

2*75 




5*0 

11*0 

2*45 





The results obtained with cadmium chloride are extremely 
interesting. Fig. 3 shows the adsorption coefficient plotted against 
the rise of surface tension. The curve exhibits two well-marked 
points of inflexion, and its earlier and later portions are coincident 
with two curves of the type shown in Fig. 1; these curves are dotted 
in the diagram and labelled I and 33 respectively. 

Table HI. 


Cadmium Chloride Solutions . 



r x 10 11 

T 




r x io u 

r 



Mol¬ 

(moles/ 

actual 



Mol¬ 

(moles / 

actual 



arity. 

cm. 2 ). 

(A.u.). 

n- 

Tn« 

arity. 

cm. 2 ). 

(A.U.). 

TI. 

rn. 

0*05 

0*34 

6*8 

6*8 

— 

2*0 

9*1 

4*9 

2*2 

5*3 

0*1 

0-60 

6*0 

6*0 

— 

3*0 

13*8 

5*1 


5*2 

0*2 

1-04 

5*2 

5*2 

; — 

4*0 

17*6 

5*1 

— . 

5*2 

0*3 

1*46 

4*9 

4-9 

. — 

5*0 

21*2 

5*1 


5*1 

0*5 

2*08 

4*25 

4-2 

7*4 

6*62 

26*1 

6*0 

■ .'*> 

5-0 

1*0 

3-74 

3-9 

3*1 

6-0 





•• ■ 
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The values of r, of course, exhibit the same anomalies. In 
Table HI, column 3 gives the actual values of r; column 4 gives 
the values of r derived from curve I of Fig. 3, column 5 the values 
derived from curve II. If these be plotted against molarity, it 
will be seen that the actual r curve is coincident in its earlier and 
later portions with two curves of the type exhibited by sodium 
chloride in Fig. 2. 

The results obtained with silver nitrate are in some respects 
similar to those given by cadmium chloride. Values of T, plotted 
against the elevation of the surface tension, lie on a curve of normal 
type up to a molarity of 2; beyond this point, they increase at an 
abnormal rate, as do those of cadmium chloride. In this case, 
however, the increase is so great that it indicates that the activity 


Fig. 


Fig. 3. 



Molarity . 



data are inaccurate at high concentrations. This was to be expected, 
in view of the fact that they are uncorrected for heat of dilution 
Nevertheless, seeing that the form of the surface tension-concen¬ 
tration curve resembles that given by cadmium chloride {vide supra), 
it is probable that the abnormal increase of T at high concentrations 
is to some extent real, though exaggerated by the inaccurate activity' 
values. 

Table IV. 


Silver Nitrate Solutions. 


r x 10* 

Molarity. (moles/cm.*}. 
0*1 0*55 

0*2 1*15 

0*5 2-4 

1*0 3*9 


(A.U.). Molarity. 
5*5 2*0 

5*75 3*0 

4*9 4*0 

4*0 5*0 


r x 10* t 

(moles/cm. 2 ). (A.U.). 

5-4 2*8 

8*0 2*8 

(43) (12) 

Very high Very high 
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Discussion of Results. 

It is evident that the values which have been obtained for the 
adsorption coefficients, and for the thicknesses of the adsorbed 
layers, are not such as to lead to the conclusion that the surface 
layer of different salt solutions consists of a single layer of oriented 
water molecules, since the thickness, r, is independent neither of 
the concentration nor of the nature of the salt. This thickness 
represents of course the distance of the solute boundary from the 
surface of the solution, assuming that the concentration gradient 
at the solute boundary is infinitely steep. Such calculation of r 
does not discriminate between ions of opposite sign; ass umin g, 
however, that the distribution of the chlorine ions in the solutions 
of the three alkali chlorides is the same, it would appear that the 
lithium ion comes nearest to the surface, the order followed by the 
ions being that of their atomic radii. It is possible that the decrease 
in the values of r as the concentration of the solution increases is 
due to the “ water shells ” with which the ions have been supposed 
to be surrounded (compare Bom, Z. PhysiJc , 1920, 1, 221; also 
Lorenz, Z . Elehtrochem 1920, 26, 424) becoming smaller or more 
tightly packed. 

Some experiments upon the nature of the negative adsorption 
layer have been recently made by Frumkin (Z. physikal. Ghent,, 
1924, 109 , 34), who, however, deals chiefly with anions. Values 
are given in his paper for the adsorption of the three alkali chlorides 
in 2V-solution, which are in fair agreement with those given here. 

In considering the phenomena exhibited by cadmium chloride 
solutions, it seems difficult to avoid the conclusion that we are 
dealing with two molecular species. Knowing cadmium chloride 
to be a weak electrolyte, we may be fairly confident in ascribing the 
earlier portion of the adsorption curve to the influence of ions, 
and the later portion to that of molecules. 

The resemblance of the surface tension-concentration curve of 
silver nitrate to that of cadmium chloride also indicates the existence 
of molecules in concentrated solution, though the activity data are 
not sufficient to warrant a definite conclusion. 

Summary. 

The negative adsorption at the surface of aqueous solutions of 
lithium, sodium, potassium, and cadmium chlorides, and of silver 
nitrate, has been determined over wide ranges of concentration, 
employing original surface tension determinations, by the drop- 
weight method, and activity data from various sources. The 
results obtained are not in harmony with the supposition that the 

■ 4 #* ■ ■' 
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surface of these solutions consists of a single layer of oriented water 
molecules, as has been supposed by Langmuir; since the mean 
thickness of the adsorbed layer varies with the concentration of the 
solution and with the nature of the salt. 

Evidence is adduced which indicates that in concentrated solu¬ 
tions of cadmium chloride, and possibly of silver nitrate, the adsorp¬ 
tion is determined by undissociated molecules, as well as by ions. 

The author wishes to thank Dr. E. K.. Rideal for the helpful 
interest he has taken in this work during its prosecution. 

Laboratory of Physical Chemistry, 

Cambridge. [Received, June Zrd, 1925.] 

CCCXXXIV .—Polarity Theories and Four-member ed 
Rings. The Non-existence of 2:3: 3-Triphenyl- 
methylene-l : 2-oxaimine. 

By George Norman Btjrkhardt, Arthur Lapworth, and James 

Walkden. 

Ingold and Weaver discussed the formation of a four-membered 
ring compound from phenylazocarboxylic ester and diphenylketen 
(this voL, p, 378) and added in a footnote: “ The direction of this 
addition conforms to the theory of alternate polarities, unlike 
many of the cases previously discussed” (compare, for instance. 
Ingold and Weaver, J., 1924,125, 1456). 

It has since been shown (this vol., pp. 1747, 2234) that in most 
of the cases there alluded to it is the experimental data and the 
interpretation thereof which were at fault and not the theory of 
alternate polarities. Only one case investigated by Ingold and 
his co-workers remained which offered any difficulties from the 
pomt of view of polarity theories, and this is now dealt with. 

*■';:the action of nitrosobenzene on as-diphenyl- 
ethyjene. Ingold and Weaver (J., 1924, 125, 1461) obtained a 
compound which in its stability towards permanganate and its 
general properties (except thermal division) closely resembled those 
of the "dimethyleneoxamines ” described in the same paper. The 

compound was assigned the formula CPh^^^p^^O (I.) audits 

formation was hdd to constitute evidence against the theory of 
induced attetnafe ^ In order to explain why the present 

authors remained sceptical of this formula, it will be simplest to 
deal with tend to be overlooked in discussions 

§; of secondary details. 
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Lapworth suggested that many reactions in organic chemistry 
are due to formation and decomposition of complex ions (J., 1901, 
79 , 1266). It is not a long step from this elementary conception 
to the idea that two molecules A and K, in one or both of which 
polarisation occurs, may unite with each other to form a bipolar 
ion ®A—KG, provided that the residues ®A and K© have 
sufficiently high affinities for their respective charges.* 

According to Robinson’s theory of polarisation in nitrosobenzene, 
addition of an ion, whether charged negatively or positively, to the 
nitroso-group should normally take place at the nitrogen atom 
(Chem. and Ind 1925, 44, 456). 

Lapworth has deduced from the properties of ethenoid hydro¬ 
carbons (compare ibid., p. 228) certain conclusions which can be 
expressed in the following terms : (a) such hydrocarbons normally 
form positively charged ionic residues, and (b) the * positions at 
which they combine with other ions and molecules in forming such 
ionic residues are those corresponding with the reactive positions 
as required by Thiele’s theory. 

A combination of these theories leads to the view that the first 
step in the union of the nitroso-group of nitrosobenzene and the 
ethylenic carbon pair of u^-diphenylethylene is the bipolar ion (II). 

Ph 2 C=CH 2 ) ■ Ph 2 C—CH 2 

r —>“ | (*Ek) 

PhN—0 J PhN—0—© 

Normally (II) would change into CHPhg-CHINPhlO, the customary 
formula for a nitrone being employed. 

The formula of the hypothetical first complex is given here in 
the simplest possible form, and recondite details such as those of 
possible preliminary activation of one or both of the two reacting 
molecules, partial versus whole valencies, conjugation phenomena 
within the complex bipolar ion, and the localisation or dispersion 

of the positive charge over the diphenylcarbomum system, Ph 2 0—, 
must be omitted from this short statement. 

It was evident, therefore, that if the compound obtained by 
Ingold and Weaver had the constitution which they ascribed to it, 
some entirely novel factor had caused the complete inversion of 

* This is expressed in terms of the electro-affinity theory of Abegg and 
Bodlander. There are various alternative modes of expressing the idea: for 
example, “ ©A and E0 must represent residues of sufficient stability,Jtn 
the sense of large entropy.” Thus ©A has stability when it representsthe 
residue of an ammonium ion. 

Throughout the present paper the signs © and 0 are used to denote 
electrical charges, not latent polarities or key-atom signs. 

- 4 N* 2 ' ..//v;;:/ 
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he normal properties either of the nitroso-group or of the hydro- 
arbon molecule. Such a conclusion was one which could not 
>e accepted without the most stringent proof. 

The present authors therefore prepared the compound descr bed 
>y Ingold and Weaver and observed in the first place that when 
n solution in weak methyl alcohol it was easily oxidised in the 
sold by ferric chloride, so that after subsequently diluting, extract- 
ng with ether, and evaporating the latter at the ordinary tem¬ 
perature, a marked odour of nitrosobenzene became perceptible. 
This rendered it highly improbable that an “ oxaimine ” ring was 
present. 

It was next proved that the compound was totally different in 
properties from A 7 -phenyl-as-diphenylacetaldoxime, 

CHPh 2 -cn:NPh:o, 

which was made in small quantity from as-diphenylacetaldehyde 
and N -phenylhydroxylamine, melted at a much lower temperature, 
and gave phenylcarbylamine when heated. 

There remained only one conceivable explanation, namely, that 
the compound described by Ingold and Weaver had been formed 
as the result of a complex reaction in which a carbon atom had 
been lost, just as when styrene yields N -phenylbenzaldoxi me 
(Ingold and Weaver, loc . tit., p. 1462). This idea could not, of 
course, be reconciled with the statement that the compound on 
thermal division gave benzophenoneanil and formaldehyde (loc. 
tit., p. 1461); but Ingold and Weaver did not specify the tests by 
which the formation of the latter was proved or the yield obtained. 
The compound when heated in an open test-tube certainly does give 
a pungent odour, but this is easily recognised as that of nitroso- 
benzene, evidently formed by a side reaction. 

The analytical figures found by Ingold and Weaver are in even 
better agreement with the formula of A r -phenyldiphenylnitrone, 
CSK^STPhlO, than with the formula (I) which they deduced. This 
nitrone had previously been made by Angeli, Alessandri, and 
Aiazzi-Mancini (Atti E. Accad. Lined, 1911, 20, i, 546) by the 
oxidation of g-phenyl- p-diphenyhnethylhydroxylamine and later by 
Staudhtger and Miescher (Helv. Ghim. Acta , 1919, 2, 568) by the 
action of nitrosobenzene on diphenyldiazomethane. The present 
aurora j^pared it by both methods, and found it to be identical 
in all respects with the compound described by Ingold and Weaver, 
The tests used were: mixed melting points, crystalline form, 
general quafitativebehaviour towards solvents, production of nitroso¬ 
benzene by oxidaffeai #i£h ferric chloride in the cold as well as 
jfcby heating in a test-tube. 

It is clear, therefore, that nitrosobenzene acts upon cw-diphenyl- 
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ethylene in very much the same way as it acts upon styrene and 
allied compounds, and in this connexion reference may be made to 
the work of Alessandri ( Gazzetta , 1924, 54, 426 et seq.). 

Conclusion .—It has already been shown that there is no evidence 
of the formation of four-membered rings at any stage during the 
reaction of nitrosobenzene with (a) methylenemalonic ester (this 
vol., p. 1747) or (6) methylenearylamines {ibid., p. 2234). The only 
remaining case investigated by Ingold and his co-workers and. cited 
as an instance of four-membered ring formation proceeding in a 
direction contrary to the requirements of the theory of alternate 
polarities is the one dealt with in the present paper and here, as in 
the cases {a) and (&), such facts as have been fully established are 
in complete harmony with Robinson’s theory of polar reactions 
of nitrosobenzene (loc. cit.) and in general with electrochemical 
conceptions of organic chemical reactions (compare Lapworth, 
ibid., p. 228, and present paper). 

The University, Manchester. [Received, July 28th, 1925.] 


CCCXXXV .—The Distribution of Pyridine between 
Water and Benzene. 

By Rowland Marcus Woodman and Alexander Steven Corbet. 

The present paper deals with the distribution of pyridine between 
the two immiscible solvents water and benzene. The results given 
in the table and plotted on the triangular diagram show that the 
system water-pyridine-benzene constitutes an example of a pair 
of partly miscible liquids. 

Over the range 0—6% of pyridine in the total system, the ratio 
of the weight percentages of this liquid in the benzene and water 
layers is about 2*7. This ratio then decreases with increasing 
concentration of pyridine, the system behaving, over a long range, 
in accordance with the system water-phenol-benzene (Rothmund 
and Wilsmore, Z. fhysihal. Chem 1902, 40, 611; Philip and Clark, 
this vol., p. 1274). Then the ratio, after reaching a minimum of 
0*8, rises again, finally to reach unity at the critical point. 

This behaviour is unusual, and results in change of direction of 
the slope of the tie lines. It is in good agreement, however, with 
the densities obtained for the layers, for the curve showing densities 
of layers against pyridine content is very similar to the triangular 
composition curve, the density tie lines showing the same changes 
of slope, and the critical points on both diagrams corresponding. 

Wright (Proc. Boy. Soc., 1892, 50, 372) gives triangle curves fear 
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the system lead-tin-zinc which show the same changes of slope of 
tie lines, the curve at 650° especially behaving practically as that for 
the present system in this respect. He noticed that the tipper tie 
lines converged together thus and regarded this as due to the 
formation of a definite compound of tin and zinc. A similar 
explanation of compound formation between solute liquid and one 
of the solvent liquids would possibly suffice for the present analogous 
system; it is worthy of note that the water layers, which were at 
first turbid, cleared with increasing concentration of pyridine, the 
benzene layers showing opposite behaviour. 

Big. 1. 


Ftfridbt t& 



Expebimentai*. 


The benzene was purified in the usual manner and boiled at 
80*3S—S0-5°. The pyridine was “ B.D.H. pure.” 

The densities of water, benzene, water saturated with benzene 
uh2£?Yand benzene saturated with v^ater at 25° were all determined 
at* The first and the third, and the second and the fourth, 
exhibited differences of a unit or so only in the third decimal place. 
®o£the purpose of the diagram, therefore, it could be assumed 
that no conjugate solutions were formed in the system benzene 
and water. 

Measured volumes of benzene, water, and pyridine were placed 
in stoppesped gcadm cylinders. The mixtures were maintained 
set 25° M m thermost^ for fi hours, and were vigorously shaken 
periodically. After a final shaking, the stopper was removed from 
a cylinder and, after allowing a further 5 minutes in the thermostat, 
tfee volumes of the ^ 
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Known volumes of the two layers were then pipetted into tared 
flasks, further weighings making possible calculation of the densities 
of the layers at 25°. 

The pyridine was readily determined (in absence of ammonia or 
other bases) by titration with normal acid and methyl-orange 
(Allen’s “ Commercial Organic Analysis,” 1912, VI, 138). When 
much benzene was present, water was added to the sample, and the 
course of the titration observed in the aqueous underlayer. 

The estimation of the benzene (for which no accurate method 
could be found) was more difficult. Advantage was taken of the 
slight solubility of benzene in water. The pyridine present in a 
large sample having been neutralised, and a slight excess of acid 
added, the mixture was washed into a burette, and the volume of 
benzene noted, together with the temperature. A knowledge of 
the densities of benzene over the range 17—20° then allowed the 
calculation of weight percentages of the benzene in the layers. 
This procedure appeared satisfactory for the water layers, but 
experience showed that low results were sometimes obtained for 
the benzene layers. As in six out of the ten examples given the 
amount of benzene in the water layer was practically negligible, 
and as in three of the remaining cases it was less than 5%, it was 
quite justifiable to calculate the benzene in the benzene layer, 
knowing the total benzene used in the experiments, the volumes 
and densities of the layers formed, and the densities of benzene at 
different temperatures. 

Table. 

a is the ratio of pyridine % in the benzene layer to the pyridine % in the 
water layer. 6 is the ratio of grains of pyridine in 1 litre of the benzene layer 
to grams of pyridine in 1 litre of the water layer. 

Benzene Layer. Water Layer. 


Density. 

%Py- 

%C«H e . 

Density. 

%Py- 


a. 

b. 

0874 

3-28 

94*54 

0*994 

1*17 

OO 

2*803 

2-465 

0882 

9-75 

87*46 

099? 

3*55 

OO 

2-746 

2-438 

0893 

18-35 

79*49 

0-993 

7*39 

trace 

2-484 

2-223 

0903 

26-99 

71-31 

0997 

13*46 

015 

2-006 

1*813 

0-909 

31-42 

66-46 

0997 

22-78 

025 

1-376 

1-258 

0*911 

34-32 

64-48 

0*996 

32-15 

044 

1-067 

0-977 

0915 

36-85 

59-35 

0*997 

42-47 

2-38 

0*867 

0-796 

0-918 

39-45 

56-43 

0*990 

48-87 

3*99 

0-807 

0742 

0914 

39-27 

55-72 

0-991 

49-82 

4-28 

0*788 

0727 


48-39 

40-85 

0972 

56*05 

19-56 

0-863 

* ■ 


* Total benzene layer 4 o.c. only. 


The Univeesitv of Cambridge. [Received, July nth, 1926.) 
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CCCXXXVL —A Circulation Apparatus for Gases . 

By Nitya Gopal Chatterji and George Ingle Finch. 


In the circulation apparatus used by Bone and his co-workers 
(J., 1902, 81 , 1903) in their numerous investigations of catalytic 
gas reactions, the gas is kept in steady circulation by means of a 
specially designed automatic Sprengel pump. This apparatus has 

been extensively used in gas research 
Fig * 1 * laboratories during the past 20 years, 



and for most purposes is quite satis¬ 
factory. It needs, however, con¬ 
siderable attention, and its Tate of 
circulation is rather slow; thus, for 
example, when it is attached to an 
apparatus of about 1500 c.c. capacity 
the fastest possible rate is one circu¬ 
lation in about 20 minutes. And in 
order to ensure a steady rate of 
circulation, which is independent of 
any fluctuation of the water supply, 
the latter must be controlled by a 
subsidiary device. We have recently 
devised a new type of circulating 
pump for laboratory purposes, which 
Professor Bone considers is such a 
decided improvement < upon his 
original design that he is adopting 
it in his laboratories, and it is at 
his suggestion that we are giving 
the following account of it. 

The essential part of the apparatus 
consists of two small non-return 
mercury-sealed valves, which are 


alternately opened and closed by 
the periodic movement of a column of mercury. In the accom- 


ipa&jmg diagrammatic sketch of the apparatus, and V 2 are 
tbe two valves, into which are fused two capillary tubes, A and 
B. A side tube from V 2 ^d the capillary A are joined to either 
side of the mam apparatus through which the circulation is to 
take place. The ^ppary B joined to the side tube from Y* com¬ 
municates with ^ A side tube at the lowest point 

of the bend, of ife U-tube is connected by means of rubber tubing 
to a mercury reservoir, R. The plunger, P, consisting of a wooden 
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rod, fitting loosely in C, is suspended from a cross-bar, E, rigidly 
fixed to a block of wood or metal sliding up and down between 
two vertical guides and driven by means of a crankshaft actuated 
by a geared-down motor. The U-tube is partially filled with 
mercury so that the downward movement of the plunger, P, dis¬ 
places it in both arms of the U-tube. As the mercury rises in 
D, it compresses the gas above it, and the passage being blocked by 
the rise of mercury in the capillary A, the gas bubbles out through 
the mercury in valve V 2 . On the other hand, when the plunger is 
withdrawn, the mercury descends in D, creating a partial vacuum 
above it, so that the gas is now sucked in through A, the capillary 
B being closed by the mercury in V 2 . Thus during one complete 
movement of the mercury column in D the gas is once sucked in 
through A and forced out through B, maintaining the circulation 
of the gas in the direction of the arrows. 

The circulation velocity of the gas depends in the main on the 
bore of the tube and the amplitude and rate of oscillation of the 
mercury column in it. In order to obtain the maximum velocity 
of circulation, the up and down motion of the plunger should 
synchronise with the natural period of oscillation of the mercury 
column in the U-tube. The length of the stroke of the mercury 
column can be altered either by raising or lowering the plunger, 
which is suspended from the cross-bar, E, by means of a length of 
2BA threaded rod, or the mercury reservoir R. 

In order that the apparatus may circulate efficiently, particularly 
at very low pressures, it is neoessary to eliminate by the use of small 
bore tubing, as far as possible, all dead space above the column of 
mercury in D, without, however, impeding too much the flow of 
the gas. In valve V A> the inner tube terminates about 1—2 mm. 
below the side tube, and the ends of the capillaries in both valves 
are cut and not rounded in a flame, whilst the quantity of mercury 
in the bulbs is just sufficient to cover the ends. Taps T x and T s 
enable the apparatus to be evaeuated or filled with gas without 
the mercury in the valves splashing over. The valves may be filled 
with mercury in situ ; and whenever necessary, the mercury levels 
may be adjusted to optimum positions by suitably manipulating 
the reservoir R, with the taps T x and T 2 closed, when mercury 
may be added to or siphoned off from B until the end of the inner 
tube is just covered. Any mercury introduced into V x during this 
operation automatically overflows through G when the mercury 
level in the U-tube is lowered. 

Several such circulation apparatus may be worked by a single 
motor, as a number of pistons may be attached to the same cross¬ 
piece. Three circulation apparatus of the type are at work in 
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these laboratories, two sets of four each and one of two. One of 
these has been in continuous work for more than 7 months, and 
the others for 4 months. With a U-tube bore of 1*5 cm., the 
maximum rate of circulation attained was 162 litres an hour. By 
adjusting the height of the plunger this could be cut down to a few 
c.c. per hour. With uniform movement of the plunger the rate of 
circulation is likewise uniform. The apparatus continues to circulate 
down to a pressure of 6 mm. of Hg. At a pressure of about 3 mm., 
circulation ceases. 

The apparatus may be employed for the circulation of liquids. 

The mercury, since it is not agitated, and the circulating gases 
may be kept dry by phosphoric anhydride floating on the mercury 
in I) and in the valves. This does not impede the smooth working 
of the apparatus. 

If static charges due to the friction between the mercury and 
the glass are removed by earthing the mercury contained in the 
valves and the U-tube, the mercury and the glass remain clean, 
and dust does not collect on the outside of the apparatus. 

Imperial College op Science and Technology, 

South Kensington. [Received, July 21 et, 1925.] 


CCCXXXVn.— The Cyanine Dyes. Part IX. The 
Mechanism of the Condensations of Quinaldine 
Alhyliodides in Presence of Bases. 

By William Hobson Mills and Richard Rarer. 

In a discussion of the differences of reactivity shown by methyl 
groups adjacent to the nitrogen atom in heterocyclic bases of the 
qumoline, isoqninoline, and thiazole series one of us and J. L. B. 

(J., 1922,121, 2724) were led to the view that the reactivity 
ofthe methyl group in a system of the type I was dependent upon 
the ability or inability of the system to pass over into the form II. 




sN 


'f 

/ 


:ch. 

!nh 


2 (n.) 


_ v i group on this view might be regarded 

as connecfeed with the unsaturation of the nitrogen atom with 
which it was associated {compare Vorlander, Bar., 1902, 35, 4145). 
But it Was also emphasised in that paper that the reaetiviiy of 
such methyl groups isgreater in. the quaternary salts of the bases 
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than in the bases themselves. The enhancement of the reactivity 
of the methyl group consequent on the addition of an alkyl group 
to the nitrogen atom called therefore for explanation, for this 
addition would be supposed to reduce the unsaturation to which 
the reactivity had been referred. 

Since the condensations in question of the quaternary salts are 
brought about by the influence of strong bases, such as piperidine, 
the view was advocated that the actual substances through which 
the condensations were effected were the alkyl derivatives (IV) of 
the methylene bases (II) formed by the removal of the elements of 
the acid from the quaternary salts by the base used as condensing 


(m.) I-CH 3 + base = .'iCHg (IV.) -f base, HX. 
NRX JXR 


agent. The reactivity both of the bases and of their quaternary 
salts was thus referred to secondary products (II and TV) of the 
same type. 

On this view, in a solution containing, for example, quinaldine 
ethiodide, piperidine and a substance of the type XIO, such as 
benzaldehyde or nitrosodimethylaniline, interaction first takes place 
between the piperidine and the quaternary salt with the formation 
of a certain amount of methylene base and piperidine hydriodide. 
The reactive methylene base then condenses with the aldehyde or 
the nitroso-compound to form an intermediate basic product. 
Lastly, this reacts with the piperidine hydriodide formed in the 
first stage, regenerating piperidine and yielding the quaternary salt 
finally obtained. 



The view, to which the foregoing considerations thus lead, that 
the active agents in the condensations of quinaldinium salts are 
the methylene bases was first expressed on different grounds by 
Vongeriohten and Hofchen (Ber., 1908, 41, 3054). They showed 
that quinaldine ethiodide behaves towards cold aqueous alkalis 
differently from the quaternary salts of quinoline, giving an oil 
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insoluble in water winch readily dissolves in ether or benzene. 
They regarded this oil as a methylene base (V) formed thus: 

/\/\ /\/\ 

(T -' 

: NEt NEt 



\/ 


/CH 3 
NEt-OI 


and showed that it reacted with quinoline ethiodide in alcoholic 
solution to form ethyl-red (1:1'-diethyh’socyanine iodide). The 
importance of the part played by the methylene bases is also 
advocated by Konig (Ber., 1922, 55, 3301). 

We have made some experiments to test the view of the mechan¬ 
ism of the condensation of quinaldinium salts with aldehydes and 
with nitroso-compounds explained above and have been able to 
obtain evidence demonstrating the possibility of each step in the 
scheme suggested. 

(i). Methylene Bases .—The oils formed by the action of alkalis 
on quinaldine alkyliodides cannot be obtained analytically pure. 
We have been able to confirm the view that they axe methylene 
bases by examining the product similarly got from p-naphtha- 
quinaldine methiodide, which is crystalline (Vongerichten and 
Hofchen, loo. cit ., state that the corresponding ethyl derivative is 
solid). This substance was obtained in bright yellow platelets 
which gave on complete analysis numbers agreeing excellently with 
the formula VI. 

/\ 



NMe 


Further evidence respecting the oil resulting from the action of 
alkalis on quinaldine ethiodide has been obtained by examining its 
behaviour towards benzyl iodide. If the oil is a methylene base, it 

contains the grouping -N-C1C- and, in view of the exceedingly 
fhteijesthag work of Robinson (J., 1916, 109, 1038 ; see also Axznit 
a&d121, 829) on the addition of alkyl halides 


to this groupii^, it should then combine with benzyl iodide to 
form an ammonium salt in which the benzyl radical is attached, 
atom, but to the carbon atom in the 3-posit!on 




(i) 


\. 


NEt 


\/\ "i 

^jcHg-CHgPh H (VH.) 



NEt 


J 
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The actual products of the reaction were, however, quinaldine 
ethiodide and dibenzylquinaldine ethiodide . 

This shows that the first stage of the reaction must proceed as 
shown above (i), but that the primarily formed benzylquinaldine 
ethiodide and unchanged methylene base then interact to yield 
quinaldine ethiodide and the benzylmethylene base (]pil) (reaction 
ii), and the latter then reacts again with benzyl iodide according 


(V) + (VII) 


/x/ 


\/\c; 

NEtl 


0H S + 


y^^CH-CHaPh 
NEt (vm.) 


(vni) + CHoPhI 




\/ WJ 

NEtl 


CH(CH 2 Ph) 2 


to Robinson’s scheme (reaction iii), giving the final product, 
dibenzylquinaldine ethiodide (IX). The formation of quinaldine 
ethiodide in the reaction is a sufficient proof of the occurrence of 
an interaction of the type (ii). 

To show that the last stage (iii) in this series of reactions can be 
realised, we prepared benzylquinaldine ethiodide (X) as indicated 
in the following scheme : 


/\/ N 


Ph*OHO + 


/\/ N 




NEtl 


;Oh:chpii- 


{.McHa-OHaPh 

NEtl (X.) 


and allowed the base obtained from it with sodium hydroxide to 
react with benzyl iodide. We found that dibenzylquinaldine 
ethiodide was again produced. 

Dibmzylguinaldine was previously unknown, but it has been 
synthesised by Mr. A. T. Akers and one of us (following paper). 
Its ethiodide proved to be identical with the product obtained by 
the action of benzyl iodide on the methylene base; the constitution 
of that product was therefore conclusively established. 

It is thus shown that when the bases obtained by the action of 
alkalis on quinaldine ethiodide, or benzylquinaldine ethiodide, are 
treated with benzyl iodide, quaternary ammonium iodides are 
formed in which the benzyl groups are attached, not to the nitrogen 
atom, but to a carbon atom in the 3-position with respect to it. 
This demonstrates that these substances must contain as their 
essential reactive constituents bases in which an ethylenic linking is 
conjugated with the nitrogen atom thus: -N*CIO-, that is, 
they must contain, at any rate under the conditions of these 
experiments, the methylene bases of the type V and VIII. 
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The behaviour of l-ethyl-2-methylen.e-i: 2-dihydxoquinoline 
towards benzyl iodide corresponds closely with that of 1: 3 : 3-tri- 
methyl-2-methyleneindoline towards methyl iodide (Zatti and 
rerratini, Gazzetta , 1891, 21, 326; Plancher, Ber., 1898, 31,1492): 


°« H *fXe> C:C ^ ^ C 6 H 4 <^>0:CMe 2 . 

(ii). Condensation of the Methylene Bases with Aldehydes .—When 
an alcoholic solution of the methylene base from quinaldine eth- 
iodide (l-ethyl-2-methylene~l : 2-dihydroquinoline) is heated with 
dimethylaminobenzaldehyde, condensation takes place readily 
vnthout the addition of any catalyst. The compound produced was, 
however, very unstable and could not be isolated, but it reacted 
immediately with one equivalent of hydrogen iodide to give the 
same purple dye, dimethylaminostyrylquinoline ethiodide (XII), 
as is produced when quinaldine ethiodide is heated with dimethyl- 



OOH*C,Byme, 

- 


alkali 


• -f-piperidine 

NEtl 


(XI.) 

NEt 

m •CH:CH-G 6 H 4 *NMe 2 
NEtl . (xn.) 


aminobenzaldehyde in presence of piperidine. It is therefore 
probable that the substance first formed has the constitution XI, 
This conclusion was confirmed by an examination of the con¬ 
densation products obtained from the methylene bases derived 
team pmaphthaquinaldine methiodide and ethiodide, which are 
£ mote stable and more easily manipulated. They are deposited 

K /the reaction mixture as sparingly soluble, scarlet powders 
Save Compositions closely approximating to those required by 
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formula XIII (although these may well form the primary products 
of the reaction). They are immediately converted by hydriodie 
acid into the purple dyes of the formula XV, which are also formed 
by treating p-naphthaquinaldine alkyliodides with dimethylamino- 
benzaldehyde and piperidine. If, as appears certain from the 
foregoing observations, the purple dyes are formed from the scarlet 
condensation products by the simple addition of the elements of 
hydrogen iodide, this addition can only have taken place in accord¬ 
ance with Robinson’s scheme. The hydrogen atom added will be 
that indicated by the clarendon type in formula XV and the 
constitution of the scarlet condensation products must be repre¬ 
sented by formula XIV. They are thus allene derivatives and 
have the instability characteristic of substances containing the 
allene grouping. 

Since these allene bases proved capable of abstracting hydrogen 
iodide from piperidine hydriodide, forming the purple dyes (XV), 
the evidence for the scheme on page 2467 seems complete. 

(iii). Production of Unsymmetrical 2 : 2‘-Carbocyanines .—The 
methods previously available for the formation of dyes of the 
pinacyanole type enable the symmetrical members only of the 
class to be prepared, that is, those in which the heterocyclic nuclei 
are similar and similarly substituted. By taking advantage, 
however, of the great reactivity of the methylene bases, it is possible 
to prepare unsymmetrical 2 : 2'-carboeyanines. 

We found in the first place that the methylene base obtained 
from quinaldine ethiodide reacts with formaldehyde and quinaldine 
ethiodide to form pinacyanole. We then treated the same 
methylene base with formaldehyde and p-toluquinaldine ethiodide 
and thus obtained the unsymmetrical monosubstituted pinacyanole, 
6-methyl-1: l'-diethyl-2 : 2'-earboeyanine iodide (XVI), which acts 
as an exceedingly powerful photographic sensitiser for the red. 



NEtl (XVI;) NEt 
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formaldehyde, the methylene base gave the unsymmetrical carbo- 
cyanine (XVII). 

Similar condensations could probably be also effected between 
the methylene bases, formaldehyde, and other quaternary salts 
containing a reactive methylene group such as lepidine ethiodide 
or l-methylbenzthiazole ethiodide. This method of preparing 
unsymmetrical carbocyanines is being investigated more fully. 

Experimental. 

l-Metfiyl-2-meihylene-l : 2-dihydro-$-naphthaquinoline (VI).—The 
yellow base precipitated by the addition of sodium hydroxide to an 
ice-cold 1—2% solution of £-naphthaquinaldine methiodide was 
extracted with ether and the ethereal solution, after drying with 
potassium carbonate, was concentrated until solid just began to 
separate. On cooling rapidly, the methylene base was deposited 
as bright yellow platelets, darkening at 80° and gradually decom¬ 
posing above that temperature (Found : C, 87*4, 87-1; H, 6*3, 6*3; 
N, 6*65, 6*6. C 15 H 13 N requires C, 86*95; H, 6*3; N, 6-8%). The 
substance becomes bright green on exposure to air. In an exhausted 
desiccator decomposition is slower, but even under these conditions 
a tar is formed in a few days. 

Condensation of the Methylene Bases with Dimethylccminobenzal- 
dehyde .—The methylene base from p-naphthaquinaldine ethiodide 
(1*75 g.) was boiled for 1 hour with ^-dimethylaminobenzaldehyde 
(0*75 g.) dissolved in rectified spirit (60 c.c.). The product separated, 
partly as a scarlet powder, partly as a nodular deposit on the flask 
which had an eosin-like lustre and gave the scarlet powder when 
ground up. It dissolves easily in benzene or chloroform, but is 
practically insoluble in the other common solvents (Found : C, 84*8, 
84*8 ; H, 6*8, 6*95; N, 7*5, 7*45. C 25 H 24 N 2 requires C, 85*4; 
H, 6*8 ; N> 7*9%). 

The methylene base from (B-naphthaquinaldine methiodide and 
dt^ethylaminobenzaldehyde gave a very similar product (Found : 
644, 85*5 ; H, 6*4, 6*5, 6*6; N, 7*5, 7*6, 7*3, 7*7. 

0, 85*2; H, 6*5; N, 8*3%). 

A<Mm of Hydriodic Acid on the Condensation Products. —The red 
powder (0*62 g.) prepared in the above manner from P-naphtha- 
qumaWine ethiodide was treated with 1 mol. of hydriodic acid 
*, (6*1# of acid* b. p. 126°) in hot alcohol. On cooling, ^-dimethyl- 
ammob^osyMcne-g-naphthaquinaldine (0*73 g.) crystallised, m. p. 

' 227—235 

Wot comparison, p-naphthaquinaldine ethiodide (1*75 g.) and 
dimethylaminobenzaMehyde (0*75 g.) were boiled in alcoholic 
with piperidine (3 drops) for 2 hours. On cooling the 
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resulting red solution the dye was deposited as lustrous needles, 
m. p. 231—235° (decomp.) (Found : I, 26-45. C 25 H 25 N 2 I requires 
I, 26-3%). The product thus formed was identical with that 
obtained by the addition of hydrogen iodide to the red powder; 
mixed m. p. 228—235°. Similarly, the methylene base from 
quinaldine ethiodide (5 g.) was boiled with p- dimethylamino- 
benzaldehyde (2 g.) in alcoholic solution (50 c.c.) for 20 minutes. 
After cooling and addition of hydriodic acid (1*2 c.c., b. p. 126°), 
the mixture became red and dimethylammobenzylidenequinaldine 
ethiodide gradually crystallised, m. p. 247—248°, mixed m. p. with 
the compound formed by the condensation of quinaldine ethiodide 
with dimethylaminobenzaldehyde in presence of piperidine 247— 
248° (Found: I, 29*3, 29-6. Calc., I, 29*5%). 

Action of Piperidine Hydriodide on the Condensation Products .— 
To an alcoholic solution of piperidine hydriodide, prepared by 
adding a quantity of hydriodic acid just short of that required for 
neutralisation to piperidine (1*24 g.), was added the scarlet powder 
(3 g.) obtained from dimethylaminobenzaldehyde and the methylene 
base from p-naphthaquinaldine methiodide. After heating for a 
few minutes, the solution became purple-red and on cooling crystals 
(3-9 g.) were deposited. Recrystallised from pyridine, the substance 
was obtained as lustrous green platelets, m. p. 237—239°, which 
proved to be identical with the dye obtained by condensing 
(3-naphthaquinaldine methiodide with dimethylaminobenzaldehyde 
by means of piperidine; mixed m. p. 238—239° (Found: I, 27-2. 
Calc., I, 27*25%). 

Addition of Benzyl Iodide to l-Etkyl-2-methylene-l: 2-dihydro- 
quinoline.* —The methylene base (1-65 g.) from quinaldine ethiodide 
was heated for 30 minutes with benzyl iodide (2 g.) in benzene 
(30 c.c.). On cooling, dark reddish-purple crystals (1-7 g.) were 
deposited consisting of quinaldine ethiodide, dibenzylquinaldine 
ethiodide (IX), and some isocyamne. The last was removed by 
extracting with acetone in a Soxhlet extractor and the two eth- 
iodides were then separated by treatment with cold chloroform. 
Dibenzylquinaldine ethiodide dissolved and quinaldine ethiodide 
was left. The quinaldine ethiodide had m. p. 238°, mixed m. p. 
with a specimen of the salt prepared directly from quinaldine and 
ethyl iodide 236° (Found ; 0, .48*1; H, 4-6. Calc., C, 48*2; BE, 
4*6%). , 

Dibenzylquinaldine ethiodide , obtained by recrystallising the 
residue left on evaporation of the chloroform from methyl alcohol, 
formed yellow prisms, m. p. 214—216° (Found: I, 26;5, 26*6. 

*■ In the work described in this and the following section we received 
assistance from Mr. A. T. Akers. 
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C 26 H 26 OT requires 1,26*5%). The compound proved to he identical 
with that obtained from dibenzylacetone and o-aminobenzaldehyde 
(see following paper); mixed m. p. 216°. 

Benzylquinaldine Ethiodide. —Quinaldine ethiodide (5 g.) dis¬ 
solved in alcohol (30 c.c.) was heated for 20 minutes with benz- 
aldehyde (2 c.c.) and piperidine (2 drops). On cooling, benzylidene- 
quinaldine ethiodide was deposited in yellow needles, m. p, 227*5— 
228°* (Found: I, 32-5. Calc., I, 32*8%). It was reduced to 
benzylquinaldine ethiodide by heating 1*25 g, under reflux with 
hydriodic acid saturated at 0° (7 c.c.), glacial acetic acid (4 c.c.), 
and red phosphorus (0*2 g.) for 10 hours. The liquid was evaporated 
under diminished pressure, a little periodide which had separated 
was removed, and ether was added, when a rapidly solidifying oil 
was deposited. Crystallised from methyl alcohol, the compound 
gave yellow needles, m. p. 172—173° (Found: C, 58-4; H, 5*05. 
C^H^NI requires C, 58*6; H, 5*1%). This salt was also prepared 
by heating benzylquinaldine (Heyman and Konigs, Ber., 1883, 16, 
2606) with the equivalent quantity of ethyl iodide for 90 hours at 
100°, but since benzylquinaldine is not readily obtainable the first 
described method is the better . 

Treated with sodium hydroxide and ether, benzylquinaldine 
ethiodide yielded an anhydro-base which, treated with benzyl 
iodide in benzene solution for 15 hours in the cold followed by 
30 minutes’ boiling, gave dibenzylqumaldine ethiodide, m. p. 213*5°, 
identical with the product obtained from dibenzylquinaldine, or 
from the methylene base from quinaldine ethiodide. 

§-Methyl-l : I'-diethylcarbocyanine Iodide .—The methylene base 
(3*4 g.) from quinaldine ethiodide was heated for 20 minutes with 
p-toluquinaldine ethiodide (6*3 g.) and 37% formalin (1*5 c.c.) in 


boiling alcoholic solution (80 c.c.). A purple solution was formed 
which deposited felted masses of crystals on standing. These were 
treated with sulphur dioxide in hot methyl-alcoholic solution to 
iSecompose the periodide present and then recrystallised twice from 
(Found: 1,25*5. C 2S E 27 N^. requires I, 25*7%). 
a gelatino-bromide plate up to X 6950 for moderate 
with maxima at X 6400 and X 5500. 

s V-diethylcarbocyanine Bromide (XVI). — The 
s from quinaldine ethiodide (5 g.) was heated for 

2&'-. ^-naphthaquinaldine ethobrbmide (5 g.) in 

sfcdboijte ry^s&fem. (80 c.c.) and 40% formalin solution (2*5 c.c.). 
On cooling, the crude dye was deposited as a purple, amorphous 

* Vongericfctea an$ who prepared the compound by the addition 

of ethyl iodide to betmyli^DequmaMia e, give the m. p, as 216° (Ber., 1908, 
41, 3058). 
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powder. Purified by repeated crystallisation from methyl alcohol, 
it formed needles with a green metallic lustre giving a blue alcoholic 
solution. The air-dried product apparently contained a molecule 
of methyl alcohol of crystallisation. On attempting to remove this 
by heating in a vacuum at 110°, the compound lost bromine, 
presumably as ethyl bromide. The air-dried product was therefore 
analysed (Pound: C, 70*2; H, 5*8; Br, 15*1, C 29 H 27 N2Br,CH 4 0 
requires C, 69*9; H, 6*0; Br, 15-5%). 

The absorption spectrum in alcoholic solution is of the usual 
carbocyanine type with a main and two subsidiary bands. The 
bands are intermediate in position between the corresponding bands 
of pinacyanole and the carbocyanine from (B-naphthaquinaldine 
ethobromide (5 : 6 - 5' : 6' - dibenzo -1 ; V - diethylearbocyanine 


bromide). 

Main 

First Second 

subsidiary subsidiary 


band. 

band. 

band. 

Pinacyanole (1 : V -Diethylearbocyanine 
iodide) ... 

6070 A 

5625 A 

5192 A 

6 : 6-Benzo- 1 : 1' -diethylearbocyanine 
bromide . 

6260 

6750 

6360 

5 : 6-5': 6'-Dibenzo-l : l'-diethylcarbo- 
eyanine bromide . 

6380 

6880 

5600 


Our thanks are due to the Department of Scientific and Industrial 
Research for a grant which has enabled one of us (R. R.) to take 
part in this work. 

UmvBBSixY Chemical Laboratory, 

Cambridge, ‘ [Received, August let, 1925,] 


GGGXXXYm.—mbenzylguinaldine. 

By William Hobson Mills and Arnold Thomas Akers. 

As described in the foregoing paper, the action of benzyl iodide on 
the methylene base obtained by the action of alkalis on qninaldine 
ethiodide resulted in the production of a compound, which from 
its composition and method of formation was regarded as the 
ethiodide of dibenzylquinaldine (I). 

(I.) 


To c 
viouj 
and 



/\/CHO 


'CHtCHjPhla 


~f- I (D-.) 

NHj OG-CH(CByPh) 2 


onfiran that view of its constitution the synthesis of this pre- 
dyunknown base was undertaken from o-aminobenzaidehyds 
dibenzylaoetone (33), according to the general method of 
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Friedl&nder for the synthesis of bases of the quinoline series (i ter., 
1882, 15, 2574). Dibenzylaoetone, which also has not been pre¬ 
viously described, could not be obtained by the ketone fission of 
dibenzylacetoacetic ester, hydrolysis of whioh under various con¬ 
ditions gave only dibenzylacetic acid. It was, however, readily 
prepared by treating the amide of dibenzylacetic acid (Schneidewind, 
Ber., 1888,21,1328) with a large excess of magnesium methyl iodide: 

(CH 2 Ph) a OH-CO-NH 2 (OH 2 Ph) 2 GH-COMe. 

Both this reaction and the Friedlander synthesis proceeded 
smoothly and the ethiodide of the resulting dibenzylquinaldine 
proved to be identical with the compound obtained by the action 
of benzyl iodide on the methylene base. The interpretation of 
the course of this interaction explained in the foregoing paper was 
thus established. 

In preparing dibenzylacetyl chloride for the purpose of obtaining 
the corresponding amide the observation was-made that this acid 
chloride lost hydrogen chloride with remarkable ease when heated, 
forming a compound which was evidently benzylhydrindone (HI), 
since it had ketonic properties, forming a semicarbazone , 


s/CH 2 \ • 

j H OH'OHgPh 


C1CO 


/\/GH 2 n 

I I CH*CH«Ph (ni.) 

\/\GO/ 


A proof of its constitution was obtained by showing that it was also 
formed by reduction of benzylidenehydrindone (IV) (Kipping, J., 
1894, 65, 498), a method of formation which leaves no doubt as to 
its structure. 


CH< 


2\ 


-CO/ 



o:cHPh 

(IV.) 


/\/CH aX 


'V 

k/"co/ 


OH-CH 2 Pb 


e subsequently found that the facility with which dibenzylacetyl 
lost hydrogen chloride had already been observed by 
^ Wutke, and Gieseler ( Ber ., 1913, 46, 2200) and that they 
demonstrated the constitution of the product, although 


i manner. 


Experimental. 

—When a solution of acetoacetic ester in 
absolute afoohbl was treated with sodium ethoxide (1 moL) and 
benzyl chloi^ (I,mol.) and the mixture after completion of the 
reaction was tre^ed again in the usual way with the same reagents 
{I mol. of each), the principal product was not dibenzylacetoacetic 
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ester * but dibenzylacetic ester, b. p. 209°/19 mm. (Found : C, 80*5; 
H, 7*4, Calc., C, 80*6; H, 7*5%), The ester was readily hydrolysed 
by hot dilute alcoholic potash to dibenzylacetic acid, and we found 
this a more convenient method of preparing the acid than the 
hydrolysis of dibenzylmalonic ester (Bischoff and Siebert, Annalen, 
1887, 239, 92). 

To obtain the acid chloride (compare Leuchs, Wutke, and 
Gieseler, loc. cit.) the acid was heated on the water-bath for 4 hours 
with a slight excess of thionyl chloride. The product was then 
distilled rapidly under diminished pressure, when a. nearly colourless 
oil, b. p. 197°/12 mm., was obtained (Found: Cl, 13*5. Calc., 
Cl, 13*7%). The acid amide (compare Schneidewind, Zoc. cit.) was 
obtained by pouring the crude acid chloride, without removal of 
the slight excess of thionyl chloride, into a large excess of ammonia 
( d 0*88) at 0—5°. The precipitated amide after crystallisation 
from benzene had m. p. 128—129° (Found: C, 80*1; H, 7*1; 
N, 5*8. Calc., C, 80*3; H, 7*2; N, 5*9%). In this manner 30 g. 
of recrystallised amide were obtained from 40 g. of acid. 

as-j Dibenzylacetone, (C 6 H 5 *CH 2 ) 2 CH*CO*CH 3 .—To a solution of 
magnesium (14*8 g.) in methyl iodide (40 c.c.) and anhydrous ether 
was added solid dibenzylacetamide, and the mixture was boiled 
for 18 hours. After decomposition of the magnesium compound 
with ice and dilute sulphuric acid the ethereal layer was separated. 
On evaporation of the ether the ketone was left as an oil, b. p. 
120—122°/16 mm. (Found: C, 85*5; H, 7*65. G 17 H 18 0 requires 
C, 85-7; H, 7*6%). Yield 21 grams. 

Benzylidenedibenzylacetone , (C 6 H 5 *CH 2 ) 2 CH*CO*CHICH*C 6 H 5 .—To 
an alcoholic solution (150 c.c.) of dibenzylacetone (3 g.) and benz- 
aldehyde (1*3 g.), 10% aqueous sodium hydroxide (3 c.c.) was 
added, and the mixture left for 3 days. The crystalline precipitate 
formed was recrystallised from alcohol; m. p. 66—67° (Found: 
C, 88*6; H, 6*7. C 24 H 22 0 requires 0, 88*4; H, 6*75%). 

Dibenzylqninaldine (I).—To an alcoholic solution of o-amino- 
benzaldehyde (1 part) and dibenzylacetone (2 parts) a little solid 
potas&ium hydroxide was added and the mixture was boiled for 
5 hours. Water was then added and the alcohol evaporated, when 
the product was deposited as a pasty mass which, after keeping 
for some days in a desiccator, partly crystallised. The crystals, 
separated and recrystallised from methyl alcohol, gave colourless 
needles, m. p. 74° (Found: C, 89*4; H, 6*5; N, 4*4. C^B^N 
requires C, 89*2; H, 6*5; N, 4*3%). Yield 50%. 

Dibenzylquinaldine Methiodide. —Dibenzylqui n al d in e was hefted 

* This was obtained by Fittig and Christ {Anndlen, 1892, 288 , 124) by treat¬ 
ing acetoacetic ester with 1 or 1J- mols. of sodium ethoxide and benzyl chloride. 
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with excess of methyl iodide for 24 hours at 100°. The crystalline 
deposit formed separated from methyl alcohol in yellow prisms, 
m, p. 204° (Found: I, 27*5. CggH^NI requires I, 27*3%). 

Dibmzylquinaldine ethiodide was prepared similarly to the meth- 
iodide except that the heating was continued for 48 hours. Yellow 
prisms, m. p. 215—216° (Found : C, 64*9; H, 5-5; I, 26*7. Calc., 
C, 65-1; H, 54 ; I, 26*5%). The compound was identical with 
that obtained by the action of benzyl iodide on 1 -ethyl-2-methylene- 
1:2-dihydroquinoline. 

2-Benzyl-l-hydrindone. —Similarly to Leuehs, Wutke, and Gieseler 
(loc. cit ), we found that if in the preparation of dibenzylacetyl 
chloride, phosphorus pentachloride was employed, or if when using 
thionyl chloride the distillation was carried out too slowly or at 
too high a pressure, the chief product was benzylhydxindone 
(Found: C,86*5; H, 6*3. Calc., C, 86*5; H, 6*3%). The semi¬ 
carbazone , crystallised from alcohol, had m. p. 198—199° (Found: 
N, 15*2. C 17 H 17 ON 8 requires N, 15*05%). 

Reduction of Benzylidenehydrindone .—Benzylidenehydrindone was 
prepared as described by Kipping (J., 1894, 65, 480) except that 
thionyl chloride was used instead of phosphorus pentachloride for 
the preparation of phenylpropionyl chloride and zinc chloride was 
employed instead of alcoholic potassium hydroxide for the con¬ 
densation of hydrindone with benzaldehyde, equimolecular quan¬ 
tities of the latter two compounds being heated together for 8 hours 
on the water-bath with a little anhydrous zinc chloride, and the 
product separated by dissolving in alcohol and pouring into cold 
water. The reduction of benzylidenehydrindone to benzylhydrin- 
done was carried out as follows: Benzylidenehydrindone (10 g.) 
was dissolved in a mixture of methyl and ethyl alcohol, and 3*3% 
sodium amalgam (300 g.) was added gradually during 4 hours, the 
mixture being kept neutral to phenolphthalein by the regulated 
addition of 50% acetic acid. After evaporation of the alcohol, 
S^^r ; .was' added and the product was extracted with ether. It 
bSfed &t 222°/18 mm. and its identity with the compound formed 
^ life dE hydrogen chloride from dibenzylacetyl chloride was 
/£&$$$! byconversion into the semicarbazone (Found: C, 73*5; 

€ 17 H 17 0N 8 , C, 73*1; H, 6*1%). The m. p. of this 
as well as the “ mixed m. p.” with the semicarbazone 
c£ 13m feeteae Obtained from diphenylacetyl chloride was 198—199°. 

The carbon, hydrogen and nitrogen recorded in this 

paper were by Mr. F. H. Flack. 

n^^vjjjasrgY Os 

C Amm s x m- [Received, August 1st 9 1925.] 
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CCCXXXIX .—The Resolution of an Asymmetric 
Arsenic Compound into its Optically Active Forms . 

By William Hobsoh Mills and Richard Raper. 

Ih spite of the probability that corresponding compounds of 
nitrogen, phosphorus, and arsenic possess similar stereochemical 
configurations, numerous investigations have shown that for some 
reason it is not possible to demonstrate the molecular dissymmetry 
of the phosphonium and arsonium compounds in the same simple 
way as has been done for the quaternary ammonium salts. Thus 
in the case of the arsonium compounds the attempts to effect 
resolution carried out by Michaelis (Annalen, 1902, 321, 159) and 
Winmill (J., 1912, 101, 718) gave negative results. Similarly, 
negative evidence only was obtained in attempts to resolve arsine 
oxides made by Burrows and Turner (J., 1921, 119, 426), Aeschli- 
mann and McCleland (J., 1924, 125, 2025), and Aeschlimann (this 
vol., p. 811), although amine and phosphine oxides are readily 
resolved (Meisenheimer, Ber., 1908, 41, 3966; Meisenheimer 
and Lichtenstadt, Ber., 1911, 44, 356). The only positive result 
hitherto recorded is that of Burrows and Turner (foe. ciL), 
who succeeded in obtaining a solution of ^-phenyl- a-naphthyl- 
benzylmethylarsonium iodide which showed a rotation of = 0*1° 
in a 2-dcm. tube. It seemed to us, therefore, that in order to 
obtain satisfactory evidence that arsenic can behave as a centre 
of asymmetry, it would be advisable, in the first instance at any 
rate, to investigate some other type of compound of the element. 
We have therefore prepared and examined p -Mrboxyphenylmethyl- 
ethylarsine sulphide (I), and have found that it can be resolved 
into enantiomorphous modifications. This compound is closely 
related in structure to the tertiary amine and phosphine oxides 
obtained in optically active forms by Meisenheimer; the procedure 
we have followed for effecting its resolution is, however, different. 
Meisenheimer made use of the basicity of the oxides for this 
purpose. Thus, in the case of methylethylaniline oxide, the 
separation was brought about through the diastereoisomeric salts 

0 IO H 14 BrS0 3 . We thought it advisable that the 

arsenic atom should be shielded as far as possible from disturbance 
in the processes of salt formation and decomposition involved in 
resolution experiments, and therefore chose a compound deriving 
its salt-forming capacity from a substituent carboxyl group. We 
regard the presence of the sulphur atom as the essential feature 
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which enables the molecular asymmetry of the compound to be 
demonstrated experimentally. The grouping R^RgR^AsIS forms 
a chemically indifferent complex, free from the basicity characteristic 
of the arsine oxides (the sulphide used in these experiments did not 
form a hydrochloride), and whilst the corresponding oxygen com¬ 
pound shows only a feeble acidity, being presumably an internal 

— *f 

salt, 0*C0'C 6 H 4 *AsMeEt*0H, this arsine sulphide carboxylic acid 
is strongly acidic and forms stable salts with the commoner 
alkaloids. 

^-Carboxyphenylmethylethylarsine sulphide (I) was prepared by 
oxidising p-tolylmethylethylarsine (II) to p -carboxyphenylmethyl- 
ethylarsine oxide (III) and treating the hydrochloride of this 
substance with hydrogen sulphide in aqueous solution (Michaelis, 

CH 3 -C 6 H 4 -As<^ ^1% 

(II.) 


Annalen, 1902, 320, 306). It was resolved by the fractional 
crystallisation of its brucine and morphine salts. The specific 
rotation of the brucine salt of the racemic acid is [a]^ = — 5*8°. 
During twelve recrystallisations of the salt from water its specific 
rotation fell steadily until the value [a]g^ = — 19*65° was reached, 
although analyses showed that its composition remained unchanged. 
Two further recrystallisations gave values of [a]^ = — 19*5° and 
— 19*6° respectively. The resolution was therefore considered to 
be complete, and the Isevorotatory acid obtained from the salt after 
removal of the brucine was regarded as the optically pure Z-acid. 
Its specific rotation was not altered by recrystallisation, and it gave 
the following polarimetrie constants : 

MS. = - 19d°. [JfJS, = - 52° (in alcohol). 

= - 21*6°. [ifE, = - 59° (in alcohol). 

The morphine salt was fractionated by dissolving it in alcohol and 
precipitating with ether. After four recrystallisations, a specific 
rotation of — 50° for the mercury green line was attained, and six 
further recrystallisations failed to change this. The d-acid set 
free from this salt gave values for the specific rotation which were, 
within the limits of the errors of observation, equal and opposite 
to those found for the Z-acid. 


H0 2 C-C 6 H 4 -As<^ 


on.) 


H0 2 C-C 6 H 4 -Ab<: 


(I.) s 


Me 

''Et 
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Experimental. 

p -Tolylmethyliodoarsine. —^-Tolylarsenious oxide (50 g.) is dis¬ 
solved in a solution of sodium hydroxide (27*7 g.) in water (55 c.c.) 
and rectified spirit (220 c.c.), the liquid being kept cool. The 
solution is placed in a flask attached to a reflux condenser, and 
methyl iodide (28 c.c.) is added. After standing 24 hours, the 
alcohol is distilled off, the residue acidified with hydrochloric acid, 
potassium iodide (50 g.) added, and the solution saturated with 
sulphur dioxide. The p -tolylmethyliodoarsine, separates as a dark- 
coloured oil, which is taken up in chloroform, dried with calcium 
chloride, and distilled in a vacuum. The distillate is a golden- 
yellow oil, b. p. 163—165°/12 mm., which solidifies on standing to 
canary-yellow needles, m. p. 29° (Found : C, 31-2; H, 3-1; I, 
41*15. C 8 H l0 IAs requires C, 31*2; H, 3*05; I, 41*25%). Yield, 
50 g. 

p -Tolylmethylethylarsine. —-Tolylmethyliodoarsine (100 g.) is 
dissolved in dry benzene (100 c.c.) and added slowly to a Grignard 
reagent prepared from magnesium turnings (10*4 g.), dry ether 
(200 c.c.), and ethyl bromide (31 c.c.). When the addition is com¬ 
pleted, the liquid is boiled 2 to 3 hours and poured on to ice. The 
whole is acidified with dilute sulphuric acid, and the ethereal layer 
separated off and dried with sodium sulphate. The solvents are 
removed, and the arsine distilled in a vacuum. It is a colourless 
oil, b. p. 117°/15 mm. Yield, 50 g. (Found: C, 57*1; H, 7*2. 
C 10 H ls As requires C, 57*1; H, 7*1%). 

dl-j)-Carboxyphenylmethylethylarsine Sulphide (I).—^-Tolylmethyl- 
ethylarsine (25 g.) is treated gradually with shaking with a solution 
of potassium permanganate (50 g.) in water (2 litres). The mixture 
is placed in a thermostat at 35° until the oxidation is complete 
(7—10 days). The excess of permanganate is removed by adding 
alcohol, and the filtrate from the manganese dioxide is acidified 
with hydrochloric acid and evaporated to dryness. The residue 
is taken up in water (400 c.c.) and the solution saturated with 
hydrogen sulphide. The precipitated sulphide, recrystallised from 
water, forms lustrous needles, m. p. 183°. Yield 10—12 g. 
(Found: C, 44*0; H, 4*8; As, 27*8. C 10 H 13 O 2 SAs requires C, 44*1; 
H, 4*8 ; As, 27*6%). The compound is readily soluble in alcohol 
or chloroform, but insoluble in benzene, light petroleum, or 
ether. 

Brucine salt. Brucine (50 g.) and <fi-acid (40 g.) were heated 
under reflux in absolute alcohol (500 c.c.) for 2 hours. The cry£td(& : 
deposited on cooling were collected and fractionally crystallised 
voii. cxxvn. 4& 
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from water. The following table shows the progress of the 
resolution: 


No. of 

Gram of 
salt in 
chloroform 

q20° 

o461 - 


No. of 

Gram of 
salt in 
chloroform 

«20° . 
a 5461 * 


recryst. 
Salt of 

(25 c.c.). 1 

= 2 dcm. 

[“fix* 

recryst. 

(26 o.o.). 1 

=2 dcm. [«]£,. 

dK-acid* 

0-6000 

-0-23° 

- 6-8° 

7 

0-4128 

-0*55 

-16-6 

1 

0-6322 

-0-30 

- 7-1 

8 

0-5167 

-0*71 

-17*2 

2 

0*6120 

-0-49 

-10-9 

9 

0-5810 

-0*81 

-17*4 

3 

0-6252 

—0*62 

-12-3 

10 

0-5625 

-0-84 

-18*6 

4 

0-6730 

-0-64 

-11-8 

11 

0*5480 

-0*81 

-18-5 

5 

0-6837 

-0-68 

-14-8 

12 

0-5026 

-0-79 

-19-65 

6 

— 

— 

— 

13 

14 

0-6067 

0-5163 

-0*75 

-0*81 

-19-5 

-19-6 


* This was obtained by dissolving 0-296 g. of brucine and 0-204 g. of 
dZ-acid in 26 c.c. of chloroform. The rotation of 0*296 g. of brucine in 26 c.c.’ 
of chloroform is a 64n = 3*37°. 


The composition of the salt remained constant throughout the 
fractionation, the values obtained from the crops in the 1st, 4th, 
5th, 7th, and 12th recrystallisations being C, 58*4, 58*2, 58-0, 58*1, 
58*3 ; H, 6*0, 6*2, 6*15, 6*1, 6*0; N (7th recryst.), 4*9; As (7th 
recryst.), 11*4. C^H^OgNgSAs requires C, 59*5; H, 5*9; N, 4*2; 
As, 11-3%. 

bp-Carboxyp7ienylmethylethylarsine Sulphide. —The final fraction 
of the brucine salt was shaken with excess of sodium hydroxide and 
chloroform, and the aqueous layer extracted four times with chloro¬ 
form to ensure complete removal of the brucine. The solution of 
the sodium salt was kept ice-cold and acidified with hydrochloric 
acid, the l-acid collected, washed with water, and dried. It was 
reerystalliBed by dissolving in chloroform and precipitating with 
light petroleum; m. p. 175—177° (Found : 0. 44-0; H, 4*7. 
C I0 H ls O a SAs requires C, 44-1; H, 4*8%). 

0*5753 g. made up to 50 c.c. with absolute alcohol gave the 
following measurements in a 6-dcm. tube at 20° : 

«&> « - 1*31°; [affio - - 19*1°; [Ift = - 52°. 

; ^ ^ -1*49°; [«JL ==-21*6°; [Jf]^ =-59°. 

Morpkme Morphine (40 g.) and dl- acid (40 g.) were heated 
under refluxin absolute alcohol (500 c.c.) for 2 hours. The solution 
was filtered, allowed to cool, and ether (400 c.c.) was added. The 
morphine salt (64 g.) was fractionated by dissolving in absolute 
alcohol, filtering, adding ether until the solution became turbid, 
warming, and attowhg to stand. The following table shows the 
progress of the resolution: 
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Gram o£ salt Gram of salt 


No. of 

in alcohol 

a 5461» 


No. of 

in alcohol 

a 5461* 


recryst. 

(25 e.e.). 

1=2. 

[ a ]5461* 

recryst. 

(25 c.c.}. 

1=2 . 

[ a ls461* 

Salt of 




5 

0*3282 

-1*30° 

-49*6° 

<ZZ-acid* 

0-55 

—2*86° 

— 64*9° 

6 

— 

— 

— 

1 

0*3000 

—1*36 

-56*8 

7 

0-2980 

-1*23 

-51*6 

2 

0*4714 

-2*01 

-53*4 

8 

_ 

_ 

_ 

3 

0*3572 

—2*28 

-53*8 

9 

0*2077 

-0-79 

-47*5 

4 

0*3104 

—1*26 

-50*8 

10 

0*2100 

-0*86 

-51*1 


* Obtained by dissolving 0-28 g. of morphine and 0*27 g. of c^-acid in 
25 c.c. of absolute alcohol. 


d-p -Carboxyphenylmethylethylarsine Sulphide .—The final fraction 
of the morphine salt was shaken with chloroform and successive 
quantities of dilute sulphuric acid until the latter extracted no 
more morphine. The chloroform solution was dried with anhydrous 
sodium sulphate, and the d -acid was precipitated by adding light 
petroleum. 

0*3530 g. made up to 15 c.c. with absolute alcohol gave the 
following measurements in a 2-dcm. tube at 20° : 

a^o = + 0*90°; [«]& - + 19-1°; «& = + 0*98°; [* = + 21°. 

The acid was recrystallised by dissolving in absolute chloroform and 
precipitating with light petroleum; m. p. 175—176°. 

0*2560 g. made up to 15 c.c. with absolute alcohol gave the 
following measurements in a 2-dcm. tube at 20° : 

= + 0*64°; [«]& = + 18*7°; [«o - + 51°. 

- + 0*76°; [a& == + 22*2°; [iffit = + 60°. 

= + 1*33°; [a]Se = + 39*4°; [jK]£, - + 107°. 

(Found : C, 44*25,44*3; H, 4*9,4*8. C 10 H 13 O 2 SAs requires 0, 44*1; 
H, 4*8%). 

The authors wish to express their thanks to the Chemical Society 
for a grant towards the expenses of this research, and also to the 
Department of Scientific and Industrial Research for a maintenance 
grant made to one of them during part of the time occupied in 
carrying out the work. 

University Chemical Laboratory, . 

Cambridge. [Received* August 26th, 1925.] 
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EVANS : THE PRODUCTION OP OXIDE FILMS 


CCCXL ,—The Production of Oxide Films on Copper 
at the Ordinary Temperature . 

By Uliok: Richardson Evans. 

When copper is exposed to air at high temperatures, the oxidation 
proceeds rapidly at first, but soon slows down, since the film first 
produced restricts the access of oxygen to the metal below; never¬ 
theless a layer of scale of appreciable thickness is quickly formed. 
At low temperatures, diffusion through an oxide film is much slower, 
and thickening soon becomes sluggish; the films produced at about 
200° have thicknesses comparable with the wave-length of light, 
and interference tints therefore appear on the surface. The sequence 
commences: Brown, reddish-mauve, blue, greenish-silver; then 
follow the “second order ” colours yellow, rose, blue, green; one 
can usually observe a further alternation between rose and green, 
before the tints pass into the dull, pinkish-grey which is probably 
the characteristic colour of the oxide. 

At the ordinary temperature , copper can be exposed to dry, pure 
air for a long time without any visible change at all. It is considered 
by Tammann that an invisible oxide film at least one molecule 
thick is formed rapidly, but that this layer is practically impervious 
to oxygen at low temperatures, and soon ceases to thicken. 

Recently the author ( Ind . Eng, Ghent ., 1925,17, 363) found that 
colours of every hue, due to oxide films, could be produced at 
the ordinary temperature on copper (and also on brass, lead, zinc, 
and steel) by the combined action of oxygen and cathodic treatment —a 
combination which seems to render the oxide film less protective, 
and so allows the rapid attainment of visible thickness. These 
tints were first noticed on the “aerated zones 55 of corrosion- 
specimens exposed to the non-uniform action of oxygen, the electric 
current being produced by “ differential aeration. 95 Afterwards 
the tints were obtained with current supplied from an external 
source. 

The stimulation of film-formation by a combination of oxidising 
and reducing conditions had previously been noted by Hinshelwood 
(Proc, Boy, Soc., 1922, A, 102, 318), who had exposed copper 
alternately to oxygen and hydrogen at 233°; the oxygen produced 
a film of oxide, and the hydrogen reduced this to metal; on each 
successive oxidation, oxygen was taken up with increasing rapidity, 
probably on account of the porous character of the reduced copper. 
S im il ar ly Palmer (ibid,, 1923, A, 103, 444) found that a mixture 
c€ oxygen and hydrogen caused the oxidation of reduced copper 
Acre quickly than did oxygen alone. But these experiments all 
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referred to elevated temperatures, and it seemed desirable to study 
in greater detail the formation of visible films at the ordinary 
temperature . 

Materials and Apparatus .—Kahlbaum's pure electrolytic foil of 
1 mm. thickness was employed, the superficial oxide being removed 

Fig. I. 


M, I 



J, Glass bell-jar. H, Ground-glass plate . S, Rubber stopper . W l9 W 2 , 
Electrical leads. D x , D 2 > Brass clamp terminals . EE, Electrolysis vessel . A, 
Anode. C, Cathode . K Xf K 2 , Supports of stout copper holding air-delivery tube 
in correct position . L, Delivery tube for liquid . G, Tube for delivering air t and 
withdrawing liquid . M x , M 2 , Thermometers. F, Erame of glass tubing for hold¬ 
ing cathode taut . Ti, Three-way tap for evacuating flash , arcd admitting purified 
air. T 2 , Three-way tap for admitting and withdrawing liquid . P v P 2 , Screw 
regulating valves . B, Battery (two accumulators). R, Fana-^e resistance . 
G, Amwetfer. 

with emery (FF).* Kahlbaum’s sodium hydroxide, prepared from 
sodium, was used for the solutions. 

The electrolysis was conducted in a rectangular trough (E) 
7 x 5 X 9'5 cm. (Fig. 1), the electrodes (C and A) being clamped 

* Washing the ground surface with alcohol and benzene did not affect 
the velocity of Coloration. Colours can also be obtained on rouge-polished 
copper. 
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against the walls of the trough. In the earlier <c open-vessel ” 
experiments, this trough stood on the laboratory bench, and the 
liquid in it was undoubtedly kept in circulation by convection 
currents, which were perhaps rather exceptionally vigorous, 
since the work was conducted in very hot weather in a room immedi¬ 
ately below the roof. In the “ closed-vessel ” experiments, the 
electrolysis vessel, E, was enclosed below the bell-jar, J, which was 
cemented to the ground-glass plate, H, by tap-grease. The whole 
apparatus was immersed in a thermostat bath. By suitable oper¬ 
ation of the taps T t and T 2 it was possible (1) to exhaust the apparatus, 
(2) to fill the electrolysis vessel with JV/10-sodium hydroxide from 
the “ reservoir-flask/ 5 (3) to draw in purified air (which entered 
through five vessels containing sodium hydroxide, dilute sulphuric 
acid, sodium hydroxide, Nessler solution, and lead acetate respec¬ 
tively), and (4) to draw off portions of liquid as required. 

Open-vessel Experiments ,—Preliminary trials with various solu¬ 
tions indicated that Nf 10-sodium hydroxide was most suitable. At 
very low current densities (0*1 m.a./sq.cm.), colours could be obtained 
near the water level, during electrolysis itself. But it was found 
more convenient to apply a current density sufficient to produce 
evolution of hydrogen gas over the cathode; the metallic surface, 
which was then unchanged in appearance when the electrolysis 
ended, acquired coloration on standing. 

In early experiments, electrolysis was continued for 5 minutes 
at 2*5 m.a./sq.cm. After this time, 10 c.c/of liquid were sucked out 
so as to lower the water-level, and similar quantities removed at 
intervals, usually of 3 minutes. When the vessel had been completely 
emptied, the cathode was always found to be coloured differently 
in the various zones. The uppermost zone, which had emerged 
as soon as electrolysis terminated, was unchanged, but below this 
appeared colours depending on the period of immersion after the end 
of electrolysis; the order was exactly the same as in high-temper¬ 
ature tinting. Sooner or later the colour ceased to change further, 
although a prolonged exposure of about 12 hours produced patches 
of dull brown oxide on the low®: parts of the surface. 

The alteration in hue occurred sharply at each successive position 
of the water level; the metal, when once it had emerged above the 
water line, ceased to change colour further, even where it was still 
wet with a film of liquid, although the immersed portion continued 
to develop. It was, indeed, found that if, after a portion of the 
dectapode had emerged from the liquid, it was again submerged by 
reintroduction of liquid into the trough, no further colour change 
on those parts which had been exjwsed to & 

H, immediately after the cessation of electrolysis, part of the 
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cathode was wiped vigorously with a glass rod, a rubber-tipped 
rod, or another piece of copper, the part so treated lost its power of 
colouring, and the place remained unchanged long after the whole 
of the rest of the cathode had become tinted; when at last a change 
set in over the wiped area, only a dirty yellowish-grey or brown 
colour appeared. Vigorous stirring of the liquid also prevented 
the formation of colours beyond the first brown. 

The time required to produce coloration varied considerably in 
different experiments; and the period which elapsed between 
grinding and electrolysis seemed to be an important factor. In one 
case where grinding was performed just before the introduction 
into the bath, parts of the cathode failed to colour at all. This 
suggested that the presence of a thin invisible oxide film on the 
electrode before electrolysis might be favourable to the production 
of colours. It was difficult, however, to prevent coloration entirely 
by grinding alone, and attention was directed to the possi¬ 
bility of removing the hypothetical invisible oxide film by acid 
treatment, just before electrolysis. To prevent reoxidation, it 
was decided to plunge the cathode into the bath with the acid 
still adhering; a few drops of acid would quickly be neutralised by 
the large excess of alkali in the bath. Accordingly, isolated drops 
of acid were placed on part of the cathode surface; the electrode was 
then plunged into the electrolysis bath, and the current at once 
turned on. The parts wetted with acid were clearly distinguishable 
after the commencement of electrolysis, since hydrogen bubbles 
occurred here many seconds before they appeared on the main 
portion (owing, no doubt, to the high local hydrion concentration); 
the shapes of these areas were sketched on paper. After about 30 
seconds, hydrogen evolution became general over the whole surface. 
When the electrolysis was over, and the copper was allowed to colour, 
the centre of the acid-treated areas became tinted, but around the 
limits of the acid-treated areas were belts of unchanged copper, 
showing no colours whatever. Numerous other experiments, 
performed in different manners (both with V- and 5IV-acid), gave 
confirmatory results. 

Separate experiments were then made on the action of dilute 
sulphuric acid {both N and 5N) on copper covered with a visible 
film of cuprous oxide obtained by heating in air. A drop of acid 
placed on the oxidised surface produced black, spongy copper 
(due to the instability of cuprous sulphate); but as the drop spread 
slowly outwards over the oxidised surface, a zone of clean bright 
copper was produced at the edge of the drop, the copper being precip¬ 
itated preferentially on the nuclei of spongy copper abeady present 
in the central portion. Combining this result with that of the 
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previous experiment, it becomes evident that compact copper which 
is quite free from oxide and from porous copper is not easily rendered 
colourable by cathodic treatment; but that porous copper , whether 
produced by the action of acid or by cathodic action on an invisible 
oxide film, makes the surface readily colourable. 

A strip of freshly ground copper was heated in a flame along the 
left-hand edge, so as to produce a narrow brown rim, the rest of 
the strip being unchanged in appearance, although probably 
covered with an oxide film too thin to give the first oxidation tint. 
The strip was then subjected to cathodic treatment in the ordinary 
way, and allowed to colour. The coloration occurred most quickly 
at the left-hand edge, the colours appearing more and more slowly 
as the right-hand side was approached. The effect, however, 
extended far into the region wherein no visible alteration had occurred 
when the copper was heated. Evidently the presence even of an 
invisible oxide film is a favourable condition for subsequent cathodic 
coloration- 

Parallel experiments showed that copper which had been ground 
and heated in dry air for \ hour at 95° coloured much more quickly, 
and also more uniformly, than freshly ground copper. The heating 
at this temperature—in the absence of moisture—did not in itself 
cause any alteration in the appearance of the copper, and was 
adopted as preliminary treatment before all the 44 closed vessel ” 
experiments. 

Experiments with non-uniform current density showed that 
the colouring was essentially independent of the current density. 

Closed-vessel Experiments in the Thermostat Apparatus. —When a 
zinc anode was employed (to avoid the anodic production of oxygen), 
it was found possible—by continuing the exhaustion of the bell-jar 
throughout the experiment—to prevent any coloration other than 
a pale brown. But when the apparatus was filled with purified air, 
the colours appeared quickly after the termination of electrolysis, 
showing that the production of tints is not due to any atmospheric 
mipuiity, suc^ as hydrogen sulphide. 

Under thermostatic conditions, the colours produced without 
stirring were not uniform, the colour near to each position of the 
water jfovd bein g more 44 advanced ■” than that below. This was 
clearly due to the fact that oxygen reached the metal close to the 
water level more readily than it reached the part well below the 
: surface- A s i mil ar lack of uniformity in each zone had been noticed 
in some of the experiments made in open cells (no doubt when the 
convectionto circulate the oxygen); 
but it became a serious problem when the closed-vessel experiments 
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convection and also “Adeney streaming 55 (Phil. Mag., 1923, 45, 
835) were excluded. 

To obtain uniformity of oxygen concentration throughout the 
liquid, it was decided to bubble the air cautiously through the liquid 
(violent bubbling would destroy the colouring power of the cathode); 
under any conditions, coloration proceeded up to a point, and then 
no further change of tint occurred. Experiments wherein four 
cathodes, which had received electrolytic treatment for different 
periods, were simultaneously exposed to dissolved oxygen showed 
that the longer the time of electrolysis, and the more gentle the 
stirring, the more advanced was the final tint attained. On the 
other hand, thorough stirring gave brighter and more uniform colour 
than gentle stirring. In one experiment, conducted at 17-7°, with 
gentle stirring produced by electrolytic gas (a subsidiary cathode 
being provided below the anode), the cathode electrolysed for 20 
minutes reached the second-order red; that electrolysed for 10 
minutes attained greenish-grey (first order); that electrolysed for 
5 minutes reached reddish-brown (first order), whilst that electrolysed 
for only 1 minute was nearly unchanged, being only slightly brown. 

A more satisfactory method of obtaining the advanced colours 
consisted in blowing dried air on to the liquid surface from a tube 
just touching the liquid; this produced tremors over the surface, 
without causing bubbles to rise through the liquid. In one experi¬ 
ment, four cathodes were subjected to electrolysis for 20,10, 5, and 
2 minutes respectively. Liquid was then withdrawn at intervals, 
air being blown on to the surface between the occasions of removal 
at the rate of 200 c.c. per minute; the temperature was kept within 
0*1° of 21-7°. The cathode which had received 10 minutes’ 
electrolysis became red-brown in 2 minutes, bluish-mauve in 4 
minutes, and blue in 6 minutes. It then passed through green-grey 
and reached the second-order yellow in 16 minutes, and then passed 
through pink to bluish-grey, which was the final tint attained. The 
cathode electrolysed for 20 minutes developed slightly faster, and 
those electrolysed for 5 minutes or 2 minutes rather slower. But in 
all c&ses second-order tints were reached. 

Mechanism of Cathode Coloration .—There seems no doubt that the 
colouring agent is hydrogen stored in the copper; through alternate 
oxidation and reduction, the fil m will tend to he more porous than 
that obtained in the absence of hydrogen, and thus visible thickness 
will be reached. The charge of hydrogen will depend on the time 
of electrolysis, but not on the current density (which has little effect 
on'the over-potential, that is, on the supersaturation at the surfe#|% , 
this explains the effect of time of electrolysis on the final tint atefeiiL 
Stirring and withdrawal into air will allow the hydrogen to escape* 

4.0* ' ... . 



2490 evahs : the pbodtxctiox of oxide films 

before it has done its work, and will thus destroy the colouring 
power. 

It remains to explain why an invisible oxide film is favourable 
to subsequent coloration. Nearly all heterogeneous reactions com¬ 
mence at nuclei and spread out from them. It seems likely that at 
high temperatures the oxide nuclei produced on metal exposed to 
air are so close together that the oxide phase extending from the 
different nuclei soon comes to form a film of practically constant 
thickness. But at low temperatures, the “nucleus number” is 
doubtless much smaller; if the surface layer consists of ordinary 
compact copper, the oxidation, extending from sparsely distributed 
points, will fail to produce a film of constant thickness—at least for a 
considerable time. But a layer of porous copper with a true surface 
vastly exceeding the apparent surface will yield afar greater number 
of nuclei per unit apparent area, and the film formed may then quickly 
reach an approximately uniform thickness of the order needed to 
give interference colours. This also explains why wiping the surface 
(which will remove the spongy copper) destroys the colouring power. 

Experiments on the Anodic Oxidation of Copper in N 110-Sodium 
Hydroxide at Different Current Densities .—At 3*5 m.a./sq.cm., 
oxygen was evolved on the copper anode, which in 16 hours under¬ 
went no important change over the immersed portion; but two 
thin dark lines appeared just above and below the water level, as 
though the protective oxide film which prevented attack elsewhere 
had. here broken down (the water level is the usual place for such a 
break-down. Compare U. R, Evans, J. Soc. Cham, Ind., 1925, 
44, 163t). There was also some velvety black deposit on the back 
where the electrode touched the glass. Black cupric oxide had 
collected as a loose precipitate on the bottom of the trough, whilst 
& very adherent black layer had been produced on the glass on each 
side of the electrode at the water level. The liquid was found, 
after ffitration, to contain copper. Apparently at the water line 
the copper had passed into solution as sodium cuprate, which hydro¬ 
lysed, yielding cupric oxide, partly in the liquid, partly on the surface 
of the glass, and to some extent on the copper also. Electrolysis 
at I m.a./sq.cm, yielded similar results. 

At 0*25 m.a./sq.cm, the behaviour was quite different. No 
oxygen hubbies appeared on the anode, which began to turn brown 
within 6 minutes; after an hour it was wholly covered with a velvety 
black deposit. At the end of 5 hours, the anode was taken out and 
dried. The velvety deposit had a matt sooty character, the lustre 
of the copper h^ng lost; the appearance suggested that the sooty 
deposit was a secondary product—not due to direct oxidation. 
Yerypossibly—when the current density is insufficient to produce 
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passivity—the copper suffers anodic attack, yielding sodium cuprate, 
which (in the absence of the stirring due to oxygen evolution) 
decomposes in contact with the copper itself, yielding the velvety 
black deposit of oxide. An experiment at Ol m.a./sq.cm, gave a 
similar result. 

Several experiments were performed also with mechanically 
stirred electrolyte. An experiment at 0*1 m.a./sq.cm. produced 
colours on the anode as well as on the cathode. The colours on the 
anode appeared in the same sequence as those on the cathode, and 
in the well-stirred solution were quite brilliant. It seems quite 
possible that even these brightly coloured anodic oxide films may 
be produced by decomposition of cuprate. 

Blank specimens to which no external current was applied showed 
no change in the time (£ to 2 hours) required to produce advanced 
colours on cathode and anode. But copper strips half-immersed 
in Af/lO-sodium hydroxide for one night showed the familiar 
“ differential aeration phenomena.” The upper (cathodic) part to 
which oxygen had best access merely acquired a brown tarnish, 
whilst the lower (anodic) portion became covered with a black matt 
deposit; there were narrow black lines along the water level. 

The Effect of an Invisible Oxide Film on the Chemical Behaviour 
of Copper. —Further information on this point was obtained by 
means of silver nitrate—a plan suggested by the work of Dunstan and 
Hill (J., 1911, 99, 1853) and that of Bengough and Hudson (/. Inst . 
Metals , 1919, 21, 107). Copper exposed to dry air for 17 hours was 
darkened by N /25-silver nitrate much less quickly than freshly 
ground copper; exposure to carbon dioxide had no such effect, which 
must be attributed, therefore, to oxidation, not to self-annealing. 

A strip of copper was held in pliers at one end and the other end 
brought over the flame of a burner, so as to give the ordinary sequence 
of colours. After cooling in a desiccator, an area at the unheated 
end was again ground with emery, and the whole length of the strip 
was dipped under N /25-silver nitrate. The freshly ground portion 
blackened immediately, whilst at the other end the area covered by 
very thick scale began to develop glittering crystals of silver within 
10 seconds, probably owing to cracks in the scale. But after 
35 seconds the area covered by the first-order tints, and also the 
region adjacent to the first-order brown upon which no tint was 
visible, were practically unchanged apart from a very few, tiny 
crystals of silver.. The protective action of the invisible film was 
here very clearly marked. 

University Chemical Laboratory, 

Cambridge. [Received, August Ytth, -2-02&J 
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CCCXLI .—The Electrical Conductivity of Phosphorus 

Pentachloride . 

By George William Fraser Holroyd, Harry Chadwick, 
and Joseph Erhest H a lstead Mitchell. 

About 2 years ago, one of us (G. W. F. H., Ghent, and Ind 1923, 
348) suggested that when phosphorus trichloride (I) combines with 
chlorine it is probable that the ions (II) and (III) are produced. 

:ci:p:ci: 

:ci:p:ci: :ci: 

’* (i y m ' (if.) (in.) 

In this connexion, using a cell with a constant of about 0-6 and 
applying an E.M.F. of 6 volts, we found that a saturated 
solution of phosphorus pentachloride in nitrobenzene gave a current 
of 0*009 amp., a 1*5% solution of hydrogen chloride in nitrobenzene 
gave 0*0007 amp., phosphorus trichloride introduced into nitro¬ 
benzene with no special precautions to exclude moisture gave a 
just perceptible current, whilst the following gave no current: 
(1) nitrobenzene; (2) solutions of phosphorus pentachloride in 
(a) ethylene dibromide, ( b) benzene, (c) phosphorus trichloride ; 
(3) hydrogen chloride in ethylene dibromide; (4) hydrogen chloride 
in phosphorus trichloride. 

Plotnikov (Z. physiial . Ghent., 1907, 48, 220) observed that 
phosphorus pentabromide dissolved in bromine conducted the 
current, but he states ( Ghent. and Ind., 1923, 750) that phosphorus 
is formed at the cathode and combines with the bromine to form 
pentabromide. 

We propose to examine the nature of the ions formed in the 
case of the pentachloride, and to exa mi ne the solution of this 
substance in nitrobenzene in other respects, and desire to reserve 
tins field of investigation for the present. 

Experimental. 

The chlorides of phosphorus were prepared in the following 
manner. Yellow phosphorus was melted in a stout tube, and 
water which rose to the surface was removed with filter-paper. 
The phosphorus was sucked up into a glass syringe, where it was 
allowed to solidify. The narrow nozzle of the syringe was passed 
through a rubber stopper into a tube from which dry nitrogen was 
issuing. Into this tube the phosphorus was discharged. From 
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this tube the phosphorus was distilled in dry atmospheric nitrogen 
into a receiver. From the latter the phosphorus was run into a 
second tube, which was then sealed off from the receiver, and 


from which the phosphorus was 
again distilled in dry atmo¬ 
spheric nitrogen and collected 
in bulbs holding 0-5 to 5 g. of 
phosphorus. These bulbs were 
then sealed off, cleaned, and 
introduced into the tube A (see 
Fig.). The latter was sealed off, 
filled with dry nitrogen, and the 
bulb was broken with the help 
of a magnet acting on F. 

Chlorine, prepared from di¬ 
chromate and hydrochloric acid 
through which hydrogen chlor¬ 
ide had been passed to expel air, 
was washed and dried and 
passed over the phosphorus in 
such quantity as to form the 
trichloride or the pentachloride. 
In the latter case, excess chlorine 
was expelled by dry nitrogen. 
The inlet and outlet tubes were 
then sealed, and the cell below 
the diaphragm was filled with 
nitrogen and sealed. 

For solutions of phosphorus 
pentachloride t in nitrobenzene, 
the latter was introduced into 
the cell before sealing. Com¬ 
munication between the tube 


Fig. 1. 



A and the cell was then made 
by breaking the diaphragm. 

The phosphorus had a great 
tendency to remain liquid after 


P, bulb of phosphorus; F, iron rod 
sealed up in glass tube; S, frail glass 
support; B, bulb with spiked top; 
D, diaphragm; C, conductivity cell; 
B, reaction chamber; f, similar to F* 


being sealed up in the bulbs, remaining liquid in one bulb for more 


than 6 months. 


The Mtoicipac. Technical College, 

Blackburn. [Received, August 26$, I92J&J J 
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CCCXLII .—The Occurrence of Sylvestrene. 

By B. Sanjiva Rao and John Lionel Simonsen. 

It has been shown in previous communications (J., 1920, 117, 
571; 1922, 121, 2294; Ini. For . Bee 1924, 10, 161) that it is a 
characteristic property of d-A 3 -carene and d-A 4 -carene to yield 
on treatment with hydrogen chloride a mixture of sylvestrene 
dihydrochloride and dipentene dihydrochloride, the dicyclic system 
being disrupted by fission of the c^/cZopropane ring. To students 
of terpene chemistry the occurrence in nature of the hydrocarbon 
sylvestrene has always appeared to be somewhat anomalous, because 
it is the only naturally occurring terpene derived from m-cymene, all 
the other members of the group being ^-cymene derivatives. 

Although sylvestrene has been reported present in a considerable 
number of oils (“ Qrganische Chemie,” Beilstein, 4th ed., V, 125), 
it occurred to us that the hydrocarbon may not actually exist as 
such in nature, but that it may arise during the process of isolation 
and purification. A careful survey of the somewhat extensive 
literature appeared to us to offer sufficient support for this hypothesis 
to warrant its further investigation. 

Sylvestrene was first isolated by Atterberg (Ber., 1877, 10, 
1023) from Swedish pine-tar oil derived from Binus sylvestris, 
and its constitution was subsequently established by the investig¬ 
ations of Wallach (Annalen, 1885, 230, 240 ; 1887, 239, 24), of 
Baeyer (Ber., 1894, 27, 1915; 1898, 31, 2067), and of Perkin and 
his collaborators (J., 1907, 91, 482; 1908, 93, 1888; 1913, 103, 
2229). For the identification of the hydrocarbon, Atterberg (loc. 

p. 1208) treated the appropriate fraction of the oil with hydro¬ 
gen chloride, when sylvestrene dihydrochloride, m. p. 72°, was 
readily obtained. This method appears to hate been adopted 
by ah subsequent investigators. It is not without significance 
that Atterberg (loc. cit p. 1208) in one experiment could obtain 
only a dihydrochloride, m. p. 50° (the melting point of dipentene 
dihydrochloride), since it has been shown that in some cases d-A 4 - 
carene on treatment with hydrogen chloride yields dipentene 
dihydrochloride in larger quantity than sylvestrene dihydrochloride 
and the former therefore crystallises on cooling. Reference to the 
formation of dipentene dihydrochloride during the purification of 
sylvestrene is also made by Bertram and Wahlbaum (Arch. Pharm. r 
1893,231,301), who separated the latter only by prolonged fractional 

in the original oil by the direct preparation of its derivatives. 

Perhaps the most characteristic property of sylvestrene, a reaction 
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not shown by any other monocyclic terpene, is the deep bine colour 
developed by an acetic anhydride solution of the hydrocarbon 
when treated with a drop of concentrated sulphuric acid. The 
absence of this reaction in the case of the crude terpene separated 
from the oil of P. sylvesiris was observed by Wallach, but in spite 
of this he was inclined to regard the presence of the terpene in the 
original oil as being established. Bertram and Wahlbaum {loo. 
cit, p. 299), working with Swedish pine-needle oil from P. sylvesiris , 
obtained a faint violet coloration, and a similar observation was 
made by Umney (Pharm. J 1895, 55, 167), working with Scotch 
pine-needle oil. Morner (SvensJc Farm. Tids 1909, 317), in a 
paper which does not appear to have been abstracted, has made a 
full and careful investigation of the colour reactions of the various 
fractions of the oil from P. sylvesiris. He found that all fractions 
of the oil boiling below 185° gave a transient violet coloration, and 
that an indigo-blue colour was given only by the sesquiterpene 
fraction, which is known to contain cadinene. He specifically 
mentions that the blue colour shown by certain samples of the 
whole oil from P. sylvesiris needles cannot be due to the presence 
of sylvestrene. In a later communication (ibid., p. 1913), he 
established the same facts in the case of the oils derived from 
P. sylvesiris , P. pumilio, and P. abies of varying origins. The 
evidence, therefore, appeared to be against the existence of sylves¬ 
trene in these oils, and it is significant that a transient purple or 
violet coloration is characteristic of carene. 

We have submitted the oil from P. sylvesiris to a very careful 
examination. The oil used by us was obtained from A. Oarlsson’s 
Enkas Tallbarrolye Fabrik, Jonkoping, Sweden, and was of un¬ 
doubted authenticity. We have been quite unable to find any 
trace of sylvestrene in the oil, although we have found it to contain 
d-A 3 -carene in considerable quantity. 

This hydrocarbon was identified by the preparation of the char¬ 
acteristic nitrosate (decomposing at 147*5°) and also by the form¬ 
ation of sylvestrene dihydrochloride, m. p. 72°. d-A 3 -Carene was 
found to be present in all the fractions of the oil boiling below 
180° (more than 70% of the total distillate), except in that distilling 
at 153—157°/684 mm. (see p. 2497). From the sesquiterpene 
fraction (b. p. 185—187°/100 mm.) Z-cadinene was separated as 
the dihydrochloiide, and this fraction of the oil gives the well- 
known colour reactions associated with this sesquiterpene. We 
Consider ourselves justified in stating that the oil from P. sylves&is 
of Swedish origin contains d-A 3 -carene and does not ©d&taih 
^-sylvestrene, the previous isolation of ^-sylvestrene 
being due to the decomposition of the dicyclie terpene. 



2496 RAO ANB SIMONSES : THE OCCURRENCE OF SYLVESTRENE. 

We have also examined a small sample of the oil from P. pumilio, 
of unknown origin, obtained by purchase from Messrs. Boake, 
Roberts and Co. The oil was considerably resinified and therefore 
had a high density; like the oil from P. sylvestris , it was found to 
be free from sylvestrene whilst containing A 3 -carene. This terpene 
thus appears to occur somewhat frequently in nature, and in view 
of its ready identification by means of the sparingly soluble nitrosate, 
its detection presents little difficulty.* 

The probable absence of sylvestrene from natural terpenes is 
not without theoretical importance. If, as is generally assumed, 
the terpenes and sesquiterpenes arise from polymerisation of two 
or more molecules of isoprene, the occurrence of sylvestrene would 
offer no difficulty (I, II, III, and IV). 


Me 
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Me 
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ch 2 oh _ 

CH* CH 2 
^CH 
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pH CH 2 Me 
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CHa Me 
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Recently, however, Ingold {Annual Reports, 1924, 21 , 102) has 
suggested that the geranioi chain (Y) may more correctly be regarded 
as the first stage in the union of two isoprene molecules, with 
subsequent condensation to the dipentene (p-cymene) type (II). 

(v.) 9 i 9 —(no 

This proposal, owing to its simplification of sesquiterpene 
chemistry, has obviously much to recommend it; but it would 
clearly be inapplicable if sylvestrene occurred in nature. The proof 
offered in this note of the absence of sylvestrene in the oils from 
P. syfaeslris and P. pumilio makes it improbable that this terpene 
occurs in other oils and thus lends support to Ingold’s suggestion. 

We wish to take this opportunity of expressing our thanks to 
Professor Y. Henriques of the University of Copenhagen for 
obt ain i ng for us the sample of the oil from P. sylvestris , without 

*. Aa c h e n (A., 1919, i, 336) has stated that during an investigation of 
F i nnish turpentine fee succeeded in isolating a new hydrocarbon, b. p, 163— 
165°, which, since it yielded pxnene nitrosochloride, was closely related to 
g-pinene. We have been able to consult this paper in abstract only, but we 
venture to suggest that in all probability he was dealing with a mixture of 
a-pinesae and A a -carene, which are very difficult to separate. 
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which, it would not have been possible for us to undertake this 
investigation. 

Experimental. 

Section I. The Oil from Pinus sylvestris. 

The oil used in these experiments was pale yellow in colour and 
after drying over anhydrous magnesium sulphate had the following 
constants: <$$> 0-8661, 1*4729, [agf + 13*2°, acid value 0-28, 

saponification value 6*7, saponification value after acetylation 15*0. 

A quantity of the oil was subjected to a prolonged systematic 
fractionation using a four-pear Young still-head, the distillation 
being carried out at first under diminished pressure and finally 
at the ordinary pressure, when the following fractions were 
obtained: 


No. 

B.p. (684 mm.). 

.JO 

*sr- 

Mg’- 

Yield % of 
original oil. 

i 

153—157° 

O'8553 

1-4637 

+ 20-0° 

17-4 

ii 

157—161 

0*8553 

1-4656 

+ 16-7 

18*7 

iii 

161—167 

0*8556 

1-4676 

-{-11*7 

30-0 

iv 

167—176 

0*8573 

1-4711 

+ 8*0 

8*1 


Fraction (i). This fraction consisted of nearly pure a-pinene, 
the presence of this hydrocarbon being established by the prepar¬ 
ation of the nitrosoehloride decomposing at 107° and the nitrol- 
piperide, m. p. 118—119°. 

Fraction (ii). This fraction consisted of a mixture of a-pinene, 
(3-pinene, and e£-A s -carene. The presence of a-pinene was proved 
by the preparation of the derivatives mentioned above and by 
oxidation to pinonic acid (semicarbazone decomposing at 207°); 
p-pinene was shown to be present in very small amount by oxidation 
to nopinic acid, identified by the method of mixed melting points. 
The presence of d-A 3 -carene was established by the preparation of 
the nitrosate, which, after recrystallisation, decomposed at 147*5° 
and was found to be identical in every way with a specimen of the 
nitrosate from another source. On treatment of a portion of the oil 
with hydrogen chloride, d-sylvestrene dihydrochloride was obtained 
which melted at 72°, and this m. p. was unaltered on admixture 
with a specimen of the d-dihydrochloride from another source. 

Fraction (in). This fraction consisted essentially of <£-A 3 -earene 
(nitrosate, decomp. 147-5°; d-sylvestrene dihydrochloride, m. p. 72°). 
When oxidised in acetone solution with potassium permanganate, 
only a vfcry small trace of a keto-acid was formed, and this was 
identified as pinonic acid. No indication was obtained of the 
presence of either A 4 -carene or (S-pinene. When dissolved 
chloroform and treated with a chloroform solution of bromin.%:Ohe 
molecule of bromine was absorbed, the fairly sharp 
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indicating the probable absence of any bnt dicyclic terpenes in 
this fraction of the oil. When dissolved in acetic anhydride and 
treated with a drop of concentrated sulphuric acid, a transient 
purple coloration was observed. 

Fraction (iv). This fraction consisted of nearly pure d-A 3 -carene. 

During the distillation of the oil a considerable fraction was 
obtained which distilled above 115°/100 mm.; after treatment with 
alcoholic potassium hydroxide solution to hydrolyse any esters 
present, the residual oil was carefully fractionated, when two main 
fractions were obtained : (a) b. p. 167—-173°/683 mm., which was 
identified as i-A 8 -carene (d$JI 0*8573, n\f 1*471; nitrosate, decomp. 
147*5°), and (b) a viscid, yellow oil, b. p. 185—187°/100 mm. This 
after distillation over sodium had the constants <$$> 0*9082, 
1*499, [a]g° + 24*0°. When it was dissolved in acetic anhydride 
and treated with a drop of concentrated sulphuric acid, an emerald- 
green colour was obtained which changed to deep indigo-blue. 
This colour reaction was due to the presence of Z-cadinene, the 
presence of which was established by the preparation of the di- 
hydrochloride, m. p. 118°; and this m. p. was not depressed on 
admixture with an authentic specimen. In chloroform solution 
(5%), [a]ff = — 38*1°, which is in good agreement with the value 
found by Wallach ([a] D — 36*8°) (Annalrn, 1899, 252, 150) for this 
substance. 

Section II. The Oil from Pinus pumilio. 

The oil, of which only slightly more than 100 g. were available for 
examination, was dried over anhydrous magnesium sulphate and 
the constants were determined: 0*9221, n^f 14831, [a]g° 

— 9*3°, acid value 7*5, saponification value 31*5, saponification 
value after acetylation 89*6. The density of the oil was consider¬ 
ably higher than had been previously observed for samples of this 
mi, a fact probably due to the oil containing a large quantity of 
resinous material, which remained behind in the distilling flask on 

After the separation of the portion distilling above 140°/100 mm., 
tfae oil * was fractionated at the ordinary pressure, when the following 
fractions ware obtained 


Table IL 


No. 

B.p. (685 mm.). 

dE- 

30° 

»r* 

wr* 

Yield % of the 
original oil. 

I 

156—160° 

0*8512 

1*4648 

-12*6° 

16*5 

ii 

160—163 

0*8529 

1*4675 

— 14*7 

14*3 

iii 

163—166 


1*4661 

^15*7 

7*0 

IV r 

'-■v 166—176 

0*8561 

1*4711 

-21*3 

8*0 


to disfctUatKxi, tibe oil was treated with an. alcoholic solution of 
■ ~ hydroxide to remove the free acids and to hydrolyse any esters. 
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An examination of these fractions has shown fraction (i) to 
consist essentially of a-pinene (nitrosochloride, decomp. 107°; 
nitrolpiperide, m. p. 118-—119°); A 3 -carene was absent, since no 
crystalline nitrosate was obtained. Fractions (ii) and {in) con¬ 
tained a-pinene and A 8 -carene } * since both fractions gave a nitroso- 
chloride (decomp. 107°) and a nitrosate (decomp. 147*5°). Owing 
to the small quantity of material available, no attempt was made 
to examine these fractions for (3-pinene, the presence of this hydro¬ 
carbon in the oil from P. pumilio having been established by previous 
workers. 

Fraction (iv) consisted mainly of A 3 -earene, an excellent yield of the 
nitrosate being obtained. When it was dissolved in acetic anhydride 
and treated with a drop of concentrated sulphuric acid, a transient 
purple coloration was observed, but the blue coloration characteristic 
of sylvestrene could not be obtained. 

The higher-boiling fractions of the oil were not examined. 

Indian Institute of Science, 

Bangalore. [Received, September 14dh, 1925.] 


CCCXLIII .—The Colorimetric Dissociation Constants of 
3: 5-Dinitrocatechol and 4: 6-DinitroresorcinoL 

By Frank Charles Laxton, Edmund Brydges Btjdhall 
Prideattx, and William Howard Radeord. 


The investigation of the colorimetric dissociation constants of 
the nitroquinols (Prideaux and Nunn, J., 1924, 125, 2110) has 
now been extended to include 3 : 5-dinitrocatechol and 4 :6-dinitro- 
resoreinol. These compounds show fewer colour changes than 
the nitroquinols, and therefore give fewer colorimetric constants. 
Substantially the same methods of colour matching and deter¬ 
mination of ps. were used, viz (i) the drop method, with alkaline 
2 :4-dinitrophenol as standard for the amount of substance trans¬ 
formed, (ii) the drop method with completely transformed indicator 
as standard (loc, tit, p. 2113), (iii) the method in which, by the 
addition of N drops of indicator, the colour of the solution is made 
to match that of a combination of an alkaline solution of the dinitro- 


phenol containing x drops of the indicator and an acid solution 
containing N—x drops (he. cit .): 


Pi = V* + log {(N — x)jx}. 




* It was not determined if A 3 -earene was present in the dextro- 


rotatory form. 
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3 : 5-Dinitrocatechol. —This compound was obtained in yellow, 
hexagonal plates, m. p. 164°, by Nietzki and Moll’s method (Ber., 
1893, 26, 2183). 

Colorimetric Constants .—The colour changes were investigated 
by means of a British Drug Houses comparator and a set of solu¬ 
tions ranging in p K from 4*22 to 12*05. Each tube contained 
10 e.c. of buffer solution and 5 drops of an M /20-solution of the 
indicator. Dinitrocatechol was colourless in acid solutions. The 
full yellow colour occurred at pn 5*34 and was constant up to 
#h 7*6. The orange colour, obviously transitional, was not con¬ 
stant over any appreciable range of p K and so was not investigated. 
The complete reddish-brown stage occurred at p& 12*05 and was 
unchanged by the addition of Jf/S-alkali. In presence of very 
strong alkali (6#-potassium hydroxide), this indicator developed 
a purple colour. 

As dinitrocatechol, owing to its orange-yellow colour, could not 
be matched against dinitrophenol, p kl and p^ were determined by 
method (iii) ; the tube containing the acid solution, which was 
colourless, was omitted in each case. Pour tubes were prepared 
containing 10 c.c. of buffer solution of p K 3-1, 3*337, 3*674, and 
3*911, respectively. A match was obtained under the following 
conditions: 

Full yellow. 

of solution. (above 5-34) 3*1 3*337 3*674 3*911 

Drops of M72Q-D.N.C. a 8 18 14 11 10 

b 12 28 21 17 15 

j a 3*20 3*21 3*25 3*31 

\5 3*22 3*21 3*29 3*31 

Mean 3*21 3-21 3*27 3*31 Grand mean 3*25. 

The halfway change is obviously between Pm 3*1 and 3-337. 

Determination of p i# .— Halfway change. A yellow solution in 
which the first change was complete (p H 6-47), containing 5 drops 
of the indicator, placed behind a reddish-brown alkaline solution {p n 
above 12-05) containing 5 drops of the indicator, matched a solution 
of ps 10-39 containing 10 drops of indicator. 

^ — PM + log (N - x)/x = 10*39 + log 5/5 = 10*39. 

Quartertaay change . A yellow solution of p*. 6*47 containing 
9 drops of indicator placed behind an alkaline solution containing 
3 drops of indicator, matched a solution of p K 9*83 containing 
12 drops of indicator. 

Pi* = pu + log {N — x)/x = 9*83 + log 9/3 = 10*31. 

2-Nitroresorcinol .— This compound was made by Kauffmann 
and Pay’s method (Ber., 1904, 37, 725). 

Solutions were prepared as in the case of dinitrocatechol ranging 
MpM from 4*22 to 12*05, and tested with an M /20-aicoholie solution 
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of the nitroresorcinol. Even in acid solution the indicator showed 
a pure yellow colour, and therefore it was not possible to determine 
which must have been very low. 

The colour, the first darkening of which was noticed at pa 5-34 } 
became a full reddish-brown at p s 7-6 and faded to a pale dull brown 
at a higher p s - The colours in all cases were less intense than 
those given by dinitroeatechol in a solution of the same strength. 

Determination of p* 8 . —Halfway change to reddish-brown. An 
acid solution containing 8 drops of the indicator, placed behind the 
reddish-brown solution (p H 7*6) containing 8 drops of the indicator, 
matched a solution (p s 6-47) containing 16 drops of the indicator. 

Ph = Pk + log (N — x)/x = 6-47 -f log 8/8 = 6*47. 

Quarterway change. An acid solution containing 12 drops of 
the indicator, placed behind a reddish-brown solution (p H 7*6) 
containing 4 drops of the indicator, matched a solution (jp K 5*68) 
containing 16 drops of the indicator. 

Ph = Pk + log (A 7 — x)/x = 5*68 + log 12/4 = 6*16. 

Three-quarterway change. An acid solution containing 2 drops 
of the indicator, placed behind a reddish-brown solution (p K 7-6) con¬ 
taining 6 drops of the indicator, matched a solution (p K 6*87) 
containing 8 drops of the indicator. 

Pjc % = Pk + log {N — x)jx = 6*87 + log 2/6 = 6-3&. 

The mean value for p ki is 6-34; hence k 2 for the second change 
is 4-57 x 10‘ 7 . 

4 : 6 -Dinitroresorcinol. —This compound was obtained in yellow 
prisms, m. p. 214-5°, by Typke’s method (Ber., 1883, 16, 552). 
It is only sparingly soluble in water or alcohol. A saturated 
alcoholic solution was used containing 0*12 g. per 100 c.c. As in 
the former cases, a set of solutions was prepared of various p& 
values and tested with the indicator. 

Solutions of pa less than 3-1 were colourless; for higher values, 
the colour was yellow and deepened up to Pk 6*47; there was no 
further change after the full yellow colour had developed. 

The halfway change to the yellow was found as in the two previous 
cases : p kl = 4-22. 

The apparent strengths of the substances as deduced from their 
colorimetric constants (p kl ) are;. 2-nitroresorcinol, very low: 
2 : 5-dinitroquinol, 2-8; mononitroquinol, 3-25; 3 : 5-dinitrocate- 
chol, 3-25; 4 : 6-dimtroresorcinol, 4*22 , i.e. the strengths diminish 
in the order given. • 

Uniybrstty College, Nottingham. { Received , JtUy 
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CCCXLIV .—Symmetrical Substitution Derivatives of 
Trimethyl&ne Dibromide and Pentamethylene Di¬ 
bromide . 

By William Hobson Mills and Leslie Bains. 

Symmetrically substituted trimethylene or pentamethylene di¬ 
bromides of the types CH 2 Br'CB > R , *OH 2 Br and 
CHsBr-CHa'CRR'-Cttj-OHgBr 

(where R may be a hydrogen atom) would be of value for the 
synthesis of several compounds of stereochemical interest, but such 
dihalides have not hitherto been described. We have therefore 
undertaken the preparation of representatives of each class. 

The first compound of the kind which we investigated was 
$~phenyl- fi-rnethyltrimethylene dibromide [a,y-dibromo-$-ph&nyl~ £- 
methylpropane] (IV). 

Me^ 


The starting point for this preparation was hydratropaldehyde 
(II), which is readily obtained by the method of Darzens {Compt. 
rerid 1904, 139, 1214; compare Claisen, Ber., 1905, 38, 703) from 
acetophenone through ethyl (3-phenyl-£-methylglycidate (I). We 
found that, like other disubstituted acetaldehydes (Apel and 
Tollens, Ber*, 1894, 27, 1087; Just, Monatsh 1896, 17, 76; com¬ 
pare Heustadter, Anrudm , 1907, 351, 294), hydratropaldehyde 
reacts with formaldehyde and alkali to give a glycol. In this case, 
however, the reaction takes place with great readiness and, although 
potassium carbonate was used as a condensing agent instead of a 
caustic alkali, the glycol was obtained directly, and no trace of 
an aldol, which presumably forms an intermediate stage in the 
reaction, could be detected (compare Wessely, Monatsh., 1900, 21, 
216). The conversion of the glycol into the dibromide, however, 
presented considerable difficulty. It was finally effected through 
the prolonged action of hydrogen bromide on the glycol diacetaie 
(see Parkin and Simonson, J., 1905, 87, 855). 

Suspecting that this difficulty was connected with the presence 
in the molecule of two substituents, phenyl and methyl, on the 
same carbon atom prepared the simpler compound, $-phenyl- 


OH,Cl*CO,Et Phv^ Hydrolysis pi- 

NaOEt ^ Me >C ^7 CH C0 2 Et -^Me >CH CH0 

(L) (H.) 


t Me^NaH^OH 
(in.) 


l>°<§pr 
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trimethylene dibromide [ccy-dibromo- fi-phenylpropanej (VI), by the 
action of hydrogen bromide on the diacetate of the glycol (V), 

CHPluCHg ■ CH ‘° _> CHPh(CH 2 -OH) 2 —> CHPh(CH 2 Br) 2 

(v.) (VI.) 

which was prepared as described by Prins (. Proc . K. A kctd. Wetensch. 
Amsterdam , 1919, 22, 21) by the action of trioxymethylene, acetic 
acid, and sulphuric acid on styrene. This diacetate reacted with 
hydrogen bromide much more readily than that of phenylmethyl- 
trimethylene glycol, and under suitable conditions gave 70%, or 
more, of the theoretical yield of dibromide. 

A y-substituted pentamethylene dibromide could, we found, be 
obtained with comparative readiness from the di- (3-phenoxyethyl- 
acetic acid (VII) described by Bentley, Haworth, and Perkin (J., 

(Vn.) Ph0-CH 2 -CH 2 -CH(C0 2 H)*0H 2 -CH 2 -0Ph 

CH 2 Br*CH 2 *0H(C0 2 Et)*CH 2 *CH 2 Br (vm.) 

1896, 69, 169). The phenoxy-groups were replaced by bromine by 
heating with concentrated hydrobromic acid and the resulting 
dibromo-acid was converted into y-carbethoxypentamethylene di¬ 
bromide [ethyl az-dibromopentane-y-carboxylate] (Vlll) by treatment 
with alcoholic hydrogen bromide. 

This compound proved more reactive than the substituted 
trimethylene dibromides, and to investigate its applicability to 
syntheses we studied its behaviour towards piperidine. The two 
substances reacted smoothly, giving a compound which from its 
composition, method of formation and reactions could only be the 
spirocydic ammonium salt, Ycarbethoxybispiperidinium- 1: Y-spiran 
bromide (IX). The corresponding reaction between piperidine and 
pentamethylene dibromide was described by von Braun (Ber,, 
1906, 39, 4351). 




CILBr-CH, 


Br + C 5 H u N,HBr. 


It is proposed to make further applications of these compounds. 


EipesIM/EntaL. - 

$-Phenyl-$-mMhyl#Topane-ay-iidk (DI).—A mixture of hydratrop- 
aldehyde (55 g.), formalin (98 c^c. of 38% formalin diluted iptb 
80 c.c. of water), and potassiutm. carbonate (30 g.) was stirred 
vigorously at 100° for 13 ho ; urs. In ‘subsequent preparations 
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sufficient alcohol was added to give a homogeneous mixture when 
hot; this enabled the stirring to be dispensed with. Unchanged 
aldehyde and alcohol were removed by distillation with steam. 
The insoluble product left was taken up in boiling benzene, the 
benzene evaporated, and the residue distilled. The portion boiling 
at 180—210°/15 mm. was nearly pure glycol and solidified in fan¬ 
shaped clusters of silky* needles. Crystallised from benzene, the 
glycol forms needles, m. p. 88°, b. p. 184°/17 mm., having a bitter 
taste which develops tardily (Found: C, 72*1; H, 8*5. C 10 H u O 2 
requires C, 72-2; H, 8*5%). It is very soluble in alcohol, com¬ 
mercial ether, or chloroform. It is less soluble in anhydrous 
ether and is sparingly soluble in benzene. 

The diacetate, CPhMe(CH 2 *0*C0*CH 3 ) 2 , was prepared by gently 
boiling the glycol for 7 hours with acetic anhydride (2| parts) and 
anhydrous sodium acetate (1 part). The product was isolated by 
pouring into water, extracting with ether, and distilling under 
diminished pressure. It formed a colourless liquid, b. p. 179°/20 
mm. (Found: C, 67*1; H, 7*3. C 14 H 18 0 4 requires C, 67*2; H, 
7*3%): Yield 88—91% of the theoretical. 

ocy-Dibromo-$-p7ienyl-$-methylpropane (IV).—The diacetate was 
dissolved in glacial acetic acid saturated with hydrogen bromide 
at 0° (6 parts) and heated for 30 hours at 100°. After pouring 
into water, extracting with ether, washing with sodium carbonate, 
and removing the ether, a dark oil (150 g. from 200 g. of the di- 
acetate) was obtained. As examination of this after distillation 
in a vacuum showed that bromination was not nearly complete, 
the treatment with hydrogen bromide in acetic acid solution was 
repeated. The oil (65 g.) gave a product from which, by fractionally 
distilling three times, a fraction (20*5 g.) s b. p. 143—146°/12 mm., 
was obtained. This was the pure dibromide (Found: C, 41*4; 
H, 4*3; Br, 54*55. C^-^r requires 0, 41*1; H, 4*2; Br, 54*7%). 
It has a powerful geranium-like odour. 

oc-Srcmo^-h^ro3^^phmyl-^-mddhylpropam, 

ePgBr^CPhMe-CHs-OH. 

—A solution of the glycol (9 g.) in the min i mum of glacial acetic 
acid was saturated at 0° with hydrogen bromide during 3 hours 
and then heated at 100° white a slow stream of the gas was passed 
through it for 7 hours. AfW keeping over-night, the product 
was isolated by pouring into water, extracting with ether, and 
fractional distillation. Thefiracfaon b. p. 173°/15 mm. contained 
the percentage cl bromine refused for the bromohydrin (Found: 
Br, 34*6. Teqmres Be, ,34*9%). 

%-Chioro-y-hydr^-P^m^$metk^propa7ie, 



DERIVATIVES OE TRIMETHYLENE DIBROMIDE, ETC. 2505 

—The glycol (10 g.) was added to phosphorus pentachloride (26 g.), 
and the mixture kept at 80° for 2 hours. Water was then added, 
and the product isolated by distilling with steam, extracting the 
distillate with ether, and fractionation under diminished pressure. 
A colourless liquid (2*5 g.), b. p. 118—121°/15 mm., containing 
19-6% of chlorine was thus obtained. 

, Another method of preparation was also tried. The glycol 
(10 g.) was dissolved in pyridine • (9*6 g.), and thionyl chloride 
(15 g.) added during 20 minutes. After keeping over-night, the 
mixture was heated at 105° for 1| hours and the product was then 
isolated as in the foregoing experiment. A colourless liquid (2*8 g.), 
b. p. 122°/19 mm., containing 19*6% of cMorine was obtained. 
The products of the two experiments were united and by refrac¬ 
tionation a liquid which was regarded as the chlorohydrin was 
obtained, b. p. 117—118°/15 mm. (Found : Cl, 19*2. C^H.oOCl 
requires Cl, 19*3%). 

a -Bromo-y-acetoxy-b-phenyl- fi - methylpropane , 

7 CH 2 Br-CPhMe CH 2 -OAc. 

—The diacetate (30 g.) was dissolved in an equal volume of glacial 
acetic acid, and hydrogen bromide was led in at 90—95° for 10 hours 
after the mixture had become saturated. The product isolated by 
pouring into water, ether extraction, and distillation contained 
only 15% of bromine. The treatment with hydrogen bromide was 
therefore repeated and allowed to proceed for 19 hours. The 
product now distilled at 174—174-5°/18 mm. and was the pure 
bromoacetate (Found: C, 53-2; H, 5-7; Br, 29*5. C 12 H 15 0 2 Br 
requires C, 53*1; H, 5*6; Br, 29*5%), 

cty-Dibromo-$-phenylpropane (VI).—ay-Diacetoxy- p-phenylpro- 
pane (17*4 g.) (Prins, loc. cit.) was saturated with hydrogen bromide 
in the cold and then kept at 90° for 15 hours whilst a slow stream 
of the gas was led through. The product* which had absorbed 
rather more than the theoretical weight of the gas, was poured 
into water, and the dibromide isolated by extraction with ether and 
distillation. Practically the whole (14-4 g.) boiled at 152°/14 mm* 
and proved to be the pure dibromide (Found: C, 39*5; H, 3*6; 
Br, 57*4. C 9 H 10 Br 2 requires 0, 39*8; H, 3*6; Br, 57*5%). The 
compound has a strong geranium-like odour. 

Ethyl xz-Dibromopentane-y-mrboxylate (V3H).—Di-|3-phenoxy- 
ethylacetic acid (Bentley, Haworth, and Perkin, loc. cit.) (30 g.) 
was boiled for 10—12 hours with a mixture of constant-boiling 
hydrobromic acid (150 c.c.) and fuming hydrobromie acid (50 c.e.). 
The resulting mixture of di- £-bromoethylaeetic acid andphep^I, 
after separation from the hydrobromic acid by dilution with wato* 
and extraction with ether, was dissolved in alcohol, and the solution 
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saturated with hydrogen bromide (3 days) and then kept for a 
week. The product was isolated by addition of water, extraction 
with ether (the phenol being removed by shaking the ethereal 
solution with dilute aqueous sodium hydroxide) and distillation 
under diminished pressure. The dibromo-ester was a heavy oil with 
a garlic-like odour, b. p. 166—167°/19 mm, (Found: C, 32*3; 
H, 4*6; Br, 52*9. C 8 H 14 G 2 Br 2 requires C, 31*8; H, 4-7; Br, 
52*9%). / 

4:-Carbethoxybispiperidinium-l : V-spiran Picrate (formula corre¬ 
sponding with IX) .—Ethyl as-dibromopentane-y-carboxylate (17 g.) 
and piperidine (10*6 g.) were dissolved in alcohol (350 c.c.) and the 
mixture was boiled for 48 hours. After evaporation of the alcohol 
and digestion with ether, the residue was treated with an aqueous 
solution of potassium hydroxide (1 equiv.), and the piperidine set 
free was removed by extraction with ether. The water was then 
completely removed by evaporation under diminished pressure and 
the spiro ammonium bromide was separated horn the potassium 
bromide by extraction with anhydrous chloroform. Evaporation 
of the chloroform left it as a faintly yellow oil (12*3 g.), which 
rapidly solidified and could be recrystallised from alcohol and ether, 
but was exceedingly hygroscopic. The crude bromide (12*3 g.) 
was therefore converted into the picrate by treatment with a solu¬ 
tion of picric acid (9*2 g.) in a mixture of alcohol (100 c.c,) and 
water (160 c.c.}. The picrate, recrystallised from alcohol, formed 
large, golden-yellow, rhombic prisms (7 g.), m. p. 130° (Found: 
N, 12*1. 0 19 H 2 gO 9 N 4 requires 1ST, 12*3%). 

4z-Carboxybispiperidinium -1 : V-spiran Bromide .—The carbethoxy- 
group in the above compound (5*8 g.) was hydrolysed to carboxyl 
by boiling with dilute hydrobromic acid (250 c.c, of water and 
30 c.c. of constant-boiling acid) for 2J hours. The solution, filtered 
from the picric acid which crystallised on cooling, and freed from 
the remaining picric acid by extraction with ether, left the bromide 
: on evaporation as a yellow residue (3*5 g.). Recrystallised from 
glacial acetic acid (10 c.c.) and ether (1 c.c.), it formed hard, hemi¬ 
spherical clusters of small, monoclinic prisms, m, p. 289—290° 
(decomp.). It is very soluble in water and deliquescent (Found: 
C, 47*5 ; BE, 7*3; Br, 28*9; equiv., by titration with sodium hydr¬ 
oxide and phenolphthalein, 277. C 11 H 20 O 2 NBr requires C, 47*5 ; 
H v 7*25; Br, 28*8%; equiv., 278). 

The picrate, precipitated by the addition of an alcoholic solution 
of picadc amd (0-45 g.) to an aqueous solution of the bromide 
(0*55 g.), formed golden-yellow, hexagonal prisms (from alcohol), 
ioa. p. 169—176 p (Found: N, 13*2. requires N, 

13*1%). ■ 
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CCCXLV .—The Configuration of the Ammonium Ion . 

By William Hobson Mills and Ernest Henry Warren. 

Of the views which have been put forward respecting the spatial 
configuration of the ammonium salts, those deserving of more 
serious consideration assign to the four positive radicals attached 
to the nitrogen atom a disposition which is either tetrahedral or 
pyramidal, these being the only arrangements in which the valencies 
of the nitrogen atom linking these radicals can be represented as 
inter-equivalent. 


Fig. 1. Fig. 2. 



The suggestion of a tetrahedral distribution (Fig. 1) was first 
made, as is well known, by van 5 t Hoff (“ Ansichten fiber die org. 
Chemie,” 1878, p. 80), long before Pope and Peachey (J., 1899, 
75, 1127) opened the way to the experimental investigation of the 
stereochemistry of the ammonium salts. 

The pyramidal formula (Fig. 2) was proposed by Bischoff (Her., 
1890, 23, 1197). 

As long as nitrogen was regarded as being truly quinquevalent 
in the ammonium salts and the constitution of these compounds 
was considered to correspond with the symbol I the pyramidal 
formula appeared a priori at least as probable as the tetrahedral, 

R *R R 

(I.) | X r/ N \r 1X m 

R 

and a careful review of the then available evidence led ilk*.- 

1905, 87, 1782; Rep. Brit Assoc., 1904, 188; ' 
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Jones and Dunlop, J., 1912,101,1748) to the view that the pyramidal 
formula was the more in accordance with the experimental facts; 
this configuration of the ammonium salts is still represented as the 
most probable in some of the newer text-books of organic chemistry. 

At the present time, however, largely through the development 
of electronic theories of valency and the clearer insight which these 
have afforded into the relation between ionising and non-io nisin g 
lin k ings, there exists a general tendency to assign to the a mm onium 
salts a constitution (II) akin to that proposed by Werner (Z. angew. 
Chem 1906, 19, 1345). But if the ammonium salts are thus 
constituted, then, as Werner pointed out ( £C Stereochemie,” p. 311), 
the four positive radicals are, in all probability, tetrahe&rally 
disposed about the nitrogen atom. 

Whilst, therefore, on general grounds the tetrahedral configur¬ 
ation of the ammonium salts must at the present time be regarded 
as the most probable, no direct experimental evidence has hitherto 
been obtained which enables a definite decision to be made between 
this and the pyramidal configuration. The formation of the 
tertiary amine oxides, for example, and their molecular dissym¬ 
metry (when the three hydrocarbon radicals are different), which 
was demonstrated by Meisenheimer (iter., 1908, 41, 3966; Annalen , 
1911, 385, 117), can be represented by means of either formula. 

We have accordingly attempted to find some crucial experimental 
test which would decide between these two configurations. We 
have therefore prepared and examined the salts of a spirocyclic 
ammonium radical of the type HI. 



The readiness with which the formation of these spirocyclic com¬ 
pounds takes place shows that there can be little strain in the two 
rings. The relative positions of the four carbon atoms attached 
to the central nitrogen atom must therefore approximate closely 
to those of the corresponding atoms in the simpler quaternary 
ammonium salts like ietramethyl- or tetraethyl-ammonium chloride. 
On the pyramidal formula, therefore, the positive ion of such a 
salt would have the configuration shown in Fig. 3, whilst on the 
tetrahedral formula its configuration would he represented by 
Fig; 4, the rings being represented plane for simplicity. 

In Fig. 3 the four radicals RR'RR" lie in one vertical plane 
with thenitarogen atom, and this plane is clearly a plane of sym¬ 
metry of the molecule. If, therefore, the simple quaternary 
ammonium salts have the pyramidal configuration, a compound 
of the formula (EH) cannot show optical activity in solution. 
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If, however, the ion has the configuration represented in Fig. 4, 
it possesses no element of symmetry. It is non-superposable on 
its mirror image and the salts should be capable of resolution into 
optically active enantiomerides. Resolution of a salt of the type 
III into optically active components would therefore constitute a 
definite experimental proof that in the ammonium salts the four 
positive radicals are not arranged pyramidally about the nitrogen 
atom. 

The resolution of salts of a spirocyclic ammonium radical, tri- 
methylenetetrahydroi«soquinoliiiium, was attempted by Jones and 
Dunlop ( loc . cit.) with negative results. These salts are mole- 
cularly dissymmetric on the pyramidal but not on the tetrahedral 
theory of the configuration of the ammonium salts. 

Fig. 3. Fig. 4. 



The compound which we chose for examination was 4- phenyl - 
4 f -carbethoxybispiperidinium-l ; I'-spircm bromide (HI; R' = Ph, 
R" = C0 2 Et, X = Br), which we prepared by the interaction of 
4-phenylpiperidine (Bally, Ber., 1887, 20, 2590) with ethyl as-di- 
bromopentane-y-carboxylate (see Mills and Bains, preceding paper). 

On converting the pure spVoammonium bromide into the 
rf-a-bromocamphor-K-sulphonate, a mixture of diastereoisomerie 
salts was produced, by fractional crystallisation of which from 
acetone and ether and finally from acetone alone the optically pure 
&-s^h:oammonium d- brcmiommphorsidjphonate was obtained. It gave 
in aqueous solution a molecular rotation for the mercury green light 
which exceeded by nearly 50° that due to the bromocamphorsuh 
phonic ion. On removal of the latter by precipitating the sparid|^r 
soluble symoammonium iodide with aqueous sodium iodide a tfesirb- 
rotatory iodide was obtained and this was converted' 
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bromide into the more soluble spiro ammonium bromide , the mole¬ 
cular rotation, of which in aqueous solution was + 50*5°. 

The molecular rotation of the spiroammonium bromide in aqueous 
solution is thus of the magnitude indicated approximately by the 
molecular rotation of the d- bromocamphorsulphonate. 

The d-bromocamphorsulphonates left in the acetone-ether mother- 
liquors were converted into the l-brorriommphorsulplioriates (with the 
aid of Z-bromocamphorsulphomc acid prepared from Z-camphor 
kindly given to us by Sir William Pope) and by fractional crystal¬ 
lisation of these the 1-spiro ammonium l-bromocamphorsulphonate was 
obtained. This gave on conversion into the bromide the optically 
pure 1-spiro ammonium bromide showing a molecular rotation, 
WstQV 50-8°, which is thus, within the limits of experimental 
error, equal and opposite to that of the ^-bromide. 

These observations show definitely that this spiro&mmoimxm ion 
possesses molecular dissymmetry. It therefore cannot have the 
configuration represented in Fig. 3. An experimental proof is thus 
given that the four positive radicals in the ammonium salts are not 
arranged about the nitrogen atom as assumed in the pyramidal 
theory* 

The experimental evidence with regard to the configuration of 
the ammonium salts can now be stated briefly as follows : 

(1) Ammonium salts of the type (Na6ccZ)X can be resolved into 
optically active antipodes. The four radicals and the nitrogen atom 
in the ammonium ion therefore do not lie in one plane. 

(2) Ammonium salts of the type (N abcc)X. are non-resolvable . 
The ion (Nabec) 4 ' therefore possesses a plane of symmetry, which 
must obviously be the plane which passes through a, b } and N 
and the line joining the two remaining radicals c must be per¬ 
pendicular to this plane and bisected by it. 

(3) Isomerism , other than enantiomerism , dependent on the relative 
positions of substituent groups has never been observed in ammonium 

This indicates that the valencies by which the four radicals 
quaternary ammonium ion are attached to the nitrogen 
atom are inter-equivalent. The same conclusion is to be drawn 
from (2}, smee there can be no reason why the two radicals desig¬ 
nated m and b should always be attached by a particular pair of 
.Although this negative evidence has not the same 
,'evidence would have, the experimental work 
<m winchftreeteis very extensive, and the inter-equivalency of 
■ f|»naf; : \i>«S^^ iof nitrogen in the ammonium salts can be 

regarded as practically established. But this inter-equivaleuce of 
the valencies requires that they must be separated by equal angular 
intervals*' - ; ■' 
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The positions which can he occupied by the radicals c are thus 
limited to those shown in Kg. 5 and Kg. 6. In other words, the 
only configurations for the ammonium ion which accord with the 
foregoing observations are those in which the radicals have either 
a pyramidal* or a tetrahedral distribution about the nitrogen 
atom. 

(4) Spirocyclic ammonium salts of the type III are molecularly 
asymmetric. This excludes the pyramidal configuration. The 
conclusion must therefore be drawn that in the quaternary am¬ 
monium ion the four radicals are disposed teirahedraUy about the 
nitrogen atom, and that the configuration of the spirocyclic 
ammonium ion is that represented in Kg. 4. 

It must also be concluded that in the simple ammonium salts 
the four hydrogen atoms of the ammonium radical are similarly 
tetrahedrally distributed about the nitrogen atom. 


Kg. 5. Kg. 6. 



The view that the ammonium ion, NH 4 + , and the methane 
molecule, CH 4 , have corresponding configurations, the probability 
of which is evident on the electronic theory of molecular structure 
(since each complex is composed of a positive nucleus, four hydrogen 
nuclei, and ten electrons), is thus confirmed by experimental 
stereochemical evidence. 


Experimental. 

(IlA-PhenylA'-mrbethoxybupiperidinium- 1: V-spiran Bromide .— 
This compound was prepared by the condensation of ethyl 
di-p-bromoethylacetate (Mills and Bains, he. cit .) with 4-phenyl- 
piperidine (2 mols.) (Bally, loo . cit.) in boiling benzene solution. 
The preparation is greatly facilitated by the fact that the spiran 
bromide crystallises almost at once from the boiling solution, 
whilst the phenylpiperidine hydrobromide (although practically 
insoluble in boiling benzene) remains in supersaturated solution. 

♦ The pyramidal formula would, However, as Has long been recognised, 
render probable the existence of a never observed isomerism corresp<m®g 
with that of the platosammine and platosemidiammine chlorides ai^ ihkt 
of the isomeric dimethyltellurium iodides of Vernon 1920,127;; 
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The ester (4-8 g.) and the base (6 g.) were dissolved in benzene 
{200 c.c.) and the mixture was filtered hot after gently boiling 
for 6 hours. The crystalline product, recrystallised from alcohol 
and ether, gave small platelets, m. p. 276—277° (decomp.). Slow 
crystallisation from ethyl acetate containing a trace of alcohol 
gave fine needles of the same m. p. The salt is extremely soluble 
in water or alcohol, but is insoluble in ether or benzene, and also 
in ethyl acetate, chloroform, or acetone if these are free from 
alcohol (Found : C, 59-6; H, 7*4; N, 3-9; Br, 20*8. C 19 H 28 0 2 IS[Br 
requires C, 59*7; H, 7-3; N, 3*7; Br, 20*9%). 

dL-^-Phenyl-V-carbethoxybispiperidinium-l : V-spimn Iodide .— 
This salt is precipitated by the addition of saturated sodium iodide 
solution to a concentrated aqueous solution of the spiroammomum 
bromide. It is formed as an oil, which solidifies when scratched, 
and gives prismatic crystals, m. p. 209—210°, when crystallised 
from alcohol and ether. It is insoluble in ethyl acetate or chloro¬ 
form, and is practically insoluble in water. It dissolves in alcohol 
to the extent of 1*5% (Found: C, 52*8; H, 6*5; N, 3*0; I, 29*5. 
CioHggOgNI requires C, 53*1; H, 6-5; N, 3-25; 1,29*6%). 

dA-Phenyl-V-mrbeihoxybispiperidinium-l : V-spiran d-u-Bromo - 
it-mmpJiorsulphonaU .—An aqueous solution of the spiro&m monium 
bromide was treated with the equivalent quantity of silver bromo- 
camphorsulphonate. Evaporation under diminished pressure of 
the filtrate from the silver bromide gave a gummy residue, which 
was repeatedly crystallised from acetone and ether, and finally 
from acetone alone. The successive crops showed a progressive 
readiness to crystallise, a rising melting point, and an increasing 
specific rotation. The polarimetric values found for the crops 
obtained from the last three crystallisations in aqueous solution, 
using the mercury yellow and green light, were (c = 0*984—0-986) 
+ 55*9°, 55-7°, and 55*6°; [a]^ + 64-5°, 64-7°, 64-5°. They 
were therefore regarded as being optically pure. The compound 
forms delicate, silky needles attaining a length of 2 cm. or so, 
m. p. 210—212° with softening at 195° (Found: Br, 13*1. 
C^H^OglSfBrS requires Br, 13*0%). 

Further polarimetric values found for the last crop in aqueous 
solution were (c = 1-864, 1-855) [a] 1 ^ + 55-2°, 55-3°; [«]& + 
64*6°, 64-75°. 

The means of all these values give for the molecular rotations 
of the salt in aqueous solution (c = 1—2) [Jf]^ + 339°, [Jf]^ + 
395-5°. Subtracting the corresponding values for the bromo- 
camphorsulphonic ion, + 295°, 346*5°, we obtain 

[AfJsrao + 44°, + 49° as the molecular rotations of the spifo- 

ammonium ion. These values agree, within the limits of experi- 
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mental error (seeing that they result from the difference of three 
figure numbers), with those found by direct observation on the 
bromide (see below), [AT& + 44*9°, [Jf]g£i + 50-5°. 

dA-PhenylA'-carbethoxybispiperidinium-l: Y-spiran Iodide. —A 
saturated solution of sodium iodide was added gradually to an 
aqueous solution of the d-spiro&mm onium d-bromocamphorsul- 
phonate, stirred so that the precipitate was obtained crystalline. 
Crystallised from alcohol and ether, it formed granular crystals, 
m. p. 222—223°. It thus melts 13° higher than the racemic salt 
(Found : C, 53-25; H, 64; I, 29-6. C 19 E^ 8 0 2 OT requires C, 53-1; 
H, 6-5; 1,29-6%). „ 

The following polarimetric observations were made on the 
alcoholic solution: 

Z = 4; c= 1-562; c& +0*556°; ^+0-608°; 
whence [ag„ + 8*9°; [a& + 9-7°. 

dA-Plienyl-Y-carbeihoxybispiperidinium-l : Y-spiran Bromide .— 
The d-iodide was treated in hot water with silver bromide, and 
the filtrate evaporated under diminished pressure. The dried 
residue, crystallised from a mixture of ethyl alcohol, ethyl acetate, 
and a little ether, gave the pure bromide as needles, m. p. 274—275° 
(decomp.) (Found: Br, 20-6. Calc., Br, 20-9%). The compound 
gave the following values in aqueous solution : 

Z = 4; c = 2-122; * + 1-00°; «& +1-125°; 
whence [a£+, 11-76°; [oc]^ + 13-23°; [JTR + 44*9°; [« 
50-5°. 

lA-PhenylA'-carbethoxybispiperidinium-l: Y-spiran l-Bromoeam- 
phorsulphonate .—The mother-liquors containing the spirosLmmon- 
ium d-bromocamphorsulphonate were evaporated to dryness and 
the gummy residue was converted into the iodide by means of 
aqueous sodium iodide solution. The iodide thus obtained was 
deeply coloured with periodide, but was obtained colourless after 
three or four recrystallisations. 

The iodide was treated with its equivalent of silver Z-bromo- 
camphorsulphonate in hot aqueous alcoholic solution, and the 
filtrate evaporated to dryness under diminished pressure. The 
gummy mass was dissolved in warm acetone and, after the addition 
of a little ether, was allowed to stand for a day or so to crystallise. 
Crystallisation took place more readily and with better yield than 
in the original preparation of the d-spiroammonium d-bromocam- 
phorsulphonate, owing presumably to the previous removal of some 
of the d-enantiomorph. 

After four or five recrystallisations the salt gave the 
specific rotations in aqueous solution : 

[ a 3s78o—54-2°, [oc]^ —64-1°. 
vol. cxxvn. .: ■ 
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After a further recrystallisation the values obtained were : 

[«]5£o - 54-25°, .[«]& -64-1°. 

The melting point was 210—212° with softening at 195°. 

As the rotation was not altered by further crystallisation, this 
last crop was employed for preparation of the Z-iodide. 

lA-PJienylA'-carbethoxybispiperidinium-I : V-spiran Iodide .-—The 
Z-gffiroaramomum Z-bromoeamphorsulphonate was converted into 
the iodide by the same method as was used in the cZ-series. The 
melting point was the same as that of the cZ~iodide, 222—223°. 
A mixture of the d- and Z-iodides in equal proportions melted at 
practically the same temperature as the dZ-iodide, 209—211° (Found : 
I, 29*6. Calc., I, 29*6%). The specific rotations in ethyl-alcoholic 
solution were in good agreement with those found for the d-salt: 

Z = 4= 0*589 ; - 0*200°; - 0*233°; 

whence [a]^o — 8*5°; [a]^x — 9*9°. 

lA-PhenylA'-carbethoxybispiperidinium-l : V-spiran Bromide .— 
The Z-iodide was converted into the Z-bromide by the same method 
as was used in the eZ-series. The following polarimetrie observ¬ 
ations were made on the salt in aqueous solution : 

Z = 4; c = 2*02; o*~0*95°; 1*075°; «&-l-81°; 

whence [* - 11*75°; [«]& - 13*3°; [a]^ - 22*4°; 
and IMJ& — 44*9°; [JfJKi - 50-8°; [JfR - 85*5°. 

The molecular rotations found for the enantiomorphous bromides 
in aqueous solution are thus for the mercury yellow light + 44*9° 
and — 44*9°, and for the mercury green + 50*5° and — 50*8°. 
This concordance confirms the view that the resolution was 
complete. 

We desire to express our thanks to the Department of Scientific 
and industrial Research for a maintenance grant to one of us 
(E. H. W.) which enabled him to take part in this work. 

Uniyebsity Chemical Laboratory, 

Cambridge. [Received, September 10th, 1925.] 


CCGXLVI .—The Correlation of Absorption Spectra 
with Ionisation in Violuric Acid. 

By Richard Alas Morton and Arthur Harold Tipping. 

Violuric acid is faintly yellow in the crystalline state and pink in 
jftpieous solution. The correspondence between concentration of 


observations has now been accurately confirmed by the quantitative 
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methods of sector-photometry and absorption spectroscopy. Solu¬ 
tions of the acid in the purest conductivity water containing small 
quantities of hydrochloric acid were examined speetrographically, 
and their p K values determined by means of the quinhydrone 
electrode. 


Solution. 

Table I. 

Mol. cone, of Mol. cone, 

violuric acid. of Hd. 

Ps. at 18°. 

& 

0*01 

nil 

3*36 

b 

0*0099 

0*0001 

3*32 

c 

0*0095 

0*0005 

3*194 

d 

0-0090 

0-0010 

3*03 


From the p K value for 0-01if-violuric acid the dissociation constant 
at 18° is found : 

= [H + ][Vi"]/[HVi] = - Idr*™) = 1-992 xlO" 5 . 

From this constant the concentrations of violurate ion in the solu¬ 
tions b, c, and d may be calculated. 

Table II. 

d. Log (/ 0 /J). « max, (for ion). 

30 .cm. 0*8 61*09 

„ 0*7 59*07 

„ 0*55 64*33 

„ 0*325 67*37 

Mean 60*46 

In the equation log (7 0 //) = ecd, I 0 fl is the ratio of the intensities 
of the incident and the emergent light* c is the concentration 
of the absorbing solute in gram-ions per litre, and d is the thickness 
of the absorbing layer; e is then the molecular extinction coefficient. 
In photographing the absorption spectrum, the value of log I 0 /Z was 
increased for successive exposures. The values recorded in Table 
II are the highest for which definite match points could be seen; 
the accuracy was about 1 in 15. Within the limits of error, there¬ 
fore, the colour intensity is proportional to the concentration of 
violurate ion. 

Addition of alkali caused an increase in the absorptive power of 
the solute. 

Table III. 

Mol. cone, of Cone, of 

violuric acid. alkali. Log (Zq/I). <2, cm. 

0*0066 0 0033 1*6 8 

0*0025 0*0025 1-17 8 

0*01 0*0008 1*1 30 V, 

• or 0-29 8 

. - - — ' ; ' : ; . 

The alkali violurate is almost completely dissociated in sotai&aiu 

If the observed increase in intensity of colour is due to 


Solution. Cone, of Yi ion. 
a 0*0004365 

b 0*000395 

e » 0*000285 

d 0*000188 
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concentration of violurate ion, ^-measurements should indicate a 
molecular extinction coefficient of about 60. In the case of 0*0025JfcF- 
sodium violurate, p K = 8*41, the ionic concentration is 0*0025, and 
e (max.) is 58*5. Similarly, for the 0*0066Jf-violuric acid solution, 
which is 0*0033Jf with respect to alkali, p n = 4*82 and e (max.) 
is 53. 

These results do not differ very much. It seemed likely that the 
addition of sodium chloride, which Would repress the ionisation, 
would lead to interesting results. Photographs of the absorption 

Fig. 1. 



— I. Violuric acid in water* 

— H. 0*OOG9M-agueoua violuric acid and 0*0Q2M ‘potassium hydroxide. 
—~ IH. Violuric acid in alcohol. 

.... . IV. Violuric acid M/1000, potassium hydroxide M/2000. 


spectra of solutions of sodium violurate containing excess of sodium 
chloride were therefore taken, compensating cells containing the 
same concentration of sodium chloride being used to counterbalance 
any loss of transmissive power due to this salt. 

Table IV. 

Mol. cone, of sodium violorate ......... 0*0033 0-0025 0-0017 

Moi. cone, of sodium chloride .... 6*24 4-16 2-08 

e (max.) .... 56*25 55-0 54-75 

The absorptive power of undissoeiated sodium violurate is therefore 
of the order e = 55. The head of the absorption band is near 538 
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The spectrum of violuric acid has been examined in the ultra¬ 
violet region also. For the aqueous solution, two bands were 
found, one at X (max.) = 3120 A. and e (max.) 3000 and the other 
at 2490 A. and e (max.) 10,300. A solution 0*0009 M with respect 
to violuric acid and 0-002AT with respect to potassium hydroxide 
would certainly consist of hydroxide and completely dissociated 
potassium violurate. This solution shows one absorption band, 
X (max.) = 3130 A., e (max.) 13,300. 

It is striking that, for an aqueous solution in which the acid is 
incompletely dissociated, two bands are obtained whose extinctions 
are together equal to 13,300. The band at 3130 A. is common both 
to the acid and to the alkaline solution and may therefore be 
ascribed to the ion. If, then, the other band is due to the undis¬ 
sociated acid, an alcoholic solution of violuric acid should show 
only this band. Actually, one band is observed, X (max.) = 
2516 A., e (max.) = 13,400, and the extinction is the same as that 
of the dilute alkaline solution. There can be no doubt, therefore, 
that the bands at 250 and 312 are due respectively to the undis¬ 
sociated acid and the ion. The graph shows that an intermediate 
stage was found, as was to be expected. 

We wish to express our gratitude to Dr. J. W. Corran for assistance 
with the quinhydrone electrode and to Professor E. C. C. Baly, 
O.B.E., E.R.S., for suggesting the investigation. One of us (A. H. T.) 
is indebted to the Advisory Council of the Department of Scientific 
and Industrial Research for a maintenance grant. 

The Univebsity, Liverpool. [Received, July 9th, 1925.] 


CCCXLVIL —The Parachor and Chemical Constitution. 
Part III. Orientation Isomerism in Aromatic 

Compounds. 

By Samuel Sugden and Henry Welkins. 

It has been shown in previous papers that in two classes of isomeric 
substances, namely, metameric esters (Sugden, J., 1924, 125 , 
1185) and geometrical isomerides (Sugden and Whittaker, this 
vol., p. 1868), differences in constitution produce little or no change 
in the value of the parachor. The isomerism of these substances 
involves only a rearrangement of groups and linkings which does 
not alter the degree of unsaturation of the compound. : 

In the present paper, data are presented for a number ©f ^g&h- 
stituted benzene derivatives. These are of interest, sance;M r^cqay • 
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cases, e.g. y the chloro- and bromo-nitrobenzenes, the isomerides 
differ markedly in the reactivity of the halogen atom. Further, 
it has been shown previously (Sugden, loo. tit.) that the data of 
Turner and Merry (J., 1910, 97, 2075) give, for m-toluonitrile, a 
much lower parachor than is found for the o- and p-isomerides. 
We have therefore determined the surface tension and density of 
a number of orientation isomerides of this type, and the parachors 
calculated from the data thus obtained are collected in Table I. 

The constants for the xylenes are derived from the measure¬ 
ments of Sehiff (Annalm, 1884, 223, 47), those for ^-nitrotoluene 
and jp-ehloronitrobenzene from the observations of Sugden (J., 
1924, 125, 1167), and the remainder from new measurements, 
details of which are given in the experimental portion of this paper. 

Table I. 


Ortho. Meta. Para, Calc. 

Xylenes 283-3 283-8 283*8 285-1 

Nitrotoluenes . 301-1 300-6 302*8 303*1 

Gfaloronitrobeiizenes.. 299-9 298-9 300*0 301*2 

Bromomtrohenzenes . 312-9 313*5 313-5 315-0 

Toluonitriles ..............—.. 290-6 295-6 294-4 292-9 


It will be seen from the table that, within the limits of experi¬ 
mental error (about ± 2 units), there is no appreciable difference 
between the parachors of ortho-, meta-, and para-isomerides, but 
that all the substances studied give constants in good agreement 
with the theoretical values tabulated in the last column. We 
have failed to confirm the lower value for m-toluonitrile obtained 
from Turner and Merry’s data, and find that this substance behaves 
normally. 

It has been assumed in previous papers on the parachor that 
benzene and its derivatives have the Kekule formula (I), for which 
the structural constant to be added to the sum of the atomic con¬ 
stants to obtain the calculated value of the parachor would be 


/\ 

w 0 

75-7. 


.C . 

h:c'* **c:h 
••• 

h:c. .c:h 
•c* 


(n.) 


H 

75-7. 



70-4. 


75-7 units. The symmetrical electronic structure (II) should give 
the same constant, since it represents an equal degree of unsatura¬ 
tion, but the Dewar formula (HI) should give a smaller constant 
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704.* The good agreement between the observed and the cal¬ 
culated parachors shows that the Kekule formula or formula II 
will serve to reproduce the experimental figures. It is interesting 
to note, however, that in all cases but two the observed parachor 
is lower than the theoretical figure. This is not inconsistent with 
the theory of Ingold (J., 1922, 121, 1123) that benzene and its 
derivatives are equilibrium mixtures of tautomerides, one of which 
possesses the bridged structure (IH). 

It is evident from the data for the chloro- and bromo-nitro- 
benzenes that the reactivity of the halogen atom in the ortho- and 
para-compounds and its inertness in the meta-compound are not 
due to differences in the molecular volume, for the three isomerides 
have almost exactly the same parachor. This result was not 
unexpected, since it has been found in other cases (this vol., p. 1868) 
that isomerides possessing the same degree of unsaturation show 
no differences in their parachor. The structural constants which 
have to be added to the sum of the atomic constants in calculating 
the parachor appear to depend chiefly on the degree of unsatur¬ 
ation, i.e., on the crowding of electronic orbits, and if the reactivity 
of the halogen atoms is explained by the concentration of electrons 
about alternate carbon atoms the effect of the sparseness of dis¬ 
tribution about the other three carbon atoms would act in the 
opposite direction, so that the total effect on the parachor would 
be very small. 

The good agreement between the observed and the calculated 
values for the three toluonitriies gives further evidence for the 
view expressed in a previous paper (Sugden, loc. cit., p. 1186 f) 
that the triple bond in the CN group has the same effect on the 
parachor as that in acetylene derivatives. There is no need, 
therefore, to assume that this radical has the special structure, 
suggested by Langmuir (J. Amer. Ghem. Soc. 9 1919, 41, 905), of 
two nuclei within a single octet. 

ExOKIMINTAIi. 

In the course of this work new measurements have been made 
of the surface tension and density of ten disubstituted benzene 
derivatives over a range of temperatures. Surface tensions were 
determined by the method of maximum bubble pressure (Sugden, 
J., 1922,121, 858; 1924,125, 27). The constants for the bubblers 
used are: Apparatus 4d, 5a, 5b; r 2 0-139, 0-140, 0-140 cm., 

* This figure is obtained by adding the constants for two double bonds 
and two four-membered rings. 

f On this page, in the second line below the table, for “hydrogen** read 
“ nitrogen.” 
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respectively; A 0*007767, 0-006805, 0*009655, respectively. 
Densities were determined by the U-shaped pyknometer described 
previously (J., 1924, 125, 1171) and are given in g./c.c. All tem¬ 
peratures quoted are corrected by comparison with a standard 
thermometer with ail IST.P.L. certificate and are corrected for 
exposed stem. 

The tables below are set out in the same manner as those in 
previous papers of this series and do not need further description. 
The parachor in the last column is calculated by the formula 

[P] = - d) y 

where y is the surface tension, M the molecular weight, P the 
density of the liquid, and d the density of the vapour. For the 
substances studied in the present paper, d is very small and has 
been neglected. 

o -Nitrotohiene was fractionated; the portion used boiled at 
219—219*5° (corr.)/762 mm. Densities determined: P^' 5 * 1*162, 


D? 1146, 

DT' 

1*126, Df 1 

*103, whence P£ = 

1*180 — 

0-00098 1. 

App. 

u 

P. 

D. 

<?>* 

7* 

Parachor. 

4d 

19*5° 

5266 

1*161 

1-0207 

41*76 

300*1 


44-5 

4873 

1*136 

1*0220 

38*69 

300*9 

99 

62*5 

4627 

1*119 

1*0228 

36*76 

301*6 

99 

79*0 

4363 

1*102 

1*0238 

34*70 

301*9 






Mean 301*1 


m-Nitrotoluene was purified by repeated freezing; the specimen 
used melted at 16° (corr.}. Densities determined: P?* 1*161, 


B*r 1-145, 

pjr 

1-124, P? 

1 * 101 , nr 

1-063, whence D? 

= 1*180 - 

0-00095 1. 

App. 

u 

P. 

D. 

?* 

7* 

Paraehor. 

5a 

20° 

5971 

1*161 

1*018 

41*36 

299*4 

*f 

42 

5586 

1*140 

1*019 

38*73 

300*0 

Tf 

64 

5240 

1*119 

1*020 

36*37 

300*9 


91 

4811 

1*094 

1*0215 

33*45 

301*3 

99 

116 

4385 

1*070 

1*023 

30*53 

301*2 

Mean 300*6 

o-CJdoronitrobenzene was recrystallised from ligroin. The speci- 


men used melted sharply at 33° (corr.). Densities determined: 
PJT 1*348, DT' 1'320, PT # 1-297, 1-276, whence Df = 

1*398 — 0*00110 1. 


App. 

i . 

P. 

P. 


7* 

Parachor. 

4d 

50*5° 

5318 

1*342 

1*0238 

42*29 

299*2 


70*5 

4999 

1*320 

1*0249 

39*80 

299*7 

39 

91*5 

4669 

1*297 

1*0262 

37*23 

299*9 

99 

121 

4263 

1-265 

1*0279 

34*04 300*8 

Mean 299*9 
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m -Chloronitrobenzene was recrystallised from absolute alcohol 
and melted sharply at 46° (corr,). Densities determined: Df 
1*343, Df 1*336, DJT 1*314, Df 1*304, Df 1*296, Df 1*257, 
whence Df = 1*398 — 0*00111 L 


App. 

t . 

P. 

Z>. 

0* 

r* 

Parachor. 

4d 

60-5° 

5255 

1*331 

1*0238 

41*79 

300*9 

J> 

74-5 

4867 

1*315 

1*0255 

38*76 

298*9 

sit 

90*5 

4546 

1*298 

1*0269 

36*27 

297*8 

» 

129 

3974 

1*255 

1*0297 

31-77 298-0 

Mean 298-9 


o-Bromonitrobenzene was recrystallised from absolute alcohol; 
the specimen used melted at 39° (corr.). Densities determined: 


DJI'" 1-664, Df 
1-735 — 0-00133 t. 

1*650, 

Df 1-635, 

Df 1*622 

, whence Df. = 

App. 

u 

P. 

D . 

4>* 

7* 

Parachor. 

5b 

55*5° 

5436 

1*661 

1*0287 

43*44 

312*2 

99 

67*5 

5267 

1*645 

1*0294 

42*12 

312*8 

99 

80 

5068 

1*629 

1*0302 

40*56 

313*0 

99 

94*5 

4863 

1*609 

1*0311 

38*94 313*7 

Mean 312*9 


m-Bromonitrobenzene was recrystallised from absolute alcohol 
and melted sharply at 55*5° (corr.). Densities determined: BfS 
1*651, Df 5 ’ 1*636, Df 1*621, Df 1*612, whence Df = 1*728- 


0-00130 1. 

App. 

u 

P. 

D . 

<P- 

7* 

Parachor. 

4d 

63° 

5310 

1*646 

1*0292 

42*45 

313-3 

99 

71*5 

5172 

1*635 

1*0297 

41-36 

313*3 

99 

83 

5010 

b62Q 

1*0304 

40*10 

313*9 

99 

91 

4863 

1*610 

1*0311 

38*94 

313-5 






Mean 313*5 


p- Bromonitrobenzene was recrystallised from absolute alcohol 
and melted sharply at 127° (corr.). Densities determined: Df * 1*563, 
Dp* 1*552, Df ’ 1*536, Df 1*523, whence Df. = 1*736 - 0*00130 1 


App. 

t. 

P. 

D. 


7- 

Parachor. 

4d 

132° 

4304 

1*564 

1*0342 

34-58 

313-3 

99 

145 

4119 

1*547 

1*0353 

33*12 

313-3 

99 

159*5 

3947 

1*529 

1*0364 

31-78 

313-7 

99 

170 

3800 

1-515 

1*0375 

30*63 

313-7 


Mean 313*5 


o -Toluonitrile was redistilled four times; the fraction used 
boiled at 205—205*5° (corr.)/759 mm. Densities determined ; Df 
0*993, Df 0*976, Df 0*965, Df 0*948, whenceDf = 1*017 — 0*00072 L 


App. 

u 

P. 

D. 

4>. 

7* 

Parachor. 

4d 

51° 

4467 

0-980 

1*0207 

35*34 

291-4 

t ip 

69 

4200 

0-967 

1*0217 

33-33 

291-0 * 


90 

3897 

0-952 

1*0230 

30*96 

. ;. 


um 

3570 

0-933 

1-0246 

28-41 



Mean 290*6 
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m-Toluonitrile was redistilled; the fraction used boiled at 213° 
(corr.)/759 mm. Densities determined: Bp 5 ' 0*987, D$' 6 ° 0*969, 
Bp 5 ' 0*953, Bp 5 ' 0*936, whence D? = 1*003 - 0*00082 t. 


App. 

t . 

P. 

D. 

4>* 

7* 

Parachor. 

4d 

18*5° 

4827 

0*988 

1*0193 

38*20 

294*7 

99 

47 

4435 

0*964 

1*0205 

35*16 

295*8 

97 

64*5 

4177 

0*950 

1*0214 

31*14 

295*8 

99 

86*5 

3889 

0*932 

1*0225 

30*88 296*2 

Mean 295*6 


The purity of this specimen was further tested by hydrolysing 
it to the corresponding acid with caustic potash. The crude 
product, obtained in 95% yield, melted at 105° and, after one 
recrystallisation, sharply at 112° (eorr.) and was therefore pure 
r/2-toIuic acid. Turner and Merry (loc. cit.) give densities for this 
substance which lead to the formula D# = 1*048 — 0*00080 L 
These densities are much higher than those found by the authors 
and also much higher than the values found by Turner and Merry 
for the ortho- and para-isomerides. It seems probable that the 
specimen used by these workers was not sufficiently pure. 

-p-Toluonitrite was recrystallised from absolute alcohol and 
melted sharply at 29° (corr.). Densities determined: Bp 0*971, 
Bp 0*955, Bf 0*945, Bp 5 ' 0*931, whence Z>£ = 1*004 - 0*00078 1. 


App. 

t. 

P. 

IX 

<t >* 

7* 

Parachor. 

4d 

51*5° 

4328 

0*964 

1*0210 

34*32 

294*1 

}> 

67*5 

4116 

0*951 

1*0217 

32*67 

294*4 

» 

82*5 

3909 

0*939 

1*0226 

31*05 

294*3 

» 

96 

3754 

0*929 

1*0233 

29*84 294*7 

Mean 294*4 


One of us (8. S.) is indebted to the Research Fund Committee 
of the Chemical Society for a grant which has partly defrayed the 
expense of this investigation. 

Birkbeok College (University op London), 

Better Lane, E.C. 4. [Received, September VUh 9 1925.] 


CCCXLVHL —The Conversion of i-Phenyl-a-naphthyl- 
glycollic Acid into Ketones . 

By Alex. McKenzie and Ha r old James Tattersall. 

Since phenyl-a-naphthylglycollie acid was required for several 
purposes, a convenient method for its preparation is described in 
the present paper. 

The dehydration of a-naphthylhydrobenzoin with cold concen¬ 
trated sulphuric acid led to the formation of the compound obtained 
by the deamination of p-hydroxy-a^-diphenyl-p-naphthylethylamine 
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(McKenzie and Roger, J., 1924, 125, 844). This compound was 
subsequently shown to be diphenylaeetonaphthone, but it was not 
the sole product of the dehydration in question, since the isomeric 
a-naphthyldeoxybenzoin also was isolated from the oil from which 
the naphthone had been partly separated. Some difficulty was 
experienced in separating the two isomerides in a state of purity, 
because they melt at practically the same temperature. The action 
of hot dilute sulphuric acid, when applied for the dehydration of 
cc-naphthylhydrobenzoin, pursued a somewhat different course from 
that of the concentrated acid, inasmuch as three distinct isomerides, 
namely, naphthyldeoxybenzoin, diphenylnaphthylacetaldehyde and 
diphenylnaphthylethylene oxide, were shown to be present (McKen¬ 
zie and Dennler, J., 1924,125, 2105). Meanwhile, the dehydration 
of a-naphthylhydrobenzoin was also under investigation by Tiffeneau 
and Orekhov ( Compt. rend., 1924, 178, 1619), who isolated 
a-naphthyldeoxybenzoin by the use of concentrated sulphuric acid. 
Professor Tiffeneau kindly provided us with a specimen of his 
compound, and we were able to prove, by means of determinations 
of the melting point of the mixture and by the colour reaction with 
concentrated sulphuric acid, that it was identical with the a-naphthyl¬ 
deoxybenzoin prepared in this laboratory. We have now prepared 
this ketone by a method which does not depend on a semipinaeolinio 
transformation, and it is anticipated that the data which have been 
accumulated may in due course be of service in the field of 
optical activity. 

A novel application of Grignard reagents was described by 
McKenzie and Boyle (J., 1921, 119, 1131), who showed that the 
interaction of diphenylchloroacetyl chloride and magnesium phenyl 
bromide pursued an abnormal course. Neither p-benzopinacolin 
nor pentaphenylethanol was obtained, the product being phenyl- 
deoxybenzoin (compare McKenzie and Roger, loc. tit., p. 849). 
Phenyl-a-naphthylglycollic acid was accordingly converted by means 
of phosphorus pentachloride into phenyl- a-naphthylchloroacetyl 
chloride, which was then acted on by an excess of magnesium phenyl 
bromide. a-Naphthyldeoxybenzoin was thus obtained, and its 
formation may be attributed to the following changes : 


C^> C <COCl + 2M g phBr = <2jIj> C:C0 + ph - ph + 2MgClBr, 
<?jgs> c:c ° + MgPhBr = 

C^>C0<°“8 Ei + H.0 - c ^*>c:c<°“ + MsKgp. | 
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It is here assumed that the initial phase consists in the production 
of phenyl-a-naphthylketen. Now, Wilsmore and DeaMn (J., 1905, 
97,1968) have shown that acetone can be obtained from keten and 
magnesium methyl iodide, and the isolation of phenyldeoxybenzoin 
(designated at the time as triphenylvinyl alcohol) from diphenyl- 
keten and magnesium phenyl bromide (Staudinger, Annalen, 1907, 
356, 70) renders it probable that this application of Grignard 
reagents on ketens is applicable generally. 

In the above scheme the final phase involves the desmotropy of 
a substituted vinyl alcohol. Although the introduction of aromatic 
groups into vinyl alcohol tends to make the configuration of the 
substituted compound much more stable than that of vinyl alcohol 
itself, as is shown by the isolation of phenyldiphenylenevinyl alcohol 
by Kurt Meyer and Gottlieb-Billroth (Ber., 1921, 54, 575), we have 
not observed that naphthyldeoxybenzoin exhibits any tendency 
to enolisation. It is not soluble in aqueous alkali, it gives no 
coloration with ferric chloride, nor does it decolorise an alcoholic 
solution of bromine. Moreover, it behaves as a typical ketone when 
acted on by magnesium methyl iodide, and its disruption with 
alcoholic potash is also in accordance with the ketonic structure. 

Ketones were also isolated when phenyl-a-naphthylchloroacetyl 
chloride was acted on in a similar maimer by the Grignard reagents 
prepared from methyl iodide, a-hromonaphthalene, and p-bromo- 
toluene, respectively. Those substances displayed no enolic 
reactions; they did not decolorise an alcoholic solution of bromine, 
and they were sparingly soluble both in cold and in hot N-caustic 
soda. In accordance with the assumption that ketens are produced 
initially, it was noted that the solutions became coloured during 
the action of the aeid chloride with the Grignard reagents, and the 
crude products after the decomposition of the magnesium complexes 
were resinous in appearance, possibly due to the presence of 
polymerised ketens. 

Phenyl-a-mphthylglyeollic acid was reduced by hydriodic acid 
and phosphorus to phenyl-a-naphthylacetic acid, and it was expected 
that a-naphthyldeoxybenzoin would result from the application 
of the Friedel and Grafts reaction on phenyl- a-naphthylacetyl 
chloride, thus; C 10 H/CBPh-COa -> C 10 H 7 -CHPh*COPh. We 
were unable to obtain any evidence that the action took this 
course, and this was all the more surprising, since diphenylacetyi 
chloride behaves in the usual manner, giving phenyldeoxybenzoin 
with benzene and aluminium chloride (Klingemann, AnTialen, 
1893, 275, 83), and diphenylacetonaphthone with naphthalene and 
aluminium chloride (McKenzie and Dennler, be. tit.). One of the 
products was a compound melting at 115*5—116*5°, and its analysis 
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showed that the reaction had proceeded in a manner altogether 
unexpected, inasmuch as one molecular proportion of hydrogen 
chloride was eliminated from the acid chloride. Now, according to 
Boeseken (Proc. K. Akad. Wetensch. Amsterdam, 1909, 12, 417; 
Bee. trav. chim 1913, 32, 1; compare also Wieland and Bettag, 
Ber 1922, 55, 2246), the initial attack of the aluminium chloride 
during a Friedel and Crafts reaction is not on the hydrocarbon but 
on the acid chloride. In the case we have studied, it is not unlikely 
that an additive compound of the acetyl chloride and aluminium 
chloride was formed, in which compound both the hydrogen 
(attached to the asymmetric carbon atom) and the chlorine of the 
-COC1 group may be more mobile than in the acid chloride itself. 
We have not investigated the product fully, but it does not exhibit 
the properties of a keten, although its analysis accords with that of 
phenyl-a-naphthylketen. 

Experimental. 

r-Phenyl-<x-naphtJiylglycollic Acid. —Beckmann and Paul (Annalen, 
1891, 266, 1) obtained this acid by acting on the sodium derivative 
of phenyl a-naphthyl ketone with carbon dioxide, and one of us 
(J., 1906, 89, 365), in the course of work on asymmetric synthesis, 
obtained the acid from magnesium a-naphthyl bromide and Z-bomyl 
benzoylformate. The method now described is based on the lines : 
C0Ph-C0 2 Et (I)C 10 H 7 *CPh(OMgBr)*CO 2 Et 

C 10 H 7 *CPh(OH)*CO 2 Et C 10 H 7 </Ph(OH)*CO 2 H. 
The two ketonic groups in ethyl benzoylformate are not equally 
prone to attack by Grignard reagents, the one to which the phenyl 
group is attached being very readily acted on, whereas the other in 
the earbethoxy group is remarkably stable (J., 1904, 85, 1249; 
Roger, this vol., p. 518). No special precautions need, therefore, 
be observed in regulating the interaction of the ketonic ester and 
magnesium a-naphthyl bromide by using the latter in the quantity 
necessary to combine with one of the carbonyl groups only, since 
the magnesium complex (I) is not readily susceptible to further 
attack by the reagent. 

Benzoylformic acid, prepared by the oxidation of mandelic acid 
with alkaline permanganate, was converted into its ethyl ester, 
which had b. p. ,127°/10 mm., whereas Acree ( Amer . Chem. J* f 
1913, 50, 391) gives 125°/9 mm. 

For the preparation of the hydroxy-acid the following procedure 
is typical. An ethereal solution of 73 g. of ethyl benzoylformate 
(1 mol.) was added within 40 minutes to the Grignard 
prepared from 134 g. of a-bromonaphthalene (slightly 
1| mols.). The flask was surrounded by ice, and at 
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the reaction allowed to become vigorous. After the mixture had 
been warmed for 1 hour, ice and dilute sulphuric acid were added, 
the ethereal solution was separated, and after the expulsion of the 
ether the residual oil was heated with a slight excess of alcoholic 
potash for 2 hours. The solution was then distilled with steam to 
remove alcohol, naphthalene, and dinaphthyl, the residue was 
extracted with ether, and the aqueous solution of potassium phenyl- 
a-naphthylglyeollate decolorised by charcoal. The acid, which is 
very sparingly soluble in water, was precipitated by an excess of 
dilute hydrochloric acid. It separated (with 2 mols. HgO) from 
aqueous alcohol in prismatic needles, m. p. 112—118° (Beckmann 
and Paul give 108—115°). Yield : 79 g. 

The anhydrous acid was obtained by crystallising the hydrated 
acid from benzene, from which it separated in colourless prisms, 
melting to a green liquid at 146—147° (Beckmann and Paul give 
148°). It gives a green coloration with cold concentrated sulphuric 
acid* (Found in silver salt: Ag, 28*2. C^H^OgAg requires 
Ag, 28*2%). 

Conversion of Phenyl-a.-napMhylglycollic Acid into ct-Naphtliyl- 
deoxybenzoin. —A mixture of the anhydrous hydroxy-acid (54 g.) 
and phosphorus pentaehloride (159 g.) was heated on the steam- 
bath for 3 hours until the evolution of hydrogen chloride was com¬ 
pleted. Whilst still hot, the oil was poured upon crushed ice in a 
flat dish; it gradually hardened to a yellow solid, which was pow¬ 
dered under water and kept in contact with water over-night in the 
ice-chest. The solid was washed with ice-cold water, dried in a 
vacuum, and crystallised from benzene-light petroleum (b. p. 
80—100°). Yield: 45g. 

Phenyl-oc- 7 iaphthylchloroacetyl chloride , C 10 H 7 *CPhCl*COCl, separ¬ 
ates from benzene and light petroleum in colourless, hexagonal 
plates, m. p. 155—156° (Found: 01, 22*8. C^H^OClg requires 
(2, 22*5%). It is somewhat sparingly soluble in ether. It gives 
no coloration with cold concentrated sulphuric acid. 

5 G. of the acid chloride (1 mol.) were added gradually to the 
Grignard reagent prepared from 17 g. of fcromobenzene (6 mols.). 
After each addition the reaction was vigorous, the ether boiling 
briskly. The mixture was heated for 2 hours, and ice, ammonium 
chloride, and ammonia were then added. The ether was removed 
from the ethereal solution, and the product was distilled in steam 
to remove benzene and diphenyl. The residue was extracted with 
ether, the extract dried with anhydrous sodium sulphate, and after 
expulsion of the ether, the oil was dried in a vacuum for several days, 

* In the colour reactions with sulphuric acid described in this paper, only 
a trace of the compound added was used. 
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The resin was then triturated with benzene-light petroleum (b. p. 
40—60°); the undissolved solid (1-6 g.) was crystallised first from 
light petroleum and finally from aqueous alcohol; 1*1 g. of pure 
a-naphthyldeoxybenzoin (m. p. 109—110°), crystallising in octahedral 
prisms, were thus obtained (Found : C, 89*1; H, 5*7. Calc., 
C, 89*4; H, 5*6%). Its identity with the a-naphthyldeoxybenzoin 
prepared by McKenzie and Dennler (be. cit.) was established by the 
melting point of the mixture not being depressed, and by the 
coloration with concentrated sulphuric acid. 

Action of Magnesium Methyl Iodide on K-Naphthyldeoxybenzoin .— 
1*7 G. of a-naphthyldeoxybenzoin (1 mol.) were acted on by the 
Grignard reagent prepared from 7*5 g. of methyl iodide (10 niols.). 
The heating was continued for 10 hours, and the product decom¬ 
posed by ice and dilute sulphuric acid. 

(x$-Diphenyl-oi(ai-naphthyl)-propan^-ol , C 10 H 7 -CHPh*CMePh*OH, 
separates from rectified spirit in glistening needles, m. p. 124—125° 
(Found: C, 88*9; H, 6*6. C 25 H 22 0 requires C, 88*7; H, 6*6%). 
It is readily soluble in ether, acetone, chloroform, or benzene, and 
moderately soluble in ethyl alcohol and hot light petroleum. It 
gives no coloration after 5 minutes when dissolved in cold concen¬ 
trated sulphuric acid. 

Action of Benzene and Aluminium Chloride on Phenyl-a-naphthyl- 
acetyl Chloride. 

Phenyl-a-naphihylacetic Acid. —Phenyl-a-naphthylglycolllc acid 
(29 g.), glacial acetic acid (100 c.c.), concentrated hydriodie acid 
(7*5 g.), and red phosphorus (7*5 g.) were heated together for 1 hour 
on the steam-bath. Addition of water to the filtered solution 
precipitated a gum, which solidified gradually and was then crystal¬ 
lised from aqueous alcohol; phenyl- a-naphthylacetic acid separated 
in rosettes of needles, m. p. 140—141° (Found: C, 82*2; H, 5*6. 
Calc., C, 82*4; H, 5*4%). Yield: 20 g. This is a much more 
convenient preparative method than that described by Michael and 
Jeanpretre (jBer., 1892, 25, 1615), who obtained the acid (in. p. 
141°) from phenyl-a-naphthylacetonitrile. 

The acid is readily soluble in ether, ethyl alcohol, benzene or 
light petroleum, and it gives a cherry-red coloration with cold 
concentrated sulphuric acid. 

A mixture of phenyl-a-naphthylacetic acid (19 g.) and thionyl 
chloride (35 g.) was heated until the evolution of hydrogen chloride 
ceased, and the excess of thionyl chloride was then removed in a 
vacuum over soda-lime. The resulting oil solidified gradually, and 
was then crystallised from benzene-light petroleum (b. p. 4fr—fi0°). 
Yield : 16 g. Phenylrx-mphthylctcetyl chloride , C 10 H 7 *CHPh*COCI, 
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crystallises in needles, m. p. 74*5—75*5° (Found: Cl, 12-8. 
CigHigOCl requires Cl, 12*7%). It is very soluble in benzene, and 
sparingly soluble in light petroleum. 

The acid chloride (16 g.) was heated with benzene (160 c.c.) 
and freshly-sublimed aluminium chloride (34 g.) for 1J hours until 
the evolution of hydrogen chloride was completed. The mixture 
was decomposed by ice and hydrochloric acid, the benzene layer 
shaken with an aqueous solution of sodium bicarbonate, and the 
benzene removed by steam. The resulting oil solidified slowly, and 
the solid (7 g.) was crystallised twice from ether-light petroleum 
(b. p. 80—100°), and finally from methyl alcohol. The resulting 
compound, which did not contain chlorine, crystallised in rectangular 
plates, m. p. 115-5—116-5° (Found: C, 88*2; H, 5-1. C t ^O 
requires C, 88*5; H, 5-0%). It is readily soluble in acetone or 
chloroform; sparingly soluble in cold methyl alcohol or ethyl 
alcohol, but readily soluble on heating; sparingly soluble in boiling 
light petroleum (b. p. 40—60°); when heated with aqueous N- 
caustic soda, an intense magenta coloration appears. It does not 
decolorise an alcoholic solution of bromine. The analytical figures 
and the melting point did not agree with those required for 
a-haphthyldeoxybenzoin, nor did the substance possess the proper¬ 
ties of the latter. With cold concentrated sulphuric acid it gave an 
intense yellow coloration, and when mixed either with a-naphthyl- 
deoxybenzoin or with diphenylacetonaphthone the melting point 
was in each case depressed. 

The above compound was not the only product of the Friedel 
and Crafts reaction, since from the gums resulting from the several 
preparations a solid separating from aqueous alcohol in prisms, 
m. p. 240—241°, was isolated, and this gave with cold concentrated 
sulphuric acid a brown coloration changing to olive-green. 

Action of Orignard Reagents on Phenyl- ot-Tiaphthylchloroacetyl 
' Chloride . 

Phenyl-<z-naphthylacetone. —5 G. of phenyl-a-naphthylchloroacetyl 
chloride (1 mol.) were added gradually to the Grignard reagent 
prepared from 18 g. of methyl iodide (7 mols.). The ether boiled 
briskly and a green coloration was noted. After heating for 3 hours, 
the mixture was decomposed by ice, ammonium chloride, and 
ammonia, and the ether distilled from the ethereal solution. The 
resulting oil (4 g.) was crystallised from aqueous alcohol. 

C lc H 7 -CHPh*COMe, separates from 
aqueous alcohol in square plate, m. p. 84-5—85° (Found: C, 87*2; 
,§*4..,..0,--87*6; H, 6-2%). Yield: 1 g. It is 
veryinsoluble in water, and readily soluble in ethyl alcohol, benzene, 
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chloroform, acetone, or ethyl acetate. It gives a crimson coloration 
■with cold concentrated sulphuric acid, and no coloration with 
alcoholic ferric chloride. 

The ketone was disrupted hy heating with alcoholic potash for 
4 hours, when phenyl-a-naphthylmethane and acetic acid were 
identified as the products of the action : 

C 10 H 7 -CHPh-i-COMe 
H-j-OH • 

Phenyl-a-naphthylacetonaphthone. —10 G. of phenyl-a-naphthyl- 
chloroacetyl chloride (1 mol.) were added during 20 minutes to the 
Grignard reagent prepared from 40 v g. of a-bromonaphthalene 
(6 mols.). The action was brisk, and the solution became yellow. 
After 2\ hours 5 heating, decomposition was effected by ice and dilute 
sulphuric acid, the ether was expelled, and the naphthalene and 
dinaphthyl partly removed by steam distillation. The aqueous- 
alcoholic solution of the resulting oil was decolorised with charcoal, 
and from the filtrate some dinaphthyl first separated. The latter 
was removed, and the crude ketone (2 g.) separated on concentration 
of the solution. It was purified by further crystallisation from 
aqueous alcohol. 

Phenyl-oc-naphthylacetonaphthone, C 10 H 7 ’CHPh*CO*C 10 H 7 , separ¬ 
ates from light petroleum in prisms, m. p. 125—126° (Found: 
C, 90*0; H, 5*6. G 28 EL> q O requires C, 90*3; H, 5*4%). It gives 
an orange-yellow coloration with cold concentrated sulphuric 
acid. 

oc-Naphthoic acid was isolated from the solution obtained by 
heating the ketone with alcoholic potash for 6 hours. 

Phenyl-a-naphthylmethyl p -Tolyl Ketone, —Phenyl-a-naphthyl- 
chloroacetyl chloride (5 g.) was gradually added to the Grignard 
reagent prepared from -p-bromotoluene (20 g.). The solution 
became green, and after the vigorous action had subsided, the mix¬ 
ture was heated for 5 hours and decomposed by ice, ammonium 
chloride, and ammonia. The residual oil from which the bulk of 
the ditolyl had been removed by steam was extracted with ether. 
When the ethereal solution was concentrated, 2*4 g. of the nearly 
pure ketone separated, and this was crystallised from aqueous 
alcohol. 

Phenyl-a-naphthylmethyl p -tolyl ketone , C 10 H 7 *CHPh*CO*C 7 H 7 , 
separates from aqueous alcohol, or from benzene-light petroleum 
(b* p. 60—80°) in prisms, m. p. 141—142° (Found: C, 89*2; H, fKL 
.CggHgoO requires 0, 89*2; H, 6*0%). With cold cOncentmi#^ 
sulphuric acid it gives a yellow coloration* It is readily soluble in 
benzene or ethyl alcohol, and sparingly soluble in light petpdleum. 
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When heated with alcoholic potash for 3| hours, it underwent 
disruption according to the scheme : 

C 10 H 7 -CHPh-i-CO*C 6 H 4 Me 

H-i-OH 

phenyl-a-naphthylmethane and ^-toluic acid were isolated. 
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CCCXLIX .—-Oleftnic Terpene Ketones from the Volatile 
Oil of Flowering Tagetes glandulifera* Part /. 

By Thomas Gilbert Henby Jones and Frank Berry Smith. 

Tagetes glandulifera (n.o. Composite), an annual native to South 
America, is a conspicuous floral feature in portions of coastal Queens¬ 
land, attracting attention by reason of its powerful and somewhat 
unpleasant perfume at the flowering period. The flowers are borne 
in dense terminal panicles, and the calyces are distinguished by 
abundant and clearly visible oil glands. In view of characters, 
somewhat unusual in essential oils of Composites, displayed by the 
flower oil of T. petula (Sehimmel and Co. Rep., November, 1908, 
p. 141; April, 1909, p. 87) and by that of T. annisaia (Zelada, 
thr. Chem. Abs . 1922, 4011). the volatile oil yielded by the flowers of 
T. glandulifera was deemed to merit investigation; and to that end 
quantities of the flowering plants were gathered in the neighbourhood 
of Brisbane in the autumns of 1923 and 1924, and steam distilled. 

The volatile oil of flowering T. glandulifera contains, in addition 
to terpenic constituents, ocimene (30%) and d-limonene (3%), 
two closely related and hitherto unrecorded ketones of the olefine 
terpene series, comprising respectively 5—10 and 50—60% of the 
oil and having molecular compositions C 10 H 18 O and C xo H 16 0. 
The behaviour and properties of these ketones indicate that they 
are yn-diinethyl-A^-octen-e-one, CH 2 ICH*CHMe*CH 2 ‘CO*CH 2 *CHMe 2 
and 

CSEyCH-Ci: 

respectively. The name tageione is proposed for the latter ketone, 
which is the principal and characteristic constituent of the volatile 
oil* From our observation of a small quantity of the volatile oil 
of the flowers of T. pefada and from the recorded characters of that 
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oil, it appears probable that it also contains tagetone as a main 
constituent. 

yr)-Dimethyl-L a -octen-z-one s isolated from the lower-boiling frac¬ 
tions and purified by regeneration from the semicarbazone (m. p. 
92*5°), is a colourless, mobile liquid boiling at 185°/760 mm. and 
possessing small but distinct optical activity. It forms a liquid 
dibromide, and is reduced by hydrogen in presence of a catalyst to 
a saturated ketone, ( yrj-dimeihyloctan-s-one ). 

Oxidation of y^-dimethyl-A a -octen-s-one with potassium per¬ 
manganate in acetone at 0° gave as main product a ketonie acid, 
C 9 H 16 0 3 ($-isovaleryl-ot-methylpropionic acid), together with smaller 
amounts of isovaleric and formic acids. The keto-acid had the 
characteristics of a y-ketonic acid, and was optically active, with 
small rotation opposite in direction to that of the parent ketone. 

The keto-acid, of which relatively little was available for oxidation 
experiments, was attacked slowly by permanganate in acetone at 
30°, the greater portion being recovered; the products were iso¬ 
valeric and acetic acids together with a small quantity of solid acid, 
presumably dibasic, insufficient for identification. With aqueous 
alkaline permanganate, oxidation proceeded readily at 0°, con¬ 
siderably more of the oxidant being consumed than required for the 
primary products theoretically indicated; there were isolated acetic 
acid in large amount, one molecular proportion of oxalic acid, and a 
smaller quantity of isovaleric acid. With chromic acid, the product 
consisted mainly of acetic acid, although isovaleric acid was obtained 
and a small amount of methylsuccinie acid. 

Oxidation of the saturated ketone (y^-dimethyloctan-e-one) with 
3% alkaline aqueous permanganate at the ordinary temperature 
(25—30°) yielded a-methylbutyric, acetic, and oxalic acids; but 
no isovaleric acid. With chromic acid, the products were p-methyl- 
valeric, a-methylbutyric, and acetic acids. The formation of these 
acids on oxidation, in conjunction with the production of isovaleric 
acid from the unsaturated ketone, shows that the saturated ketone 
is yrydimethyloctan-s-one, CH 3 -ClI 2 *CBMe*CH 2 *CO-CH 2 *CHMe 2 . 

Tagetojie is a light yellow liquid with a peculiar and characteristic 
odour, and comprises the highest-boiling fraction of the volatile oil. 
It is remarkably prone to alte^tion; readily absorbs oxygen, and 
polymerises slowly at the ordinary temperature and rapidly on 
heating, the change being almost complete at the boiling point 
(210°/760 mm.). On hearing with dilute acids and dilute aqueous 
alkali, indefinite resinous substances are formed. It reacts vigor* 
ously with sodium on warming, a red, resinous mass being produoed ; 
a trace of sodium ethoxide imparts a deep red colour. Sodium 
slowly reacts with the substance dissolved in anhydrous etfa^#:red ; ; 
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sodium salt being produced. In reaction with bromine four atoms 
are added to the ketone, but hydrogen bromide is immediately 
evolved; a definite bromide could not be isolated. 

Crystalline derivatives of tagetone were not obtained. The 
product of reaction with semicarbazide was resinous and uncrystal- 
lisable; the readily formed oxime is liquid. 

The ketonic character of tagetone was fully established by its 
almost quantitative reduction, by hydrogen in presence of platinum 
black, to a saturated ketone, the identity of which with y^-dimethvl- 
octan-e-one was proved by comparison of the physical constants, 
products of oxidation, and the semicarbazones, which melted each 
separately and in admixture sharply at 91-5°. 

Reduction of tagetone with sodium in moist ether produced 
mainly a substance , C 10 H 18 O; another product was a stable pinacol i 
CgoH^Og, which was also obtained by electrolytic reduction of 
tagetone in acid alcoholic solution with a platinum or nickel cathode. 

Oxidation of tagetone with aqueous alkaline permanganate 
produced principally isovaleric acid in almost quantitative yield 
and oxalic acid in one molecular proportion. 

Of the possible alternative formulae assignable to tagetone, 
namely, those comprising the systems *CO-CH 2 -C{ICH 2 )*CHICH 2 and 
*CO*CHICMe*CHICH 23 the former alone seems to account for the 
behaviour of the substance on oxidation, and the reaction with 
sodium and obvious salt-formation. The tendency to assume the 
enolic form which comprises the doubly conjugated system 

*G(0H):ch-0(:ch 2 )-ch:ch 2 

affords a ready explanation of the instability and proneness of 
tagetone to polymeric change. 

Neither y^-dimethyloctan-s-one, derived by reduction of the 
natural ketones and affording the key to their structure, nor $-iso- 
valeryl-a-methylpropionic acid, obtained as primary product of 
oxidation of y??-dimethyl-A a -octen-s-one, has, apparently, been 
previously described. The apparent anomaly in deportment of the 
former towards aqueous alkaline potassium permanganate, iso- 
valeric acid being wholly absent from among the products of oxida¬ 
tion, is probably to be attributed to rupture of the molecule at the 
7-carbon atom (compare Crossley §nd Perkin, J., 1898, 73, 21), 
oxalic acid being thereby produced. The synthesis of these 
substances is being undertaken. 

The position of the carbonyl group in the molecules of these new 
natural ketones corresponds to that of the same group in the 
ruptured menthone ring. For the purpose of studying ring formation 
continuing, generally, the examination of these olefinic ketones, 
J^l^ther seasonal supply of oil is awaited. 
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The volatile oil of flowering T. glandulifera is a bright yellow, 
somewhat mobile liquid having the powerful cloying odour of the 
crushed flowers, reminiscent of the principal constituent and of 
olefinic terpenes. It slowly resinified on keeping, and on exposure 
left a tacky, resinous residue. 

The amount secured from approximately 1£ tons of flowering 
plants, it being impracticable on the large scale to separate the 
flowers, was 3-5 kilo., equivalent to 0-5%. A yield of 1% was 
obtained in a small distillation of floral portions alone. The 
recovery of volatile oil from the plants prior to flowering was 
extremely small; the difference in constants of oils distilled from 
whole plants and floral portions would, however, indicate that at 
flowering the proportion of terpenic constituents is considerably 
augmented by the leaves, and that the seat of the ketones is mainly, 
if not exclusively, the floral parts. 

Evidence of considerable resinification during distillation was 
seen in the viscid yellow resin coating the still-head and still residues. 

The constants recorded for the oils were the following : Oil from 
flowering plants, d 15 ' 5 ' 0-8638; 1-4820; [a] D + 4°; acid value 

2; acetyl value 33. 

Oil from flowers, d 15 ' 5 ' 0-8743; nf 1*4870; [a] D + 2*5°; acid 
value and acetyl value not determined. 

The usual reagents extracting practically nothing, the oil (3,800 
c.c.) was fractionally distilled at 3—4 mm. through a 3-section 
Young fractionating column, a trap cooled by liquid ammonia 
being interposed between the pump and receivers. The following 
fractions were collected : 





<• 


0—45° 

1,200 c.c. 

0*8285 

1*4710 

+9-1° 

45—50 

400 

0*8544 

1*4710 

4*2 

50—58 

325 

0*8671 

1*4770 

+0*6 

58—65 

1,150 

0*8803 

1*4850 

+0*3 


Ammonia trap 50 

Loss by resinification 675 c.c. equiv, to 18%. 

Repeated refractionation, first at 3—4 mm. to reduce as far as 
possible loss by resinification, eventually yielded three main, with 
small intermediate fractions. 

?*** ' [a] D . 

(a) 72— 1 75°/24 mm. 800 c.c. 0-8143 1*4695 + 15° 

(b) 85—90°/24 mm, 150 0-8420 1-4523 + 1 

(c) 55—65°/3mm. 1,300 0*8804 1*4890 — ^,, 

Fraction (a) was mainly terpenic; the somewhat low re£p&#^e 
index of (b) suggested the presence of a ketone or ketones; whil$ 
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fraction (c) was apparently practically homogeneous and comprised 
the main constituent of the oil. 

Fraction (a) was twice treated with semicarbazide acetate in 
alcohol for removal of any ketone present, the solution was neutral¬ 
ised, and the terpenes were distilled in steam. A quantity of 
crystalline semicarbazone remaining was digested with dilute 
sulphuric acid, and the regenerated ketone added to fraction (b). 

The distilled terpenes then had a= + 13° {l == 1), and for 
separation of the active constituent were submitted to exhaustive 
refractionation under the conditions found most effective, namely, a 
Young 3-section column and 3 mm. pressure.* There were thus 
obtained a head fraction (50 c.c.) showing a = + 65° {l = 1), and 
the bulk (a = 3°; l = 1). 

Identification of d-Limonene and Ocimene .-—The head fraction 
was distilled from sodium and finally fractionated at atmospheric 
pressure; it was then collected mainly at 173—178° with constants: 
d 15 ’ 8 * 0*8346; [cc] B + 88° ; iodine value 410 (equiv. to 4*3 atoms) 
(Found : C, 88*1; H, 11*6%). 

The presence of d-limonene (admixed still with 16% of ocimene), 
suspected from the constants, was confirmed by preparation of the 
tetrabromide (m. p. 104°). 

The large subfraction, distilled from sodium, had constants 
d 15 ** 0*8058; <’1*4855; b. p. 71—72°/15 mm., 84-85°/30 mm. 
(Found: C, 87*9; H, 11*6%). 

Identity with ocimene was established by (a) reduction by 
hydrogen in presence of platinum black to dimethyloctane (b. p. 
158—159°/760 mm.; d 15 ' b * 0-7406; <\ 1*4091; (b) conversion into 
oZfoocimene (b. p. 185°/760 mm.; d 15 ' 5 * 0*818; <’ T519; (c) 

reduction by sodium in alcohol to dihydroocimene, whence was 
prepared the crystalline tetrabromide (m. p. 88°). 

Isolation and Characterisation of yr)-Dimethyl-A a -octen-z~one. 

In order completely to separate from associated terpene, the 
ketone of fraction (b) 9 supplemented by ketone regained from 
fraction (a) } was converted into semicarbazone. This was re¬ 
crystallised several times from dilute alcohol, and the ketone 
regenerated by warming with 20% oxalic acid solution and distilled 
under reduced pressure. The following constants were recorded: 

0*8354, nf 1*4295, [*% + 1*5°; b. p. 185—186°/760 mm., 

* Despite the higher boiling point at the ordinary pressure, d-limonene 
boils slightly “below ocimene at 3—4 mm. At 30 mm., the boiling points 
apparently coinciding, no separation by fractionation was practicable. 
Separation at ordinary pressure can be slowly accomplished owing to the 
gradual production of oZZooeimene, b. p. 185°. 
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88—89°/30 mm. (Found: C, 77-7; H, 11-5. C 10 H 18 O requires 
C, 77-9; H, 11-7%). The small optical rotation was unaffected by 
further recrystaJlisation of the semiearbazone. 

The ketone combined neither with sodium sulphite nor bisulphite, 
nor did it react with Schiff’s reagent or ammoniacal silver. It 
was unaffected by boiling under reflux for several hours with 20% 
sulphuric acid. ' 

The semiearbazone crystallised from alcohol in needles, m. p. 
92-5° (Found: C, 62-2; H, 9*9; N, 19*6. C u H 21 ON 3 requires 
C, 62*5; H, 9*9; N, 19*9%). The oxime , prepared by the usual 
method, had b. p. 222°/760 mm.; d 15 ' 5 ’ 0*8778; [oc] D + 2*4° 
(Found : N, 8*1. C 10 H 19 ON requires N, 8*3%). 

y7j-Dimethyl-A. a -octen-E-ol. —To 10 g. of the ketone in absolute 
alcohol boiling under reflux was added in fragments twice the 
theoretical amount of sodium. By dilution with water and extrac¬ 
tion with ether an alcohol was obtained, b. p. 92°/20 mm., 
d 133 * 0*8305; wg' 1*440; [«] D + 1*75° (Found: C, 76*7; H, 12*6. 
^ 10 ^ 20 ^ requires C, 76*9; H, 12*8%). A crystalline phenylurethane 
was not obtained. 

Reduction of yrj-Dimethyl-L a -octen-z-one to yyj-Dimeihyloctan-z-one . 
—The ketone (20 g.) was repeatedly volatilised in purified hydrogen 
over a nickel catalyst on pumice in a U-tube at 180° until the 
product failed to decolorise bromine. Alternatively, reduction was 
effected at the ordinary temperature with platinum black as catalyst, 
suspended in a well-shaken ethereal solution of the ketone. The 
saturated ketone had b. p. 187—188°/760 mm.; d 15 ^ 0*8201; 
nf 1-4205; [a]* - 1*5°. 

The semiearbazone crystallised from dilute alcohol in needles, 
m. p. 91*5° (Found: C, 61*5; H, 10*8; N, 19*6. O^H^ON* 
requires C, 61*9; H, 10*8; N, 19*7%). The oxime had b. p. 224— 
225°/760 mm.; d 15 ’ 6 *0*8419; nf 1*4338 (Found: N, 8*0. 
C 10 H 21 ON requires N, 8*2%). 

yq-Dimethyloctan-z-ol. —By the action of sodi um on y^-dimethyl- 
octan-e-one in boiling absolute alcohol was produced an alcohol of 
notably pleasant odour with constants d 15 ' 5 ’ 0*8230; rif 1*4270 ; 
b. p. 195°/760 mm. (Found : C, 75*7; H, 13*7. C-^H^O requires 
G, 75*9; H, 13*9%). A crystalline phenylurethane was not 
obtained. 

Oxidation Products of yrj-Dimetkyl-ik a -ocien-z-one. Isolation of a 
Retonic Acid> C 9 H 16 0 3 .—To 25 g. of the ketone in 200 c.c. of acetone, 
cooled in ice, was added fine-sieved potassium permanganate 
(120 g.}; reaction then appeared complete. The aqueous saline 
solution, obtained by thorough leaching of the precipitated oxide of 
manganese removed by filtration and washed with acetone, was 
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concentrated to small bulk and acidified. The liberated acids were 
extracted with ether, finally in a continuous extractor, and after 
esterification with ethyl alcohol were resolved by fractional dis¬ 
tillation into the following fractions : (a) below 100°, principally 
ethyl formate and acetate; (b) 100—130°, principally ethyl iso - 
valerate, ^ovaleric acid being identified by the character and 
analysis of the silver salt, and by preparation of the anilide (m. p. 
110—111°); (c) 130—180°/760 mm., a mixture of (6) and (d); 
(d) 126—130°/25 mm. This was refractionated, when the greater 
portion boiled constantly at 127°/25 mm. (Found: C, 66*2; 
H, 10-1. C^HgoOg requires C, 66*0; H, 10-0%). 

The ester reacted with semicarbazide and was evidently the ester 
of a ketonie acid, which, from absence of colour reaction with 
alcoholic ferric chloride and its stability towards heat, was judged 
to be a y-ketonic acid. 

The y-ketorde acid, $-isovaleryl-oL-methylpropionic acid , was 
subsequently prepared in larger yield by oxidation of y^-dimethyl- 
A a -octen-s-one in acetone strictly at 0° with the theoretical amount 
of permanganate, and separation as principal product from the 
extracted acids by fractional distillation under reduced pressure 
without previous esterification. It solidified below 25°, crystallising 
in long needles, and melted sharply at that temperature: b. p; 
169—171°/25 mm.; < - 2-1° (l = 1) (Found : C, 62*3; H, 9*3. 
C 9 H 16 0 3 requires C, 62*7; H, 9*3%). 

The semicarbazone, crystallised from water, melted at 165° 
(Found: C, 52*5; H, 8*4; K, 18*3. C 10 E 19 O 3 N 3 requires 0, 52*4; 
H, 8 3; N, 18*3%). 

The semicarbazone of the ethyl ester (b. p. 127°/25 mm.), crys¬ 
tallised from alcohol, melted at 122°. 

Oxidation of the y-Ketonie Acid .— (a) To 5 g. of the acid was added 
aqueous alkaline 2% permanganate (28 g., equiv. to 9 oxygen atoms) 
until reaction was complete, the whole being kept cool in an ice- 
bath. . The products isolated were isovaleric acid in small amount, 
oxalic acid (1 mol.), and a large amount of acetic acid; no dibasic 
acid other than oxalic could be detected, (b) The acid in acetone 
at 30° was treated with finely sieved potassium permanganate. 
The products identified were isovaleric and acetic acids. By 
prolonged extraction with ether of the still-liquor after removal of 
the volatile acids, a trace of crystalline acid was obtained insufficient 
for identification, (c) The acid (5 g.) was refluxed for 4 hours with 
15 g. of potassium dichromate and 5 c.c. of concentrated sulphuric 
add in 75 c,c. of water The products isolated by distillation were 
isovaleric add in small amount and acetic acid, and by subsequent 
extraction methylsuccinic acid (0*15 g.), m. p. 112° after 



volatile oil or FLO weeing tagetes glandulifera. part i. 2537 

recrystallisation from ether (Found: C, 454; H, 6*1. Calc., 
0,454; H,6*l%). 

Oxidation of yy)-Dimeihyloctan-z-one with Chromic Add .—The 
largest relative yield of volatile acids was obtained by the following 
procedure. In each of three experiments, 10 g. of the ketone were 
refluxed during 12 hours with 10 g. of potassium dichromate and 
8 e.c. of concentrated sulphuric acid in 65 c.c. of water; on isolation, 
about half the ketone was recovered unchanged and volatile acids 
equivalent to 2*0 g. of sodium hydroxide were distilled in steam. 
The distillates were digested with moist silver oxide and the 
relatively soluble silver salts were obtained after repeated recrys¬ 
tallisations in fractions containing respectively in order of increasing 
solubility (a) 484, ( b) 5T7, (c) 62*5% of silver. 

The identity of (a) with silver p-methylvalerate was established 
by preparation from the regenerated acid of p-methylvaleranilide, 
m. p. 88° (J., 1895, 67, 268); that of the second acid (6), evidently 
the principal product, with d-methylbutyric acid by means of the 
amide, m. p. 110°, and of an anilide, prepared through the acid 
chloride and crystallised from light petroleum, which melted, 
alone or mixed with an authentic specimen, at 104*5°. Silver 
d-methylbutyrate was readily distinguished from the silver salts 
of n- and iso-valeric acids by its greater solubility and its crystalline 
form. Fraction (c) was essentially silver acetate. 

Oxidation of yq -Dimethyloctan-t-one with Potassium Pemumgariaie . 
—A greater yield of volatile acids was obtained with potassium 
permanganate as oxidant. The ketone (10 g.) was slowly oxidised 
when shaken at room temperature with 3% alkaline permanganate; 
for practically complete oxidation, 60 g. of potassium permanganate 
(equiv. to TO oxygen atoms) were required. The filtrate and wash¬ 
ings from the oxide of manganese were concentrated and acidified, 
and the volatile acids distilled in steam were equivalent to 4*1 g. of 
sodium hydroxide. The residual liquor was exhaustively extracted 
with ether, but only oxalic acid was recovered and identified. The 
readily soluble volatile acids were partly separated from the acetic 
acid in the distillate by shaking with ether, and were converted into 
silver salts; by fractional crystallisation, silver a-methylbutyrate 
(Found : Ag, 51*7%) was obtained which was identified by prepar¬ 
ation of the anilide (m. p. 104*5°). 

TagetoTi# {?i-Mefoyl’y-7ndhyfone-&*-Qcten-z-Qne). 

The highest-boiling fraction (e) of the oil (p. 2533) was further 
fractionated; even at 3—4 mm. considerable resimfication occurred j 
and the bulk was collected at 62°. 

The constants of the pale yellow liquid, the colour of which £ear- 
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sisted through successive redistillations and therefore appeared to be 
constitutive, were : d 15 ' 5 ’ 0*8803; 1*4895; b. p. 102°/30 mm., 

ca. 205—210°/760 mm. (Found: C, 78*8; H, 10*5, C 10 H 16 O 
requires C, 78*9; H, 10*5%). The molecular refraction is 49*9 
(Calc, for 0 10 H 16 O with two ethylenic linkings, 48*5). 

Tagetoneoxime was obtained in reasonable yield as a comparatively 
stable liquid of unpleasant odour, b. p. 126°/25 mm., by heating 
tagetone with the theoretical quantities of hydroxylamine hydro¬ 
chloride and sodium bicarbonate: d 15 ' 5 ' 0*9207; 1*4820 

(Found: 0, 71*9; H, 10*2; N, 8*2. C M H 17 OJ8T requires C, 71*8; 
H, 10*2; N, 8*4%). 

Reduction of Tagetone to yrj-Dimethylocian-z-one .—Pure dry 
hydrogen was rapidly absorbed when it was passed into well-shaken 
dry ether (100 c.c.) containing 30 g. of tagetone and 5 g. of platinum 
black (prepared by Loew’s method); passage of the gas was continued 
until the product no longer decolorised bromine (about 5 hours). 
The saturated ketone produced (yield almost quantitative), after 
redistillation, had constants, b. p. 187—188°/760 mm., eF 5 “ 0*8198, 
ri§' 1*4205 (semicarbazone, m. p. 91*5°), identical with those of 
yjj-dimethyloctan-e-one and gave the same products on oxidation 
with alkaline potassium permanganate. 

Reduction of Tagetone in Ether by Sodium .—Reduction of tagetone 
by sodium and absolute alcohol produced indefinite, red, resinous 
substances. Isolable products were obtained by reduction in 
moist ether. 

To a solution of 40 g. of tagetone in 200 e.c. of ether, floating on 
concentrated aqueous sodium bicarbonate, sodium was added in 
small fragments; water was occasionally added to promote dis¬ 
solution of the sodium, and the reaction was modified, as necessary, 
by immersing the flask in cold water. The product, on fraction¬ 
ation, gave (a) & substance, b. p. 197°/760mm., cF 5 * 0*8524, wg* 1*4490 
(Found : C, 77*6; H, 11*6. C 10 H 18 O requires C, 77*9; H, 11*7%), 
and (6) the pinacol, b. p. 183°/4 mm,, described below. 

Electrolytic Reduction of Tagetone .—The reduction was effected 
in a divided cell, the anode compartment containing a platinum 
spiral and 10% sulphuric acid. The cathode liquid was composed 
of 20 e.c. of tagetone, 70 c.c. of 95% alcohol, 10 c.c. of 10% sulphuric 
acid, and 0*4 g. of nickel sulphate. The cathode was an activated 
nickel foil cylinder, etched by nitric acid, of surface area 2*2 cm. 2 
(alternative^, a platinum dish was employed). The system was 
cooled in running water. The current density was maintained at 
3*5—4 amp./cm 2 by addition, as required, of 10% sulphuric acid to 
the cathode liquid. The E.M.F. was 8—12 volts throughout. 

When reduction was considered complete (27 hours), the cathode 
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liquid was poured into water. The separated product, after 
distillation, had d 15 ' 5 ' 0*9258, rig' 1*4820, b. p. 183°/4 mm. (Found : 
C, 78*2; H, 11*0. C^E^Oa requires C, 78*4; H, 11-1%). The 
iodine value (328) indicated four ethylenic linkings. Evidently a 
pinacol, the substance was comparatively stable to heat, showing no 
tendency to resinification or decomposition on distillation at 4 mm. 
pressure. 

Oxidation of Tagetone .—The ketone (50 g.) was gradually treated 
in the cold with 350 g. of potassium permanganate in 2% aqueous 
alkaline solution; oxidation then appeared complete. After 
filtration from precipitated oxide of manganese and concentration 
and acidification of the filtrate, the volatile acids were distilled in 
steam. They were recovered in good yield and converted into ethyl 
esters, the greater portion of which distilled at 130—132°/760 mm. 
and was identified as ethyl isovalerate pj conversion into isovaler- 
anilide (m. p. 111°); a small lower fraction indicated some acetic acid. 

Examination of the non-volatile acid extracted from the residual 
liquor by ether revealed only oxalic acid, determined in a small- 
scale quantitative oxidation as equivalent to one molecule. 

Oxidation of the ketone in acetone solution with permanganate 
gave as principal product isovaleric acid, with oxalic acid, but no 
trace of a ketonic acid. 

University of Queensland, 

Brisbane. [Received, August 5th, 1925.] 


CCCL .—The Isomerism of the Styryl Alkyl Ketones. 
Part II. The Isomerism of the Homologues of 
2-Hydroxy styryl, and of S-M ethoxy A-hydroxystyryl 
Methyl Ketones. 

By Alexander McGookin and Donald James Sinclair. 

The yellow form, of 2 - hydroxy styryl ethyl ketone, stated by Decker 
and Fellenberg (Annalen, 1908, 364,-24) to melt at 101°, has m. p. 
116° when pure. The colourless modification has the same m. p. 
(Auwers and Voss, Ber., 1909, 42, 4423, 118—119°). The two 
substances are stereoisomerides analogous to those of 2-hydroxy- 
styryl methyl ketone (Part I, J., 1924, 125, 2099). Again the 
yellow form is labile, and is even more readily transformed into 
the colourless modification than is the yellow form of the lower 
homologue. 

As stated by Decker and Fellenberg (foe. tit.), when salfoyfoid#- 
hyde is condensed with methyl ethyl ketone a small quantify of 
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a yellow, crystalline substance—A—of m. p. 246—247° is also 
produced* This compound is not a distyryl ketone (Part I), for, 
although the methylene group of 2-hydxoxystyryl ethyl ketone is 
capable of condensing with aldehydes in the presence of acids, 
it has been shown, by attempted condensations under varying 
conditions, that it is inert towards alkaline condensing agents. 

Although the structure of the compound A has not yet been 
elucidated, the authors have proved, by analyses of the substance 
itself and of certain of its derivatives, that it cannot have the 
formula C^H^Og suggested for it by Decker and Fejlenberg (he. 
tit.). 

Whereas the rapid development of a red coloration when the 
yellow isomeride of 2-hydroxystyryl methyl ketone is treated with 
aqueous sodium hydroxide was shown to be due to the formation 
of the sodium salt of 2 i^'-dihydroxydistyryl ketone (Part I), 
such a reaction is obviously impossible in the case of the next 
higher homologue. Confirming this conclusion, both isomerides 
of 2-hydroxystyryl ethyl ketone give yellow solutions when treated 
with alkali, which, however, turn red on standing for 2 weeks on 
account of the slow production of the sodium salt of the compound A. 

Harries and Busse (Ber. y 1896, 29, 376) and Auwers and Yoss 
(he. tit.) describe 2-hydroxystyryl n-propyl ketone as a crystalline 
solid melting at 116°, but make no mention of its colour. Yellow 
and colourless forms have now been prepared, both of which melt 
at 113°. The yellow isomeride is again the unstable variety and 
can readily be isomerised by the usual methods (Part I). Both 
modifications, moreover, yield yellow alkaline solutions; these 
develop the usual red colour when kept for four weeks, but the 
amount of red sodium salt produced is too minute to be isolated. 

By condensation in the usual manner 2-hydroxystyryl ?i-hexyl 
ketone also has been obtained in yellow and colourless forms, 
each melting at 102—103°. The yellow isomeride is exceedingly 
unstable and isomerises even in the dry state. Both forms give 
yellow solutions in alkali which redden after three months’ exposure, 
but again the isolation of the red sodium salt produced is impossible 
on account of the small quantity formed. 

A comparison of the properties of the 2-hydroxystyryl alkyl 
ketones indicates that the stability of the yellow isomeride decreases, 
and the resistance of the molecule to fission by alkaline reagents 
increases, with increasing molecular weight. 

In Peart I* it was mentioned that yellow and colourless isomerides 
of 3-metboxy-4-hydroxystyryl methyl ketone had been obtained. 
The ethyl and n-propyl homologues of this series have now been 
; prepared, each in two forms—yellow and colourless—having 
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identical melting points. Unlike 3-methoxy-4-hydroxystyryl methyl 
ketone, which rapidly develops a red coloration in presence of 
alkali, these homologues only do so on long standing. Since the 
development of a red coloration is dependent on the fission of the 
molecule (Part I), it appears that the higher homologues in this 
series are also the most stable. Moreover, the 3-methoxy-4-hydr- 
oxystyryl alkyl ketones resemble the 2-hydroxy-compounds in 
the decreasing stability of the yellow isomerides with increasing 
molecular weight. 

Throughout the entire series of hydroxystyryl ketones so far 
examined, each pair of isomers invariably has the same melting 
point, which is doubtless due to one form changing into the other 
at, or below, the melting point of the latter. Other isomeric, 
unsaturated ketones have been described which do not exhibit 
this peculiar property (compare Bodforss, Ber., 1916, 49, 2802; 
Dilthey and Radmacher, Ber., 1925, 58, 361). 

During the preparation of the isomeric hydroxystyryl alkyl 
ketones it was often observed that the white isomeride has the 
property of “ seeding ” the yellow form so that the latter cannot 
afterwards be prepared in the same atmosphere or by the same 
experimenter (compare McKenzie and Roger, J., 1924, 125, 846; 
Dilthey and Radmacher, loo. cit ). 

The authors desire to correct a statement of Vavon and PaUlebin 
( Compt. rend., 1919, 169, 65) that the yellow modification of 3:4- 
methylenedioxystyryl methyl ketone described by Haber (Ber., 
1891, 24, 617) is an impure form of the colourless compound and 
is not its stereoisomeride. The existence of two distinct isomerides 
of this compound has been definitely established and quantitatively 
confirmed by solubility measurements. Similar data have been 
obtained in the case of 3-methoxy-4-hydroxystyryl methyl ketone, 
the isomerides of which have previously been described (Part I). 

Since carbon dioxide is generally employed to precipitate these 
ketones from their alkaline solutions, it might be thought that 
both forms are identical and that the yellow colour of the one is 
due to the presence of a trace of alkali. Such, however, is not 
the case, since each yellow modification can be isolated from its 
alkaline solution by means of dilute acids. 

Finally, all the hydroxystyryl ketones so far investigated are 
coloured crimson by boiling, concentrated hydrochloric acid, the 
yellow isomeride more rapidly than the colourless modification. 
On this account it was originally thought that the yellow form 
had the ^-configuration (Part I). As, however, similar changes 
have been observed in the case of hydroxystyryl ketones incapable 
of pyrylium salt formation, such a view cannot be maintained. 
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Experimental. 

2-Hydroxystyryl Ethyl Ketone .—A solution of salicylaldehyde 
(50 g.) in aqueous sodium hydroxide (500 c.c. of 10%) rapidly 
became dark red after addition of alcohol (50 c.c.) and methyl 
ethyl ketone (10 g.). The long, yellow needles of the sodium salt 
of the ketone deposited after 24 hours were dissolved in water and 
acidified with dilute acid; the free ketone produced crystallised 
from benzene in colourless needles, m. p. 116° (Pound: C, 74-9; 
H, 6*9. C 1X H 12 0 2 requires 0, 75*0; H, 6*8%). If excess of 10% 
alkali and alcohol be employed, no sodium salt separates from the 
condensation mixture and on precipitation with carbon dioxide 
the yellow isomeride is obtained which crystallises from cyano- 
acetie ester in yellow needles, m. p. 116°. Addition of a trace of 
dilute acid to a boiling solution of the yellow form caused isomer¬ 
isation (Pound: C, 74*9; H, 6*7%). 

Compound A was obtained in yellow needles (m. p. 246—247°) 
by Decker and Fellenberg’s method (Zoo. tit,). It dissolved in 
aqueous alkali to yield a red solution of its salt (Found : C, 77*9, 
78*1; H, 6*6, 6*6. Decker and Fellenberg found C, 78*1; H, 6*5%, 
and none of these figures agrees with the formula CyH^Og suggested 
by them, which requires C, 79*0; H, 6*5%). 

The Acetyl Derivative of Compound A, prepared in the usual 
way, formed colourless needles, m. p. 182°, which were soluble in 
alcohol and ethyl acetate but insoluble in alkali (Found : C, 73*9; 
FT, 6*3; CH 3 *CO, 27*1%). The diacetyl derivative of the com¬ 
pound suggested by Decker and Fellenberg would have the formula 
C 26 H^ 6 0 5 and would require C, 74*6; H, 6*2; GH s *CO, 28*2%. 

The Carbomethoxy derivative of Compound A was prepared by 
the recognised method and formed colourless needles, m. p. 184° 
with shrinking at 179°; it was soluble in organic solvents but 
insoluble in cold alkali, which, however, caused hydrolysis on 
warming (Found: C, 71*0, 71*3; H, 6*0, 6*0%). The dicarbo- 
methoxy-derivative of the compound C 22 H 22 0 3 would have the 
formula C 26 H 26 0 7 and would require 0, 69*3: H, 5*8%. 

2-ffydroxystyryl n-Propyl Ketone .—A solution of salicylaldehyde 
(50 g.) and methyl n-propyl ketone (50 g.) in alcohol (100 c.c.) 
was gradually added to aqueous sodium hydroxide (500 c.c. of 
10%). The mixture when warmed on a water-bath for 10 minutes 
turned red, and after 24 hours deposited long, yellow needles of 
the sodium salt of the ketone. These were acidified in aqueous 
solution, and the faintly coloured precipitate of the free ketone 
produced crystallised from benzene in colourless needles, m. p. 
113° (Pound: G* 75*7; H, 7*3. C 12 H 14 0 2 requires C, 75-8; H, 
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7*4%). The filtrate obtained after removal of the yellow sodium 
salt, on saturation with carbon dioxide, gave a yellow precipitate, 
which crystallised from cold aqueous alcohol in yellow plates, 
m. p. 113° (Found: C, 75*7; H, 7*3. requires C, 75*8; 

H,7*4%). 

2-Hydroxystyryl n-Hexyl Ketone .—Salicylaldehyde (5 g.) and 
methyl w-hexyl ketone (5 g.) were treated with a mixture of alcohol 
(100 c.c.) and aqueous sodium hydroxide (30 c.c. of 30%). After 
7 days, a light orange colour developed in the solution which, on 
neutralisation with carbon dioxide, furnished a yellow precipitate. 
Careful crystallisation from cold aqueous alcohol resulted in the 
formation of yellow plates, m. p. 102—103°, which were very 
unstable and passed on standing into a colourless isomeride of 
identical melting point (Found: C, 77*2; H, 8*7. CjsHonOo 
requires C, 77*6; H, 8*6%). 

Z-Methoxy-k-kydroxysiyryl Ethyl Ketone. —A mixture of vanillin 
(50 g.) 3 methyl ethyl ketone (78 g.), and aqueous sodium hydroxide 
(150 c.c. of 10%) was warmed on a water-bath for 5 minutes, a 
red colour soon appearing. After 3 days, the solution was poured 
into 3 litres of water, filtered, and the filtrate saturated with carbon 
dioxide. The yellow solid obtained crystallised from benzene- 
hexane in yellow needles, m. p. 93°, which were readily soluble in 
alcohol, benzene, acetone, or chloroform, and sparingly soluble in 
water or hexane. The ketone dissolved in alkali to form a yellow 
solution, which assumed a red tint after 3 weeks’ exposure (Found : 
C, 69*5; H, 6*9. requires C, 69*9; H, 6*8%). The 

colourless isomeride is readily obtained from the yellow form in 
the usual way and when crystallised from aqueous solvents it 
separates as a yellow hydrate, m. p. 79—82° (Found: 0, 63*9; 
H, 7*2. C 12 H 14 0 3 j H 2 0 requires C, 64*3 ; H, 7*1%). On dehydr¬ 
ation the hydrate lost water (8*62%, theory requiring 8*73%), 
yielding colourless needles (m. p. 93°), which were also formed by 
crystallising the yellow form from non-aqueous solvents in presence 
of a trace of acid (Found : C, 69*6; H, 6*8%). 

Z-MeihoxyA-hydroxystyryl n-Propyl Ketone. —Vanillin (50 g.) and 
methyl ^-propyl ketone (28 g.) were dissolved in alcohol (150 c.c.), 
and aqueous sodium hydroxide (300 c.c. of 20%) was added. The 
mixture was warmed for a few minutes on a water-bath, when a 
red colour developed. On allowing to stand for 3 days and then 
pouring into excess of dilute sulphuric acid, a yellow oil separated 
which solidified on leaving in the ice-chest. It crystallised from 
aqueous acetone in yellow cubes, m. p. 83°, which were soluble in 
alcohol, benzene, or acetone (Found : C* 70*5; H, 7*3. 
requires C, 70*9; H, 7*3%). The filtrate from the yellow oil* on 
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standing for 2 days in the ice-chest, deposited colourless needles, 
m. p. 83°, which could also he produced from the yellow compound 
by the ordinary methods of isomerisation (Found: C, 70*6; H, 
7-3%). The yellow alkaline solutions of both isomerides turned 
red on prolonged standing. 

3 : 4-Methylenedioxystyryl methyl 3-Methoxy-4-hydroxystyryl methyl 
ketone. ketone. 

Solubility in g. per 100 g. Solubility in g. per 100 g. 

of alcohol of of alcohol of 



Yellow 

Colourless 


Yellow 

Colourless 

Temp. 

isomeride. 

isomeride. 

Temp. 

isomeride. 

isomeride. 

20° 

1*5 

1*2 

18° 

4*4 

4*8 

22 

1*8 

1*5 

30 

9*0 

10*1 

31 

4*0 

2*6 . 

38 

12*1 

13*7 

36 

5*5 

3*3 

39 

J2*4 

..—' 

43 

8*0 

-— 

47 

16*0 

18*6 

50 

— 

4*9 





The authors desire to express their best thanks to Professor 
I. M. Heilhron, D.S.O., for his valuable advice during the course 
of this investigation. 

The XJnxvebsity, Liverpool. [Received, June 9th, 1925.] 


GQGTA—The Relationship of Salts in Dilute Aqueous 
Solution as determined by their Influence on the 
Critical Solution Temperature of the System Phenol- 
Water. 

By John Herbert Carrington, Louis Bobert Hickson, and 
William Ha m ilton Patterson. 

The investigation (Duckett and Patterson, J. Physical Chem 
1925, 29, 295) of the rise of the critical solution temperature 
(C.S.T.) of the system phenol-water due to the addition of a salt 
soluble only in the aqueous phase has been continued. 

The C.S.T. of phenol-water (temperature for standard turbidity) 
was taken as 66-0°. The point of standard turbidity was more 
reproducible than that of appearance or disappearance of faint 
opalescence, which occurred about 2*5° higher. The standard 
waadetermined in all the experiments by the first appearance 
or disappearance of the thermometer bulb when viewed through 
the liquid with constant illumination. The system itself, and the 
bath in which it was placed, were stirred vigorously throughout. 
The temperatures determined were easily reproducible within 0*05°. 
Owing to the flatness of the miscibility curve in the region of 
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the C.S.T., no change of the latter could be observed when the 
percentage of phenol was varied between the limits 34-2 and 37*8; 
consequently salt hydrates could be added without causing error. 
All mixtures were, however, made to contain 36*0—36*1% of 
phenol, and known weights of pure salts were added. Deliquescent 
salts and acids were added in the form of standard solutions. Jena 
glass was used in the case of fluorides. 

The results are stated in the tables in terms of G = number 
of g.-mols. of solute per 1000 g. of total mixture; e = elevation 
of C.S.T.; and E = e]C = molecular elevation of C.S.T. 

In the normal case of solubility of the salt in the aqueous phase 
only, absence of hydrolysis, and of complex formation, e is nearly 
proportional to C at higher concentrations; the deviation from 
linear relationship for zero concentration upwards becomes clearer 
on plotting E against G . This deviation is accentuated in abnormal 
cases. 

The values of e and E given in the tables are obtained for fixed 
concentrations by interpolation horn curves. A bracketed number 
indicates slight extrapolation. Values are given for hydrochloric 
and sulphuric acids, and in a few cases values are reproduced, with 
slight corrections at the higher concentrations (since precautions 
were taken in these experiments to prevent evaporation), from 
the earlier paper. Abnormal cases due to hydrolysis, complex 
formation, and chemical action are not included in the tables, 
since this paper deals primarily with normal behaviour. Neverthe¬ 
less a few remarks on these abnormal cases may be made in 
passing. . 

Hydrolysis .—Inthium carbonate in common with the other 
alkali carbonates produces a lowering of the critical solution tem¬ 
perature. Sodium acetate produces a 'slight lowering, and sodium 
cyanide a much greater one. The method is very sensitive for 
detecting hydrolysis under the experimental conditions, viz., at 
60—70° and in the presence of phenol. In such a case, the numerical 
value of E decreases with increasing concentration, e.g., for sodium 
acetate, G =*= 0*013, E = —14-5 ; G = 0*318, E = - 1*4. 

Hydrolysis may be thus distinguished from cases where a lower¬ 
ing is due to solubility in the ordinary way in both phases, e.g., 
with sucrose or urea. In this case, ^ remains practically constant 
(Duckett and Patterson, loc. cii.). 

Complexity .—Even in the case of single salts complexes are 
sometimes formed in solution. This is especially so for cadmium 
iodide* less so for the bromide, and still less for the chloride* 
Cadmium sulphate behaves normally up to 0 = 0*045, and the 
nitrate up to a higher concentration. 

VOL. CXXYJL * 4 Q 
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Table I. 

Values of e. 


Molecular concentrations. 


Salt. 

0*01. 

0*02. 

0*03. 

0-04. 

0*05. 

0*10. 

0*15. 

0*20. 

0*30. 

NH 4 F . 

(0-35°) 0-68° 

1*0° 

1*25° 

1*55° 

2-75° 

3*95° 

1 4*95° 

7*0° 

HCOONa. 

(0*50) 

1*00 

1*45 

1*9 

2*3 

4*35 

6*3 

8*15 

11*7 

nh 4 no 3 . 

— 

— 

— 

(2*1) 

2*4 

4*3 

5*95 

7*5 

10*2 

HaF . 

(0-60) 

1*15 

1*75 

2*2 

2*7 

5*2 

7*5 

9*6 

13*6 

KC10 3 . 

(0*70) (1-30) 

1*85 

2-4 

2*95 

5*35 

7*5 

9*5 

— 

KNO s .. 

(0*80) 

1*55 

2*15 

2*75 

3*3 

5*9 

8*3 

10*4 

(14*85) 

KI. 

(0-70) 

1*55 

2*15 

2-75 

3*3 

5*9 

8*2 

10*4 

14*9 

NHJBr . 

— 

1*5 

2*2 

2*8 

3*45 

6*2 

8*7 

11*2 

15-6 

KBrO* .. 

(0*80) 

1*5 

2*2 

2*9 

3*5 

6*3 

8*7 

10*8 

— 

Lil . 

(0-80) 

1*5 

2*2 

2*9 

3*5 

6*3 

8*75 

11-0 

(16-4) 

Ha .. 

(0*85) 

1*6 

2*4 

3*1 

3*75 

6*7 

9*3 

11*75 

15*8 

NH 4 C1 . 

— 

(1-7) 

2*5 

3*15 

3*9 

7*2 

9*8 

12-5 

17*6 

NabT0 3 .. 

(0*80) 

1*55 

2*3 

3*0 

3*75 

7*1 

10-1 

12*9 

— 

NaX .. 

(0-90) 

1*6 

2*3 

30 

3*7 

6*8 

9*6 

12*3 

—- 

KBr ... 

(1-0) 

(2-0) 

2*9 

3*7 

4*45 

7*9 

11-2 

14*3 

(20*5) 

KC1 . 

(1*1) 

2*0 

3*0 

3*95 

4*7 

8*7 

12*3 

16*0 

— 

NaBr .. 

(1*2) 

2*35 

3*35 

4-3 

5*2 

9*2 

12*95 

16*5 

—- 

Lia... 

(1-2) 

(2*4) 

3*4 

4*4 

5*3 

9*6 

13*8 

17*6 

(26-1) 

Haa ............ 

(1-3) 

(2-5) 

(3-55) (4-5) 

5*45 

10*0 

14*5 

18*95 


b^so 4 ......... 

1*55 

2*95 

4*2 

5*3 

6*35 

11*3 

_ 

— 

_ 

Fb(H0 8 ) 2 . 

1*55 

3-05 

4*3 

5*55 

6*75 

12*2 

17*7 

(23-4) 

— 

NaH Tartrate 

— 

(3-6) 

4*9 

6-2 

7*4 

13*2 

(19*2) 


— 

ca(No,) a . 

2*0 

3*65 

5*1 

6*55 

8*0 

(14*2) 


— 

' - 

CdCl* . 

2*45 

3*4 

6*1 

7*55 

9*0 

(15*7) 

___ 

_ 

_ 

GuCla ......... 

2*5 

4-8 

6*65 

8*3 

9*9 

(16*7) 

_ 

_ 

• - 

(2*TH 4 ) 2 S0 4 ... 

2-5 

4*75 

6*65 

8*5 

10*05 

17*9 

— 

— 

-- 

CoCl 2 . 

2*85 

5-15 

7*25 

9*25 

11*25 (20*7) 

— 

— 

— 

CaCI 2 .. 

2*85 

5*15 

7*25 

9*25 

11*25 (20*7) 

— 

- ■ 

— 

BaCL . 

2*85 

5*15 

7*25 

9*25 

11*2 

21*6 

— 

-- 

-- 

SrClj. 

2*85 

5*15 

7*25 

9*25 

11*2 

(21*6) 


— 

— 

MgCl* .. 

2*9 

5*25 

7*4 

9*5 

11-4 


— 


— 

k^o 4 . 

3*2 

5*5 

7*8 

100 

12*2 

— 

— 

'- 

— 

BeS0 4 ......... 

3*2 

5*8 

8*2 

10-4 

12*6 

— 

— 

— 

— 

CuS0 4 . .. 

3*2 

6*0 

8*7 

11*2 

13*6 

— 

— 

— 

— 

U£O t .. 

3*7 

6-7 

9*25 

11*7 

14*1 

— 

— 

— 

— 

NajSO. .. 

3^9 

7*1 

9*7 

12*4 

15*1 

_ 

_ 

_ 

_ 

zn§o 4 ......... 

3-7 

6*8 

9*7 

12*5 

15*3 

— 

_ 

-, 

_ 

aoSo 4 . 

3*7 

6*8 

9*85 

12*7 

15-7 

—^ 

■_ 

_ 

_ 

€dS0 4 . 

3*7 

6*8 

9*9 

12*7 

15*8 

— 

__ 

__ 

_ ' 

MgSO. ......... 

4*05 

7*3 

10*2 

13*2 

16*2 






4*1 

7*45 

10*6 

13*8 

17*1 





Molecular 








concentrations. 

0*005. 0*01. 

0*02. 

0*03 

1. 0*04. 

0*05. 

Sodium Citrate . 

2-95° 

6*1° 

8*9° 

12*65° 15*9° 

19*4° 

Cr s (S0 4 )j ....... 


3*5 

5*5 

10*0 

(14*6) 

— 

.— , 

....... 1 


3*9 

7*1 

13*2 

— 


— 

— - 

Ha 4 Fe(CN} 6 ..., 


4.4 

7-7 

(14-2) 

— 


— ■ 

— 


The formatioa of complex molecules and ions under varied 
conditions in different solutions will be dealt with in a subsequent 
communication. 

Gkemiad Action .—In some cases chemical action is evident. 
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Table II. 

Values of E. 


Molecular concentrations. 


Salt. 

0*01. 

. 0*02. 

0*03. 

0*04. 

0*05. 

0*10. 

0*15. 

0*20. 

0*30. 

!NH 4 F . 

— 

34° 

33° 

31*2° 

31*1° 

27-5° 

26° 

25° 

23-5° 

H060Ha. 

—, 

49 

47*7 

46*4 

45*6 

43*4 

41*9 

40-8 

39 

]ra 4 No s . 

— 

— 

— 

— 

(47*4) 

42*1 

39*7 

37-6 

33*5 

KaF .. 

— 

— 

58*0 

55*2 

54*0 

51*2 

49*4 

47*9 

45*2 

kcio s . 

— 

(66-4) 

63*0 

61*2 

59*6 

54*3 

50*8 

47-6 

-— 

kho 3 . 

— 

77*2 

72*0 

68*4 

65*9 

59*6 

55*6 

52*8 

(50) 

XI... 

' — 

— 

71*2 

68*6 

66*6 

59*7 

55*0 

52*2 

49*9 

m 4 Br . 

-— 

75-0 

72*7 

70*4 

68*6 

62*1 

57*9 

55*1 

51*9 

KBrO s .. 

— 

75*0 

73*0 

72*5 

70*0 

63*0 

58*0 

54*0 


Lil . 

— 

78-0 

74*8 

72*0 

69*6 

61-8 

57*4 

54*3 

(50*6) 

HC1 . 

— 

— 

80*5 

78*0 

75*5 

67*1 

61*7 

57*7 

53*8 

2sTH 4 C1 . 

— 

— 

(79-4) 

77*2 

75*6 

69*6 

65*6 

62*8 

(58*6) 

NaNOa. 

— 

79*7 

77*8 

76*4 

75*2 

70*8 

67*3 

64*8 

Kal . 

— 

81*0 

78*1 

76*0 

74*3 

68*2 

64*3 

61*6 

— 

KBr .. 

— 

— 

97*2 

92*0 

89*2 

79*8 

74*5 

71*6 

— 

KC1 . 

— 

106 

101 

97*6 

95*1 

86*5 

81*7 

78*4 

— 

MaBr .. 

— 

(116) 

111 

106 

103 

93*1 

86*8 

82*7 

— 

LiCl . 

— 

(124) 

116 

110 

107 

97*6 

92*4 

88*7 

(83) 

ma. .... 

— 


— 

— 

110 

100 

96*4 

93*7 

h 2 so 4 . 

157 

146 

139 

134 

130 

113 

. 

__ 

. 

Pb(NO s ) 2 . 

161 

149 

142 

137 

134 

121 

117 

(117) 

— 

£TaH Tartrate 

— 

— 

160 

153 

147 

133 (127) 

— 

Cd(NO») s ...... 

197 

181 

173 

166 

161 

— 

— 

— 

, .- 

Cddj .. 

247 

212 

198 

188 

180 

157 

— 



CuCI a . 

270 

242 

221 

205 

199 

171 

— 

- : 

-- 

(NH 4 ) 2 so 4 ... 

252 

230 

218 

209 

202 

176 

— 


-- ' 

C0C4 . 

— 

255 

241 

231 

223 

200 

' — 

-, 

— . 

CaCl 2 . 

— 

255 

241 

228 

221 

201 

— 

-- 

. -- 

BaCl. .. 

—_ 

25 5 

241 

228 

221 

204 

— 

— 

'- 

Srci 2 . 

— 

255 

241 

231 

223 

206 

■ — 

-. 

■— 

MgCl 2 . 

296 

262 

247 

237 

230 

207 

— 


— 

KjS0 4 .. 

326 

282 

269 

257 

248 

226 

— . 

— 

— 

BeS0 4 . 

318 

290 

273 

262 

254 

— 

— 

- , 

— 

CoS0 4 ... 

— 

304 

288 

278 

274 

(269) 

-— 

— 

— 

Li*SQ 4 . 

367 

332 

307 

294 

283 

(257) 

— 

— 

.—, 

Ha 2 S0 4 .. 

388 

350 

321 

308 

300 


— 

— 

— 

ZnSQ 4 . 

371 

339 

321 

311 

305 

— 

— 

— 

— 

CoS0 4 .. 

375 

348 

334 

323 

315 

— 

— 

— 

— 

CdS0 4 .. 

375 

348 

334 

323 

320 

■ — 

— 

— 

— 

MgS0 4 .. 

390 

357 

341 

329 

323 


— 

— 

— 

NiS0 4 . 410 

Molecular 

373 

354 

344 

340 





concentrations. 

0*005. 0*01. 

0 *02. 

0*03. 

0*04. 

0*05. 

Sodium Citrate 


S68 

° 510° 

455° 

416° 

* 396° 

388° 

Cr.(S0 4 ), . 


700 

550 

500 

487 


— 

—„ ‘ , 

NaWcaij, .... 


770 

720 

(660) 

— 


— 

—. 


872 

772 

*— 

— 


-' ' 

—■ / 


e.g., ■with, complex cobalt salts. In the case of sulphuric acid, the 
result is abnormally low, as will be seen, by comparing its 'vajssis:-. 


relative to those of sodium sulphate with the values ofhytho- 
chlorie acid relative to those of sodium chloride. It is posrib!© 


4 Q 2 
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that reaction with the phenol may have taken place to some extent 
even at the concentrations employed. (The possibility of the 
first stage of ionisation having taken place may also account for 
the low result.) In other cases, e.g., copper sulphate, the action 
is only very slight. Such salts are therefore included. 

Discussion. 

Retur ning to cases of apparently normal solution as given in the 
tables, no precise explanation can yet be offered of the numbers 
associated with different salts nor of their variation with con¬ 
centration. Previous results and those which follow become ex¬ 
plicable when interpreted on an hypothesis of hydration. Some 
light may be thrown on the question of the part played by the 
ions or the undissociated salt by experiments to be undertaken 
with the isomeric chromic chloride hexahydrates, which are sup¬ 
posed to give rise to different numbers of ions. At the present 
stage the following conclusions may be drawn : 

(1) Anions and kations may be arranged qualitatively in order 
of diminishing effect on C.S.T. 

Citrate, sulphate, hydrogen tartrate, chloride, bromide, bromate, 
nitrate — iodide, chlorate, formate. 

Ni, Mg, Cd, Co = Ba = Sr = Ca, Zn, Cu, Be, Pb, Na, Ii, K, NH 4 , H. 

(2) The effect of the anion is in general greater than that of the 
kation. 

(3) Definite values cannot be attributed to the ions, since the 
value is modified according to the identity of the other ion in the 
compound; e.g., values of E : Na—K, 8*5 from Nal—KI, 15 from 
NaCl—KC1, and 26 from |Na 2 S0 4 —IKsSO^ 

(4) The effect in general decreases with increasing atomic weight 
of the elements in the various groups of the periodic system, the 
first member, however, being always out of place: 

Na, Li , K; Mg, Ca = Sr = Ba, Be; Cl, Br, I, F . 

(5) If log e is plotted against log C, a series of parallel straight 
lines is obtained, i.e,, log e = b log <7 -f x or e = aC b i where 6 is a 
constant characteristic of the phenol-water system (actually its 
value varies between 0-83 and 0-87), and a is a specific constant 
for each salt,* The s im ilarity of this equation to that of the 
Preundlich adsorption isotherm may be regarded as supporting the 
suggestion of Hildebrand (“ Solubility ”) that the solution of one 
liquid in another is an extreme case of adsorption. It has already 
been shown (he. cii.) that if the anions are placed in the order of 
their effectiveness in raising the O.S.T., the series is almost identical 

3For salts which, lower the C.S.T., i.e., are soluble in both phases, the 
same equation applies, with a different value for b . 
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with the Hofmeister series for the coagulation of neutral egg- 
albumin. This further supports the view that the former pheno¬ 
menon may be associated with adsorption. 

East London College, 

University of London* [Received, July 28th, 1925.] 


CCCLIL —Studies of Equilibrium in Systems of the 
Type A1 2 (S0 4 ) 3 -M"S0 4 -H 2 0. Part II. Aluminium 
Sulphate-Nickel Sulphate-Water at 30°. 

By Robebt Mabtin Cavers and Thomas Coblett Mitchell. 

As events have arisen which will prevent the continuance of this 
work by one of the authors, it has been decided to publish the results 
obtained to date. The present contribution is a continuation of 
work already reported (this vol., p. 527). 

The equilibrium mixtures were obtained in a maimer similar 
to that used in the preparation of those for the manganese 
system. 

Weighed amounts of the solutions and moist solid phases were 
then made into solutions measuring known volumes, from which 
aliquot portions were removed for analysis. 

Nickel was estimated with potassium cyanide, with silver iodide 
as indicator (Moore’s method), and aluminium was calculated after 
determination of the total sulphate. 

During the estimation of nickel, aluminium was kept in solution 
by dissolving in ammonia the precipitate formed by addition of 
sodium pyrophosphate to the mixture (vide Sutton’s “ Volumetric 
Analysis,” 1924, p. 278). 

At first some difficulty was experienced, the tendency for false 
end-points to occur (see Sutton) followed by development of 
opalescence on standing being decidedly troublesome. The follow¬ 
ing procedure, however, proved extremely satisfactory and enabled 
trustworthy results to be obtained quickly and with regularity. 

To an aliquot portion of the mixed solution sodium pyrophos¬ 
phate was added until the precipitate first formed began to redis¬ 
solve. The precipitate was then completely dissolved by the 
addition of excess of ammonia; the resultant solution was diluted 
to working volume, and the ammonia almost neutralised with 
dilute sulphuric acid, leaving the solution faintly ammoniacal. 
The titration was then carried out in the usual way, 

The quantities in the table are expressed as g. per 100 g; 
solution (for the solutions) or of moist solid (for the rests)* 
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ai 2 (so 4 ) 

Solutions. 

s . NiS0 4 . 

H a O. 

A1 s (S0 4 )„. 

Rests. 

NiS0 4 , 

h 2 o. 

Solid phase. 

28*86 

Nil 

71*14 

— 

— 

— 

Aluminium sulphate. 

25*87 

4*74 

69*39 

48*71 

0*82 

50*47 


21*95 

10*87 

67*18 

49*81 

0*51 

49*68 

>9 

21*30 

12*91 

65*79 

29*99 

9*91 

60*10 

99 

20*79 

13*29 

65*92 

4*03 

55*40 

40*57 

Nickel sulphate. 

15*29 

17*53 

67*18 

3*01 

52*17 

44*82 

8*70 

22*56 

68*74 

0-35 

55*89 

43*76 

99 

7*34 

23*58 

69*08 

M3 

52*70 

46*17 

99 

5*29 

26-03 

68*68 

0*45 

57*65 

41*90 

99 

Nil 

30*77 

69*23 

— 

.— 

— 

99 

* This solid phase 

1 was separated very near to 

the triple point and appears 

to contain some nickel as well as aluminium sulphate. 



Conclusion .—There is no evidence of double salt formation 
between aluminium sulphate and nickel sulphate in solution at 30°. 


The authors desire to express their thanks to the Governors 
of the Royal Technical College for assistance that has enabled one 
of them (T. C. M.) to participate in this research. 

'« 

The Royal Technical College, 

Glasgow. [Received, September 24 ih , 1925.] 


COCLIEL —The System Silver Sulphate-Aluminium 
Sulphate-Water at 30°. 

By Robert Martin Caven and Thomas Corlett Mitchell. 

The present communication deals with an attempt to settle the 
question of the existence of silver alum. 

Previous investigators are not in agreement; for whilst Kern 
(Chem. News , 1875, 31, 209) claims to have made typical crystals 
of silver alum, Ag 2 S 0 4 , A1 2 (S0 4 ) 3 j 24H 2 0, by evaporation of a mixed 
solution of the component salts, and Church and Northcote (ibid 
1864, 9,155) describe its preparation by heating a mixture of silver 
sulphate, aluminium sulphate, and water in a sealed tube until all 
the silver salt dissolved, Wilkie, in this laboratory, has repeated 
both methods without success. 

methods were employed in making up the equilibrium 
mixtures. In the first, recrystallised silver sulphate was stirred 
<x>ntinuously for several days with a solution of aluminium sulphate 
in a them 

The second method consisted in evaporating isothennally, with 
the aid of a current of filtered air, a mixed solution of the con¬ 
stituents. The mixture was stirred while evaporation was going 
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on, and for 2 days after a sufficient quantity of solid phase had 
accumulated. 

The solution and solid phases were separated in the usual way, 
weighed, made up to known volumes, and aliquot portions taken 
for analysis. 

Silver could not be estimated by simple precipitation of the 
chloride, as it was found that silver chloride dissolved in aluminium 
chloride solution on heating—indeed, if hydrochloric, acid was 
used to precipitate the silver, considerable quantities of silver 
chloride could be dissolved. It is hoped later to investigate this 
phenomenon; meantime attention is directed to the great tendency 
to form double salts in the anhydrous state exhibited by aluminium 
chloride and described by Baud ( Compt. rend., 1901, 133, 869; 
Ann. CMm. Phys., 1904, 1, 8) and Kendall, Crittenden, and Miller 
(J. Amer. Ghem. Soc., 1923, 45, 963). 

Silver was estimated by electrolysis of the double cyanide solution 
as recommended in text-books on electro-analysis. The aluminium 
was subsequently estimated by precipitation as hydroxide after 
the destruction of the cyanide by heating with sulphuric acid. 


Mols. Ag 2 S0 4 per Mols. AI 2 (S0 4 ) 3 per 

1000 g. HjjO. 1000 g. H 2 0. Solid phase. 


0*0285 

0*0292 

0*0304 

0*0306 

0*0306 

0*0308 

0-0310 

0*0314 

m 


m 

0-0777 

0*1449 

0*3026 

0*5114 

0*8153 

0*9210 

1*276 

1*187 


Ag 2 S0 4 


|0 4 4* i ^(S0 4 ) s , 18H s ° 

SOiJjj 18H a O 


The continuous increase in the solubility of silver sulphate was 
most marked, but seems in no way extraordinary in view of the 
results for the systems silver sulphate-potassium sulphate, silver 
sulphate-ammonium sulphate, and silver sulphate-sodium sulphate 
recorded by Barra (Ann. Ohim., 1911, 24, 149, 202, 210; Compt . 
rend., 1910, 150, 1323). Ephraim and Wagner (Ber., 1917, 50, 
1103) found as the xesult of a single determination, that silver 
sulphate was more soluble in aluminium sulphate solution than in 
water. 

Conclusion .—From the results obtained it is evident that silver 
sulphate and aluminium sulphate do not form a crystalline alum 
from mixtures of their solutions at 30°. . 


Tee Royal Technical College, 
Glasgow. 


[Received, September 24th, 
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CCCLIV .—Investigations on the Dependence of Rotatory 
Power on Chemical Constitution. Part XXVII. 
The Optical Properties of n-Alkyl p-Toluene - 
sulphinates. 

By Henby Phillips. 

Optically active alkyl p -toluenesulphmates can be prepared by 
methods described in this communication. This discovery is 
difficult to reconcile with the formula B0 , S(!0) , C 7 H 7? by which 

the constitution of these esters is indicated by the classical theories 

+ — 

of valency. It will be suggested that the formula R0*S(*0)*C 7 H 7 , 
assigned to these esters by the later electronic theories of valency 
is more in agreement with the new results. It will then be deduced, 
from a consideration of the known constitutions of other optically 
active compounds, that the newly discovered asymmetric complex 
is associated with an atom, in this instance a sulphur atom, bearing 
a positive charge and in combination with three different groups or 
atoms. It will be pointed out that this deduction has a bearing 
on the' phenomenon of complex rotatory dispersion exhibited 
by the esters of carboxylic acids derived from optically active 
secondary alcohols. 

The asymmetric sulphinic ester molecule has also been shown 
to possess a certain mobility, since ff-toluenesulphinic esters of 
Z-P-octanol and of ^-menthol which contain the _p-toluenesulphinoxy- 
radieal in an optically active state exhibit marked mutarotation. 

Evidence is also given that, when an ester of p -toluenesulphinic 

acid undergoes alkyloxy interchange, OS<Cq —>0*S<Cq g , the 

optically active ester produced has the opposite configuration to 
that of the original ester. The system, newly discovered to be 
asymmetric, thus appears capable of undergoing a reaction which 
is an analogue of the Walden inversion in optically active carbon 
compounds. 

The asymmetric character of the -toluenesulphinic ester mole¬ 
cule is destroyed on oxidation, and the chemical character of the 
p-toluenesulphonic ester produced differs considerably from that 
of the parent ester. This difference is illustrated by a description 
of certain reactions of the p-toluenesulphonie esters of Z-(3-octanol 
and of ^menthol which lead to the formation of esters of i-P-octanol 
and of dkz^traienihol, respectively. 
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Preparation and General Properties of p - Toluenesulphinic Esters , 

The literature dealing -with the preparation of esters of the 
aromatic sulphinic acids is confined to a few papers by Otto and 
Bossing 1885, 18, 2439; 1886, 19, 1224); these authors 

prepared their esters by the interaction of the sodium salts of the 
acids with the chlorocarbonates of the alcohols. Owing to im¬ 
purities arising through the occurrence of side reactions, the esters 
could not be distilled and possibly methyl g-naphthalenesulphinate 
(Ber., 1892, 25, 230), which is a solid, is the only pure ester of a 
sulphinic acid which has hitherto been described. 

The p-toluenesulphinic esters used in this investigation were 
prepared by the direct action of p-toluenesulphinyl chloride on the 
alcohols, potassium carbonate or pyridine being used to remove the 
hydrogen chloride eliminated. Z-Menthyl and Z-g-octyl p-toluene- 
sulphinates were also prepared by the displacement of the ethoxy- 
group of ethyl p-toluenesulphinate by warming that ester with the 
alcohols under reduced pressure. The p-toluenesulphinates of the 
lower aliphatic alcohols and of Z-g-octanol were obtained as colour¬ 
less liquids which did not crystallise when cooled by liquid air. 
The crude esters can be distilled at very low pressures, but show 
some tendency to decompose. On redistiilation, this tendency is 
less marked, but is regained when the redistilled ester is kept in a 
closed glass vessel for several days. When exposed to moist air, they 
are oxidised slowly and are partly hydrolysed, depositing crystals of 
^-toluenesulphinic acid. They can, however, be readily oxidised 
to the corresponding sulphonates by potassium permanganate. 

The Preparation of the n -Alkyl Esters of -^-Toluenesulphinic Acid in 
an Optically Active State. 

The method adopted was to heat gently a mixture of two mole¬ 
cular proportions of the optically inactive ra-alkyl ester with one 
of Z-g-octanol, under reduced pressure; the mixture of a Isevo- 
rotatory ra-alkyl jp-toluenesulphinate and a Isevorotatory g-octyl 
p-toluenesulphinate produced could be separated by systematic 
fractional distillation at very low pressures. In this maimer, using 
optically inactive ethyl ^-toluenesulphinate with rig* 1*5309, 
Isevorotatory ethyl ff-toluenesulphinate was separated with rig* 
1*5309 and a^ l —6*72°.* As is to be expected, alcoholysis f of 

* In the theoretical part of this paper, all observed rotations are quoted 
for comparative purposes as if obtained in a tube of 1 dcm. 

■f Treatment with a solution of potassium acetate in an excess of anhydrous 
ethyl alcohol. The potassium acetate was added in order to contrast its 
behaviour towards ethyl-alcoholic solutions of p-toluene-sulphinic and 
-sulphonic esters. 

4q* ■ 
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the Isevorotatoiy p-octyl p-toluenesulphinate simultaneously 
produced gave dextrototatory ethyl p -toluenesulphinate, with 
nf 1*5309 and cc^i + 0*92°. 

It was not found possible by mixing (a) Z-p-octanol or ( b) lsevo- 
rotatory p-octyl p-toluenesulphinate with inactive ethyl p-toluene - 
sulphinate to prepare solutions which would imitate in refractive 
index as well as in rotatory power the Isevorotatory ethyl ester 
described above, Further, this ester on oxidation gave a quanti¬ 
tative yield of the optically inactive ethyl jp-toluenesulphonate. 

By a similar method to that outlined above, using optically 
inactive ft-butyl ^-toluenesulphinate with ftf* 1-5195, a laevorotatory 
ji-butyl p-toluenesulpbinate was isolated with n §* 1*5195 and 
a^i — 3*46°, and by the alcoholysis of a highly lsevorotatoiy menthyl 
p-toluenesulphinate a dextrorotatory ethyl p -toluenesulphinate was 
obtained with ftf’ 1-5309 and afJJj -f 16*52°. 

Since the ft-alkyl ^ 9 -toluenesulphinates have thus been obtained 
in optically active forms, p-toluenesulphinyl chloride also may 
exist in enantiomorphous modifications. 

Some evidence of this was obtained by treating two molecular 
proportions of p-toluenesulphinyl chloride with one molecular 
proportion of either Z- p-oetanol or of Z-menthol in solution in pyridine, 
when the resulting mixture apparently contained the excess p-toluene- 
sulphinyl chloride in an optically active condition; for when such 
mixtures were treated with aniline, p -toluenesulphinamlide was 
obtained with a small Isevorotatory power. Further, after treat¬ 
ment of similar mixtures with a solution of ethyl alcohol in pyridine, 
although in two experiments the ethyl ^-toluenesulphinate finally 
isolated was optically inactive, in a third experiment an impure ethyl 
ester was obtained which was dextrorotatory. 

The Conditions underlying the Asymmetry of an Atom in Combination 
with Three Different Groups or Atoms. 

The discovery that the ft-alkyl jp-toluenesulphinaies can be 
obtained in an optically active state throws a new light on the 
factors which are associated with the occurrence of asymmetry in 
a molecule made up of an atom in combination with three different, 
groups or atoms. Before these factors can be determined it is 
necessary to indicate briefly those concepts of the electronic theory 
of valency, as developed by Sir J. J. Thomson, Lewis, Kossel, 
Lan g muir, and others, which are now adopted to derive a con¬ 
stitutional formula for sulphinic esters more amenable to treatment 
from the point of view of the classical theories of stereochemistry 
than the usually accepted formula, RO*SGO)*C 7 H 7 . They are 
(a) that the chemical properties of the elements of the first two 



POWER OK CHEMICAL CONSTITUTION. PART XXVII. 2555 


short periods of the Periodic Table can be explained by their 
tendency to give - up or to share electrons until the arrangement 
and number of electrons in their valency shells attain those existing 
in the inert gases, (6) that the manner of their sharing or taking up 
of electrons is defined by the terms covalency and electrovalency. 
An additional proviso (compare Lowry, Trans . Faraday Soc., 1923, 
18, 285) is made, that, should one atom contribute both electrons 
to the formation of a duplet by which its union with another atom 
is typified, such an arrangement would give rise to a so-called 
“ semipolar ” double bond, or, in other words, a covalency and an 
electrovalency. The centres of combined atoms will, however, 
still be considered to occupy those positions to which they have so 
far been allotted by the classical stereochemical theories, e.g., the 
centres of the atoms united by four covalencies to a carbon atom are 
at the corners of a tetrahedron which circumscribes that atom, but 
the position of the electrons which form the covalencies need not 
be necessarily situated or fixed on the lines joining the centre of 
the carbon atom to the centres of the other four atoms. 

In the “ electronic ” formula for ethyl p -toluenesulphinate given 
below, it is desired to direct particular attention to the valency 
electrons of the sulphur atom and they are therefore represented as 
crosses. Electrons in the completed outer shell of this atom which 
are contributed by the atoms with which it is united are signified 
by the conventional dot, as is also that particular sulphur electron 
which virtually acts as an oxygen electron on the formation of the 
u semipolar 55 double bond. 


o ; c 2 h 5 

0*S* + or 

x* 

c 7 h 7 


_ O-Cft 

o—s + 
c 7 h 7 


Experimental evidence was lacking for the postulated existence of 
a covalency and an electrovalency between the sulphur and sulphoxyl 
oxygen atoms, but has been obtained in the following manner. 

Sugden (J., 1924, 125, 1177), using the relation between surface 
tension and density discovered by Maeleod {Trans. Faraday Soc., 
1923, 10, 36), makes a comparison of the molecular volumes of 
liquids at temperatures at which they have the same surface tension; 
such molecular volumes, or parachors, P, being defined by the, 
equation P = MjD .y VA , in which the symbols have their usual 


The parachors of elements can be deduced from molecular 
parachors, on which the effect of unsaturation is great; thus the 
double bond between carbon and carbon, oxygen and carbon, or 
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nitrogen and oxygen has the value 23-2. More recently, Sugden, 
Reed, and Wilkins (this vol., p. 1525) have shown that, in a series 
of compounds the accepted formulae of which contain double 
bonds which on the formulation of Lowry ( loo . cit.) would be 
more accurately represented by a covalency and an electrovalency, 
the parachor of such linkings is —1-6, P for a “ semipolar ” double 
bond is therefore —1*6. 

Dr. Sugden kindly undertook the determination of the parachor 
of ethyl j^-toluenesulphinate with wg* 1-5309, d 2 f LI 14. His deter¬ 
minations are recorded in Table III (p. 2570). The observed 
parachor, 410*3, agrees very closely with the parachor of 410*7 
calculated on the assumption that the bond between the sulphur and 
sulphoxyl oxygen atom is fiC semipolar ”; if it were a non-polar 
double bond the calculated parachor would be 435*5. 

Having thus rendered very probable the existence of a ee semi¬ 
polar ’’bond in the formula of the ester given above, an attempt can 
now be made to pick out the essential conditions underlying the 
asymmetry of the sulphur atom it contains. This can best be done 
by setting out these supposed essential conditions and adding to 
or subtracting from their number those conditions which a study 
of other known asymmetric systems indicates are wanting or 
unnecessary. 

As a preliminary hypothesis, the following could be adopted— 
that the sulphur atom is asymmetric since it has three different 
groups attached to it, and possesses a “lone pair ” of electrons which 
renders the system analogous to that by which an asymmetric 
carbon atom is surrounded. If this be true, then the optical activity 
shown by the d-methylethylthetine i-camphorsulphonate (I) of 
Rope and Peachey (J., 1900, 77, 1072) may be partly due to the 
same cause. 

CH 2 -C0 2 H -j 

c * + o*so 2 -c 10 h 16 o (i.) 

ch 3 j 

The structural resemblance between the positive ion of this salt 
and ethyl p-toluenesulphinate is striking. The above formulation 
also explains why the ^-camphorsulphonoxy-ion can be readily 
replaced by others without the raeemisation which so often accom¬ 
panies the replacement of groups attached to an asymmetric carbon 
atom. This activity of the positive methylethylthetine ion not only 
agrees with the preliminary hypothesis, it also sanctions the dismissal 
of a further possible condition of asymmetry—namely—that one 
of the three groups attached to the central atom should carry a 
negative charge. This simplification is necessary in order that the 
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lack of asymmetry of tervalent nitrogen can be considered. Ter- 
valent nitrogen, indeed, satisfies all the conditions laid down in the 
preliminary hypothesis, and yet all attempts to resolve substituted 
ammonias or unsymmetrical hydrazines (II) have been unsuccess¬ 
ful (Reychler, Bull. Soc. chim., 1902, 27, 979; Jones and Millington, 
Proc. Camb. Phil . Soc., 1904,12, 489). 

The failure, in spite of numerous attempts during the last thirty 
years, to accomplish the resolution of a compound the asymmetry 
of which could be associated with a tervalent nitrogen atom, has 
led Meisenheimer (Ber., 1923, 56, 1353) to the conclusion that such 
an atom cannot give rise to an asymmetric molecule. 

To bring the preliminary hypothesis into line with Meisenheimer’s 
conclusion, it can be amended as follows—a sulphur atom, or any 
other atom, is asymmetric when it is attached to three dissimilar 
groups, is in possession of a lone pair of electrons, and carries a 
positive charge (or alternatively has lost an electron). If such a 
system be represented graphically in three-dimensional space on the 
lines of the classical theory of van 5 t Hoff (III), it becomes apparent 
that the amended hypothesis may contain one unnecessary condition, 
namely, the possession by the atom of a lone pair of electrons. 


Ri 


HB 

•X 

• ' X 
X. 

ilo 


2 


(II.) 



(ill.) 


A + 



(VII.) 


For if it remained a necessary condition, a consideration of 
demonstrated asymmetry associated with quadrivalent systems 
indicates that the presence or absence of a positive charge is im¬ 
material. 


(IV.) 



9A 

CH a —N—OH O-SO 2 -C 10 H 15 O (V.) 


■He 


' <pH 5 

C 6 H 5 *CH—N—CH s O-SO 2 -C 10 H 15 O (VI.) 

OH a -CH:CH a J 

The asymmetry of the carbon atom in (IV) and of the methyl- 
ethylanilineoxonium ion (V), shown to exist in optically activeforms 
by Meisenheimer (J3er., 1908,41,3966; 1909,42,303; Annalen, 1911, 
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85,117) and formulated as above by Lowry (Trans. Faraday Soc 
923, 19, 488), supports this contention, as also does that of the 
-phenylbenzylallylmethylammomum ion (VI) discovered by Pope 
nd Peachey (J., 1899, 75, 1127). Prom these considerations it 
herefore appears that the possession of a lone pair of electrons is 
i no way associated with the asymmetry under discussion, but 
hat when a tercovalent atom is asymmetric, it must carry a 
iositive charge. 

Since the presence of this positive charge appears to be essential, 
he tercovalent atom cannot occupy the centre of the asymmetric 
ystem. It must be ex-centric; otherwise its presence would be 
cnmaterial, as is made obvious by a survey of compounds con- 
aining asymmetric quadricovalent atoms. 

The hypothesis finally decided upon is therefore—that an atom 
an be asymmetric if it is attached to three dissimilar groups and 
arries a positive charge, i.e., has lost an electron. Such an atom 
ould be considered as occupying the apex of a tetrahedron, at the 
>ther three corners of which lie the three dissimilar groups (VII). 

Essentially then, the hypothesis advanced is that of van ? t Hoff 
1878) when speculating on the stereochemical possibilities of 
litrogen compounds in his “ Ansichten fiber die organische Chemie, 5 ’ 
vith the added proviso that the atom should bear a positive charge. 
Werner also (“ Lehrbuch der Stereochemie,” 1904, p. 317) has drawn 
i sharp distinction between the asymmetry of quadrivalent carbon 
sompounds and that of the sulphur compounds of Pope and Peachey 


/Ri 


md Smiles. Werner considered that the system was 

\R3 


asymmetric, the four atoms being at the corners of a tetrahedron, 
and that in the asymmetric sulphur '(or selenium) compound the 
fourth group was co-ordinated with the sulphur atom. 

The deduction that the tercovalent atom should be positively 
charged is of great interest, since it indicates that one valency 
electron (or possibly two) in the molecule is subjected to influences 
which may leave its companions unaffected. This might give rise 
to dissymmetry of the orbits or vibrational frequencies amongst the 
electrons of the molecule, assumptions which have been employed 
by physicists in theoretical studies of optical activity. 


A Possible Came of the Complex Potatory Dispersion exhibited by 
Esters derived from Optically Active Secondary Alcohols and the 
n-AKphatic Carboxylic Acids. 

In Part V (J., 1914, JOS; 830) etseq. of these investigations it was 
suggested that the complex rotatory dispersion exhibited by the 
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carboxylic esters of optically active secondary alcohols was due to 
the existence within the apparently homogeneous ester of two 
isodynamic forms possessing rotatory powers of opposite sign and 
different rotatory dispersive powers. As a preliminary hypothesis, 
the two isodynamic forms were written 


E-c/° 

\OE x 


E-c/n 


^cSb* 

'QH 


being based on an alternative formula, -C<Cn , for the carboxyl 


group suggested by Smedley (J., 1909, 95, 931). 

Written as above, it is difficult to imagine why the isodynamic 
forms of the ester should have different signs of rotation, this being 
considered essential to account for the success with which the 
rotatory dispersion curves of these esters can be reproduced by 
Drude equations containing two terms of opposite sign. 

If, however, the conclusion drawn in the preceding section is 
correct, an alternative formulation of the isomeric forms of carboxylic 
esters is possible which indicates, as in the case of sulphinic esters, 
that an. additional centre of asymmetry may be present. For 
example, Z-p-octyl acetate could be written 


l an. 




d . 


^h/ 

- V 

o—o+ 

CH* 


CH* C 6 H 13 \^ h/ ,CH 3 

" HL = 


= +?-5 

c ® 2 


l. 


Thus the ester itself is to be considered capable of assuming an 
asymmetric structure in which the carbon atom of the carboxyl 
group is in combination with three different groups and is positively 
charged. This new asymmetric centre will, however, show, as far 
as our present ideas would lead us to expect, a fleeting and variable 
rotatory power, since the equilibrium (to which a one-sidedness .is 
imparted under most conditions by the imposition on the molecule 
of that configuration with which the active oetyloxy-group desires 
to be associated) could be rapidly readjusted by the addition or 
withdrawal of two oxygen electrons from the valency shell of the 
carbon atom. Such lability of activity is in agreement with the 
failure to detect any lag in the return of the rotatory powers of such 
esters to their original values after the presumed disturbance of the 
equilibrium between the three forms, or their suppression or modi¬ 
fication, e.#., by heat, solvation, etc. ^ : : 

The assumed existence of two enantiomorphous fonhsv 
carboxylic ester together with a third form which is truly ketonio 
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receives some support from the observations of Sugden (Zoo. cit.)> 
who finds that some anomaly in the usually accepted constitution of 
these esters is reflected in their parachors. It should be mentioned 
also that Lowry and Walker {Nature, 1924,113, 565) consider that 
chromophoric groups in asymmetric molecules, such as the ketonic 
group in camphor, exhibit fi< induced asymmetry.” Further, Lowry 
and Cutter (this vol., p. 609) suggest that “ the complex dispersion, 
which so often appears on passing from an optically-active alcohol 
to its esters, may be due to the development of a partial rotation of 
opposite sign in the carbonyl radical of the unsymmetrical molecule, 
just as in the case of camphor.” 

The Mutarotation of the p -Toluenesulphinie Esters of 1 -$-0ctanol and 

of l-Menthol . 

The mobility of the alkyl p-tohienesulphinates has been studied 
by an investigation of the p-toluenesulphinic esters of Z-p-octanol 
and of Z-menthol. 

It was found that the Z-[3-octyl esters of p-toluenesulphinic acid, 
produced by the three methods outlined in a previous section, had 
rotatory powers of different magnitude. This can only be ascribed 
to the influence of the asymmetric acid radical. Thus when 
approximately molecular proportions of the Z-alcohol and the 
sulphinyl chloride were allowed to react in ethereal solution and 
potassium carbonate was employed to remove the hydrogen chloride, 
the laevorotatory ester isolated had ocff — 22*0°. When pyridine 
was used in place of potassium carbonate, the rotatory power of 
the ester obtained was of the order aJJSi — 6*0°. Further, the ester 
obtained by the displacement of the ethoxy-group of ethyl p-toluene- 
sulphinate had o$f 6l — 25-0°. 

When such esters had been twice distilled quickly, they could 
W redistilled slowly without more than traces of decomposition. 
Bspedally was this true of the ester prepared by the displacement 
method. It was found that when this ester was slowly redistilled it 
could foe separated into fractions with widely different rotatory 
powers, indicating that Z-(3-octyl l-p -toluenesulphinate could be 
separated from Z-p-octyl cZ-p-toluenesulphinate by fractional dis¬ 
tillation at very low pressures. 

A remarkable fact about such distillations was that, if the ester 
was redistilled slowly and as far as possible completely, its rota¬ 
tory power increased by af^ — 2-0°. Indeed, by this means Z-p- 
octyl Z -j~ (ZZ-p-toluenesulphiuate was obtained with — 68*14°. 
This result suggests that during redistillation dextrorotatory 
Z-p-octyl eZ-p-toluenesulphinate changes into laevorotatory Z-p-octyl 
Z-p-toluenesulphinate. When, however, Z-p-oetyl Z + dZ-p-toluene- 
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sulphinate was heated under the same low pressures used during 
these fractionations, but at temperatures just below those at which 
distillation occurred, its rotatory power was unaltered at the end 
of 2 hours. It is suggested tentatively, therefore, that the observed 
increase in rotatory power during slow distillation is due to the loss 
of a small quantity of dextrorotatory Z-(3-octyl ^-^-toluenestdphinate 
which, having a higher boiling point, predominates in the ester 
moistening the flask at the end of the distillation. The evidence 
obtained from the experiment described, however, is not conclusive, 
since the ester did not pass through the vapour state before its 
rotatory power was redetermined. 

On fractional distillation of a kevorotatory [3-octyl ^-toluenesul- 
phinate, with <4m — 5*86°, prepared directly from Z-P-octanol by its 
interaction with jp-toluenesulphinyl chloride in presence of pyridine, 
the extreme fractions had — 23*30° and oc^ a +15-28°, respec¬ 
tively, the dextrorotatory ester doubtless being Z-(3-octyl d+dZ-#- 
toluenesulphinate. 

The interconvertibility of Z-P-octyl -toluenesulphinate and 
Z-P-octyl Z-^-toluenesulphinate with rotations of opposite sign is 
suggested by the results of the distillations and rendered more prob¬ 
able by the marked mutarotation which the esters displayed. Indeed 
all specimens on keeping, even that with qjj# + 15-28°, eventually 
reached a constant value of approximately ago — 19-0°, 

In Table I are recorded the changes in rotatory power with time 
of (A) an ester ^prepared from Z-p-octanol and the sulphinyl chloride 
in presence of pyridine, and (B) an ester obtained by the displace¬ 
ment of the ethoxy-group of ethyl ^-toluenesulphinate. 


Table I. 

Mutarotation of Lcevorotatory p -Toluenesulphinatee of 1-p -Octanot. 



A 





B 


Time in 

28* 

<*5898. 



Time in 



04359. 

hours. 

«* 

<*5461* 

28* 

04859* 

hours. 

05893- 

05461- 

— M 

—5-98° 

—7*56° 

-12*16° 


-21-16° 

* _ 

— 

91 

6-46 

7-74 

12-93 

96 

20-98 

-24*92° 

-45*68° 

236 

7*86 

9*28 

15*82 

221 

20*46 

24*38 

43-70 

405 

11*94 

14*20 

25*42 

341 

19*88 

24-30 

43*42 

570 

15*58 

18*24 

33*04 

530 

18*62 

22*34 

40-22 

666 

16*38 

19*28 

33*84 

676 

17*82 

21*44 

38*88 

787 

16*36 

19*36 

35*84 

839 

16*82 

20*44 

36*96 

912 

16*06 

19*60 

35*36 

1031 

16*42 

19*72 

35*50 

1121 

16*08 

19*54 

35*50 

1222 

16*06 

19*68 

35*42 

1433 

16*04 

19*66 

35*20 

1541 

16*08 

19*62 

35*14 


* UOt 


The curves obtained by plotting the above data are of a complex 
character? and do not agree with a monomoleoular law. They have 
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not so far been submitted to mathematical analysis, since it is not 
yet known how far they represent only mutarotation (i.e., inter¬ 
conversion of the dextrorotatory and Isevorotatory forms of the ester) 
as distinct from hydrolysis, oxidation by contact with the air, and 
decomposition or polymerisation of the possible intermediate form 
or forms, during the prolonged period the esters were under observa¬ 
tion. Such doubts have arisen because, on attempted redistillation 
of esters the rotatory powers of which have reached the equilibrium 
value, small quantities of p-octanol can be recovered prior to the 
obvious decomposition which generally ensues. 

That oxidation alone could account for the observed mutarotation 
is a view which can be dismissed, as the rotatory power of the 
sulphonic ester (the most likely oxidation product) is but half that 
of the equilibrium mixture. Considerable experimental evidence 
in support of the view that some interconversion of the dextro¬ 
rotatory and lsevorotatory forms of the ester takes place is supplied 
by the mutarotation data of a dextrorotatory ^-toluenesulphinate 
of Z-p-octanol (Z-p-octyl d + dZ-jp-toluenesulphinate) recorded in 
Table II. 

•Table II. 

Mutarotation of a Dextrorotatory j>-Toluene$ulpMnate of l-fi-Octanol. 


Time in 



* 


hours. 

25* 

25* 

Ofi481* 

25* 

<14359- 

26* 

— 

4-13-34° 

4-15-2S 0 

4-31-48° 

1*5055 

240 

8-46 

10-38 

21*50 

1*5052 

408 

2-44 

3-18 

8-14 

1*5050 

600 

—10-34 

-11-90 

-20-98 

1-5048 

744 

13-36 

16-18 

28-68 

1-5047 

911 

15-96 

19-36 

34-56 

' ‘— ■ 

935 

— 

— 

— 

1-5044 

1106 

16-28 

19-50 

35-06 

1*5042 

1443 

15-84 

19*12 

34-12 

1*5035 


The preliminary experiments which have been made with the 
y-toluenesulphinyl derivative of Z-menthol confirm and emphasise 
the correctness of the above conclusions. The lsevorotatory 
modification of this ester has been prepared with a rotatory power 
in acetone solution (c = 2*5) of [a]^ — 240°, and the dextrorotatory 
modification with [a]^ + 35°. The dextrorotatory form (Z-menthyl 
d 4* (ZZ-p-toluenesulphinate) was an oil which, after standing in a 
closed glass vessel for 91 days, changed to a crystalline mass of 
Z-menthyl f +• dZ-jp-toluenesulphinate with [<*]$£* — 187-6°. 

, The Meehmism of the Mutarotation. —The mechanism of the 
change Z-p-octyl <Z-p-toluenesulphinate =^= Z-p-octyl Z-p-toluene- 
sulphinate is obscure, especially as it proceeds in the absen'ce of 
solvents. This suggests that it is intramolecular in character and 
possibly is due to the valency shells of the atoms which'make up 
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the ester being able to adopt an alternative configuration. This 
might occur by the sulphur atom sharing its “ lone pair ” of electrons 
with the carbon atom through which it is attached to the toluene 
ring. A readjustment of the valencies of that ring would ensue, 
leaving the para-carbon atom with a completed valency shell and 
therefore with a negative charge.* The sulphur atom would 
acquire an additional positive charge. 


I, O'CgH^ 

i ojs*+ 

•X 

\ch 
h\ C/ /OH 

!H a 


l. OC 8 H 17 
OxS+4- 

•X X* 

/°\ 

w V 

HC\.. /CH 
OH. 


0*0 8 H 17 l. 
+ ^SiO d. 

*c 

HC^ Niff 
H<X /CH 

X 


Such a mechanism would be impossible in either Z-p-octyl 
benzoate f or octyl jp-toluenesulphonate, in neither of which, 
nor indeed in any optically active benzoate or sulphonate, has muta- 
rotation been detected. The suggested mechanism would also 
account for the observed racemisation of optically active ethyl 
jp-toluenesulphinate. 


The Optical Inversion of p - Toluenesulphinic Eaters which contain an 
Asymmetric Sulphur Atom . 

When lsevorotatory (3-octyl ^-toluenesulphinate is prepared from 
molecular proportions of ethyl jp4oluenesulphinate and Z-p-octanol, 
it has aJS, — 26°. When two molecular proportions of the ethyl ester 
are used and one of I-p-oct&nol, it has — 34° and the ethyl 
jpftoluenesulphinate remaining is lsevorotatory. 

Further, the alcoholysis of a lsevorotatory p-octyl p-toluene- 
sulphinate with ajgjj —36° gives a dextrorotatory ethyl ^-toluene- 


* The mechanism suggested differs from the tautomerism of phenol, 

y CH==CH v 

>CH 2 , which is indicated by the 
\CH=CHy 

identity of benzoquinonemonoxime and p-nitrosophenol, and for which 
much other chemical evidence is reviewed by Ingold (J., 1922, 121, 1139), 
only in the supposed absence of a mobile hydrogen atom. Its validity 
could of course be tested by an investigation of esters of alkyl-sulphinic acids 
when suitable methods have been found for the preparation of these compounds 
in a state of purity. 

t The possibility that Z-/3-octyl benzoate does show slow mutarotation : dr 
that it can exist in two relatively stable modifications of opposite rotatory 
power is remote. Widely different methods have been used in this laboratory 
for its preparation, and it has been fractionally distilled without marked 
alteration in its rotatory power, which rapidly reached a constant value- 
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sulphinate and Z-(B-octanol. These two products apparently react 
to some extent while being separated by fractional distillation, 
giving a small quantity of a lasvorotatory p-oetyl jp-toluenesulphinate 
with aJgj — 62°. 

A consideration of these results led to the conclusion that if 
dextrorotatory ethyl ^-toluenesulphinate has the “ d ” configuration, 
then Z-(3-octyl d^-toluenesulphinate has a higher leevorotatory 
power than Z-p-octyl Z-^-toluenesulphinate. It was felt that this 
conclusion was incorrect and that what really occurred was that 
Z-p-octanol reacted with ethyl d-#-toluenesulphinate and produced 
Z-P-octyl Z-jp-toluenesulphinate, i.e during the displacement of the 
ethoxy-group the configuration of the ester molecule was reversed. 

To prove this contention a series of reactions was carried out 
with the following results : 

Z-j8-Octanol (1 mol.) Ethyl Z-p-Toluene- heated with n-Butyl Toluene- 

(a*®* —8*06°) * sulphinate with --Q-sulphinate with 

^ - 5 - 82 °. n-butyl aloohol og^ + 0 - 32 °. 


n-Alkyl p-Toluene- n-Butyl Z-p-Toluene- 

sulphinate (2 mols.) sulphinate with 
(A 9 ethyl; B, n-hutyl) — 3-46*. 

Thus, when Z-g-octanol is heated with two molecular proportions 
of either ethyl or %-butyl p-toluenesulphinate, a lsevorotatory 
normal ester is left in each case. The configuration of kevorotatory 
ethyl ^-toluenesulphinate is therefore the same as that of Isevorota- 
tory w-butyl jp-toluenesulphinate. The reaction between w-butyl 
alcohol and lsevorotatory ethyl ^-toluenesulphinate produces 
dextrorotatory w-butyl jp-toluenesulphinate. Whilst considerable 
racemisation, due to the interaction or possibly to mutarotation, 
has taken place, yet it is clear that these reactions are also 
accompanied by inversion of configuration. 

A Comparison between the -p-Toluenesulphinic and the p-Toluene- 
sulphonic Esters of l-$-Octanol and of l-Menthol, 

In the same way that optically active ethyl ^-toluenesulphinate 
when oxidised yields optically inactive ethyl y-toluenesulphonate, 
the oxidation of Z-menthyl Z+cZZ-^-toluenesulphinate and of Z-menthyl 
d + dZ-jp-tduenesulphinate yields the same Z-menthyl jp-toluene- 
sulphonate. Similarly, the oxidation of (3-octyl esters of jp-toluene- 
sulphinie acid with widely different rotatory powers yields the same 
Z-p-octyl #-toluenesulphonate. 

The asymmetric character of the jp-toluenesulphinic esters does 
not appear, therefore, to be retained by those of p-tohienesulphonic 
'■ acid* 
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There exists also a wide difference between, the chemical charac¬ 
teristics of the two series of esters, attributable to the loss by the 
sulphur atom of the sulphinoxy-group of its unsaturated character 
when that group is converted into the sulphonoxy-group. For, 
when the sulphinic esters are refluxed with an ethyl-alcoholic 
solution of potassium acetate, they do not enter into reaction with 
the salt but, as described in the previous section, undergo alcoholysis 
(VIII). The sulphonic esters, however, under the same experi¬ 
mental conditions, react readily, not only with the ethyl alcohol to a 
small extent, but also to a larger extent with the potassium acetate 
(IX). 


(VIII.) 


ROtsOC 7 H 7 

HjOEt 


R-fOSOo 


OEt 

CH,CO» 


BE 

K 


C 7 H 7 


(IX.) 


The mode of decomposition of sulphinic esters indicated in (VIII) 
suggests that the four bonds of the carbon atom in the group HO 
would remain undisturbed, and hence any optically active alcohol 
regained by alcoholysis should be unchanged in sign or magnitude 
of rotatory power. In a reaction of a sulphonic ester such as is 
indicated in (IX) the bonds of the asymmetric carbon atom are 
disturbed and the asymmetric complex, of which the group R 
forms a part, would be likely to be inverted in configuration * or to 
suffer loss of rotatory power. These deductions are in agreement 
with the experimental results described below, obtained with (a) the 
2-p-octyl esters and (6) the Z-menthyl esters of ^-toluenesulphinic 
and of p-toluenesulphonic acids. 

(a) The 1 -$-Octyl Esters. The Optical Inversion of 1 -$-Octanol .— 
The following series of reactions was carried out: 


C„H; 


•<§})> C <?H 

«j®‘ -8-04° (X.) 

I (0H,O0),0 


cgysocn C„Hi 


& 1 3^ >C< 0-S0-C 7 H 7 'TitS° 6 (Sj" >C< 0H 


Ko,ooH, n Jr 


-H 


af -9*64° (XI.) 


af —8.02° (XII.) 


Oxidation 


c 6 h 


Y 


CH^ C<; 0-C0-CH3 ^ e ckj" >C< 0-S0 2 -C 7 H 

— 6’09 d .f —6*78° (XIII.) 


CftHi 


Y 


-H 




A 3 

a” 


7 -f EtOH 


OeHia^/O-CO-CHs 

a ir +5.64° (XIV.) 


♦ The complete inversion of optically active benzylmethylcarbinol (Fart 
XVII, J., 1923, 123, 44) and of dextrorotatory ethyl lactate (Fart XXIV, 
this vol., p. 399) have been effected by the aid of such reactions, 
f Fart V, J., 1914, 105, S30. 
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Z-p-Oetanol (X) was converted into its ^-toluenesulphinic ester by 
the requisite sulphinyl chloride in presence of pyridine, and since 
the reaction can be assumed to consist solely in the replacement of 
the hydrogen atom of the hydroxyl group of the Z-alcohol by the 
p-toluenesulphinyl group, the valencies of the asymmetric carbon 
atom remain undisturbed and therefore the asymmetric carbon 
complex in the sulphinic ester (XI) has the same configuration as 
that of its parent alcohol. 

When heated under reflux with an alcoholic solution of potassium 
acetate, the sulphinate (XI) was decomposed and Z-P-octanol (XII), 
unchanged in rotatory power, was regenerated. The oxidation of 
the sulphinate to the sulphonate * (XIII) involves the addition 
of an oxygen atom to the sulphur atom and is unlikely to cause 
configurative change of the asymmetric carbon complex in the 
molecule. The Z-sulphonate when treated in a similar manner to 
the Z-sulphinate gave d-^-oetyl acetate (XIV) with almost complete 
inversion of configuration. This is evident, since Z-p-octanol, when 
treated with acetic anhydride, gives Z-(3-octyl acetate ag" — 6-09°, 
from which by hydrolysis Z-p-octanol can be regained unchanged 
in rotatory power. 

These results have been confirmed by means of cZ-p-octyl 
p-toluenesulphonate and an ethyl-alcoholic solution of potassium 
benzoate, interaction of which led to the formation of Z-p-octyl 
benzoate, aff — 28*7°, which gave on hydrolysis Z-fl-octanol, ocg* 
— 6-96°; and Z-p-octyl ethyl ether, ag # — 14*08° as compared with ocg’ 6 * 
+ 15*38°, the magnitude and sign of rotatory power of the ethyl 
ether prepared directly from <£-(3-octanol. 

(b) The l-Menthyl Eaters. The Conversion of 1-Menthol into 
&-neoMenthol .—When a highly lsevorotatory menthyl ^-toluene- 
sulphinate was heated under reflux with an alcoholic solution of 
potassium acetate, the Z-menthol regenerated was optically pure. 

The Z-menthyl p-toluenesulphonate required was prepared by 
the interaction of molecular proportions of Z-menthol and ^-toluene- 
sulphonyl chloride in presence of pyridine, a mode of preparation 
which ensured that the Z-menthyl complex would retain the con¬ 
figuration of the parent Z-menthol. It reacted readily with salts of 
carboxylic acids in ethyl-alcoholic solution, but by far the greater 
part 6f the product was a menthene. Of the large number of 
experiments performed, only two gave decisive evidence of the 
formation of an ester of ^-neomenthol, namely, the interaction of 
the sulphonic ester with glacial acetic acid and with ammonium 

* It was found that Z-j3-octyl p-toluenesulphonate cannot readily be pre¬ 
pared by the direct interaction of the p-toluenesulphonyl chloride and the 
^alcohol in presence of pyridine. 
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acetate. With acetic acid, a mixture of menthols with ag* — 28*94° 
was obtained, the hydrogen phthalic esters of which on recrystallis¬ 
ation gave an ester with [a] D + 14*60°, which was therefore mainly 
d-%eomenthyl hydrogen phthalate (compare Pickard and Little- 
bury, J., 1912, 101, 109). The recovered menthols on oxidation 
gave’as the sole product an optically pure Z-menthone with [a]g‘* 
— 24*28°. When ammonium acetate was used, the mixture of 
menthols eventually isolated had o$* + 10*0°. 

This conversion of Z-menthol into ^-weomenthol is not strictly 
a Walden inversion, since the chemical reactivities of these two 
alcohols are not identical and, moreover, they are not optical 
isomerides. They are geometric isomerides in which the hydrogen 
atom and the hydroxyl group are attached to an asymmetric carbon 
atom, the relationship between them being indicated by the following 
formulae : 



The Bearing on the Theory of the Walden Inversion of the Phenomena 
encountered during the Investigation . 

The possible free existence of the system + C^R^ an optically 

active state is a deduction of particular interest from the point of 
view of the Walden inversion. After the experiments of Senter (J., 
1910, 97, 362) had shown that the reaction between halogen- 
substituted carboxylic acids and silver salts took place between the 
acid anion and the silver kation, Biilmann (Annalen, 1913,388, 338) 
tacitly assumed the free existence of such a system, formulating the 
hydroxylation of a-bromopropionic acid as follows : 


CH 3 3H 3 CH ft 

H—Cl—Br -£ AgBr + /S+ ' -5-’ H— Q —OH 

CO-0 to-o 00*0 


Whilst such a representation of this reaction cannot be advocated 
at present, it appears possible that the formation of an asymmetric 
system associated with a tercovalent carbon atom hearing a positive 
charge is connected with the phenomenon of the Walden inversfosL, 
On the current ideas of the electronic theory of valency and those 
of the classical theories of stereochemistry, it would appear that such 



2568 PHILLIPS : INVESTIGATIONS on the dependence of botatoby 

a system would not be inverted in configuration by its conversion 
into a quadricovalent one through the addition of a negative 
ion. The conclusion seems inevitable, therefore, that if the production 
of such a system represents an intermediate stage in a reaction 
leading to a Walden inversion, it must at the moment of its formation 
adopt the opposite configuration to that of the quadricovalent system 
from which it arose. 

It is convenient, in the light of the above observations, to consider 
the inversion of the p -1oluenesulphinic esters which occurs during 
alkyloxy-interchange. The fact that Z-£-octanol can be recovered 
unchanged either in sign or magnitude of rotatory power from its 
jp-toluenesulphinic esters is strong evidence that during the inversion 
the Z-octyloxy-group leaves the molecule. 

At first sight it would appear that a mechanism for the inversion 
could readily be formulated, since the sulphur atom is attached to 
only three groups. The electronic theory of valency, however, 
forbids the addition of a fourth negative group, since that would 
cause a surplus of valency electrons. Since from the theory a fourth 
group cannot form a covalency with the sulphur atom until one of 
the three groups leaves the molecule, the inversion of sulphinic 
esters appears to be strictly analogous to the Walden inversion* 
It is of course possible to formulate an intermediate complex such as, 

Et 

6 

HO— k + 0-C 4 H 8 , 

6 7 h 7 

but unless some subdivision of valencies occurs, it would appear 
that just as in the case of quadricovalent atoms Biilmann (loc. tit.) 
was forced to assume that their conversion into tercovalent atoms 
did not entail loss of asymmetry, so also it is necessary from the 
above-mentioned considerations to assume that a sulphinic ester 
can lose its alkyloxy-group and the residual system can remain 
asymmetric* 

Indeed, a careful consideration of both the Walden inversion 
and the analogous optical inversion of ^-toluenesulphinic esters 
indicates that such inversions are intimately connected with the 
withdrawal of a negative group from an asymmetric molecule and in 
particular with the withdrawal of two electrons from the valency shell 
of the atom usually designated as asymmetric. 

Experimental. 

p-Tolwnemlphmic acid was prepared by reducing recrystallised 
jp-toluenesulphonyl chloride by a strong solution of sodium sulphite 
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(Blomstrand, Ber., 1870, 3, 965), and purified by recrystallising its 
sodium salt from water; the acid obtained from the pure sodium 
salt was partly dried on a porous plate and then completely dried by 
prolonged desiccation over calcium chloride in a vacuum. 

p-Toluenesulphinyl chloride was prepared when required by Hilditeh 
and Smiles' method (Ber., 1908, 41, 4113; Hilditeh, J., 1910, 97, 
2585). Thionyl chloride * (1*1 mols.) was dissolved in an equal 
volume of dry ether, and the acid (1 mol.) added gradually with 
agitation. When all the acid had dissolved, the mixture was 
warmed very gently until gases were no longer evolved. The ether 
and the excess thionyl chloride were then removed in a vacuum at 
the ordinary temperature, and the oily residue was dissolved in light 
petroleum. The solution thus obtained was filtered from the small 
quantity of a white solid which was usually precipitated, and sub¬ 
jected to a vacuum at the ordinary temperature for at least 6 hours; 
the p-toluenesulphinyl chloride then remained as a pale yellow oil. 

This acid chloride was described by Hilditeh and Smiles ( loc. cit.) 
as a solid, m. p. 55—58°, but Braun and Kaiser (Ber., 1923, 56, 553) 
were unable to crystallise a specimen which had been distilled. 

Ethyl dl-p - Toluenesulphinate .—A vigorous evolution of carbon 
dioxide occurred when 39 -toluenesulphinyl chloride (172 g.) in ether 
(100 c.c.) was added to a mixture of ethyl alcohol (69 g.) and ether 
(300 c.c.) covering anhydrous potassium carbonate (2Q7 g.). After 
12 hours, water was added, and the ethereal layer was separated, 
repeatedly washed with water, and dried over potassium carbonate. 
On removal of the ether, 115 g. of crude ethyl d^-jp-toluenesulphinate 
were obtained which, when distilled at 0*1 mm., darkened considerably 
but gave a colourless distillate, 95 g., b. p. 99—104°, 1-5306, and 

left a black, tarry residue, 12 g., which did not distil at a higher 
temperature and deposited crystals on cooling. 

In order to test the purity and homogeneity of the ethyl dl-p- tolu- 
enesulphinate, it was slowly redistilled at less than 0-1 mm,,f 
and divided into eight fractions. Six of these, of combined weight 
75 g., had rifS 1*5809, whilst redistillation of the extreme fractions 
* The thionyl chloride used was water-white in appearance, having been 
successively distilled from quinoline, linseed oil, and beeswax (Meyer and 
Schlegel, MonaUh, 1913, 34, 569). 

f A Fleuss pump backing a Langmuir mercury-vapour pump was 
employed throughout this research to obtain the pressure given as “less than 
0-1 mm.” As a rough gauge to the low pressures obtained, a discharge tube 
was employed. With the distillation flask cut off from the pumps, a very 
high vacuum could be obtained, but during distillation the actual pressure 
in the distillation flask, and hence the boiling point of the liquid distilled 
was influenced by slight leakages and by the presence of restrictions, e.g. f 
taps of narrow bore, in the connexions to the various distillation flasks and 
apparatus used. 
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yielded a further 13-5 g. with the same refractive index. It was 
therefore concluded that ethyl dZ-^~toluenesulphinate with rif 1*5309 
was pure and was not a mixture of isomerides of widely different 
chemical constitutions. It had df 1*114 (round; S, 17*3. 
C 9 H 12 0 2 S requires S, 17*4%). 

Ethyl (ZZ-jp-toluenesulphinate was also prepared by the action at 
— 10° of ^-toluenesulphinyl chloride (1 mol.) on ethyl alcohol 
(1 mol.) dissolved in light petroleum (200 c.c.) containing pyridine 
(1 mol.). The action was complete after 2 hours. The solution was 
washed four times with water, twice with dilute hydrochloric acid, 
and again with water, dried with anhydrous potassium carbonate, 
the light petroleum removed, and the product distilled as previously 
described. It left a larger non-volatile residue, but the distillate 
was identical with that previously described. 

The Determination of the Parachor of Ethyl dl-p-Toluenesulphinate 
(communicated by Dr. S. Sugden). 

Table ILL 


t. 

Pressure, 

dyn,/cm. a . 

P, 

g./c*c. 

<P . 

7> 

dyn./em. 

Parachor. 

18° 

4849 

1-120 

1-0217 

38-48 

409-4 

32 

4662 

1-107 

1-0224 

37-03 

410-3 

49*5 • 

4432 

1-091 

1-0232 

35*23 

411-1 


Densities determined: df 6 ' 1*120, df 1*105, df 5 ' 1*090, whence 
df. = 1*137 — 0*000935$. The surface-tension measurements were 
made in apparatus 4, for which r 2 = 0*139 cm. and A = 0*007767. 
For the method of calculation, see J., 1922, 121, 858; 1924, 125, 
27; and for the values of the atomic parachors, see J., 1924, 125, 
1180. 

n-Butyl dl-p-toluenesulphinate was prepared by the interaction 
of n-butyl alcohol and p-toluenesulphinyl chloride in ethereal solution 
in presence of potassium carbonate. After two fractionations at a 
low pressure, 80% of the crude ester was obtained with b. p. 90— 
95°/0*l mm,, nf 1*5195, and df 1*066 (1*1378 required 0*3005 of 
potasritun hydroxide for complete hydrolysis. Theory, 0*3008). 

The p-Toluenesulphinic Esters of Optically Active $-Octanol. The 
Methods of Preparation employed and the Mutarotation shown by 
the Esters obtained. 

(a) By the Interaction of l-$-Octand and p-TolumesuJphinyl 
Chloride m Ethereal Solution in Presence of Potassium Carbonate ,— 
To potassium carbonate (30 g.), covered by a solution of U-p-octanol 
— 8*10° ;1»1*0) (16 g.) in ether (25 c.c.), p-toluenesulphinyl 
(26 g<) in c.c.) was added; the mixture'was left 
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for 4 days and occasionally stirred. Water was then added, the 
ethereal layer separated, washed with water, and dried over potassium 
carbonate. After removal of the ether, the crude (3-octyl ^-toluene- 
sulphinate was distilled at less than 0-1 mm. It had b. p. 125—128° 
and left a black tarry residue. On redistillation, (3-octyl p-toluene- 
suZpbinate (25 g.) was obtained as a colourless oil with 1-5065 
and ocgV— 22-16 (l = 1-0). 1-3304 required 0-2780 of potassium 
hydroxide for complete hydrolysis (theory, 0-2784). 

Mutarotation. The ester was stored in a glass bottle. Its rotatory 
power ( l = 0*5) became a}f — 8-28° after 360 hours, 8-21° after 
792 hours, ajf — 8-01° after 1608 hours, and ag’ — 7-88°, * 9*75°, 

oS — 17*08° after 2376 hours; ng* 1*5053. 

Reaction with glacial acetic acid. 9*5972 G. of the ester were 
made up to 100 c.c. with glacial acetic acid which had been previously 
distilled from potassium permanganate. The solution was immersed 
in a thermostat at 25*15° and the following determinations of its 
rotatory power were taken at 25° in a 2-dcm. tube : 

Table IV. 

0 74 142 241 335 425 570 739 

4*27° —1*03° -0-54 -0*37° —0-29° -0*31° -0*27° -0-27° 
5*23 1-35 0*71 0*50 0-40 0-42 0*35 0-34 

9*28 2*26 1*04 0*59 0-52 0*55 0*44 0*53 

After the last reading had been taken, the solution was poured 
into water, and the oil which separated extracted with ether. The 
ethereal extract was washed with water until free from acid and 
then dried over anhydrous sodium sulphate. On removal of the 
ether, the residue was distilled, when it gave a fraction, b. p. 89— 
90°/17 mm. (fi g.), which was Z-(3-octyl acetate. A black, viscous 
residue remained which decomposed on attempted distillation’at a 
pressure less than 0*1 mm. The Z-j3-octyl acetate was redistilled 
and then had 0*8570, ajf 6 * — 6*00°, ajjjf — 7-14°, values in close 
agreement with those given in Part V (loc. cit.). 

Assuming that the laevorotatory (3-octyl ^-toluenesulphinate was 
converted completely into Z-p-octyl acetate, 6*16 g. of the acetate 
were produced and [a]ff —2*27° would represent its specific rotatory 
power in solution. In Part V ( loc . cit.), [a]'g‘ — 3-65° is given for the 
specific rotatory power of Z-(3-octyl acetate in acetic acid solution 
(c as= 5), and hence it is possible that at the end of the experiment the 
solution contained some other optically active ingredient which did 
not contain the (3-octyl radical. 

(b) By the Interaction of 1 -$-0ctanol and p 
Chloride in Presence of Pyridine. —To a solution of 
(ceg* — 8*06°; l = 1-0) (12 g.) in pyridine (10 g.) coded 
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p-toluenesulphinyl chloride (17 g.) was added gradually so that the 
temperature did not rise above 0°. Aiter 12 hours, the product was 
poured into water, from which the oil which separated was extracted 
with ether. The ethereal extract was thoroughly washed with water, 
then with dilute hydrochloric acid, and again with water. It was 
then dried over potassium carbonate, the ether removed by distill¬ 
ation, and the residue, lsevorotatory (3-octyl jp-toluenesulphinate, 
distilled at less than 0*1 mm.; 4 g. of Z-(3-octanol were recovered from 
the crude ester during the distillation, and after the ester itself 
had been distilled a small tarry residue, 0*5 c.c., remained in the 
flask. The Isevorotatory [3-octyl p -1oluenesulphinate after a rapid 
redistillation at less than 0*1 mm. weighed 12 g. and had nff 1*5052 
(1*0917 required 0*2294 of potassium hydroxide for complete 
hydrolysis. Theory, 0*2279). 

Miliarotation. The ester, in a glass container, was placed in a 
thermostat at 25*15°, and observations of its rotation in a tube of 
50 mm. at 25° were made at intervals. The rotatory power is 
recorded as for a tube of 100 mm. in Table I (p. 2561). 

After 1435 hours, the ester was dissolved in ether, the solution 
washed with dilute potassium carbonate solution to remove possible 
traces of acidic substances, and, after drying with anhydrous 
potassium carbonate, the ester was recovered in the usual manner 
and distilled in a high vacuum. It darkened rapidly and gave a 
low-boiling fraction which from its odour contained (3-octanol. The 
main bulk of the ester, however, distilled at 105—110° and had 
nf' 1*5044, - 11*64°, «&' - 14*03°, and «£> - 25*68 (Z = 0*5). 

A black residue which would not distil without decomposition 
remained in the distillation flask. 

(c) By the Displacement of the Ethoxy-group of Ethyl dl-p -Toluene- 
mAphinate by heating that Ester with l-$-0ctanol. —Z-(3-Octanol (a}f 
t 8*04°; l — 1*0) (9 g.) and ethyl eZZ-p-toluenesulphinate (12*7 g.) 
were mixed and heated in a flask maintained at 15 mm. on a steam- 
bath. After 54 hours, the product was distilled rapidly at less than 
0*1 mm. Laevorotatory p-octyl ^-toluenesulphinate (16 g.) was 
obtained, b. p. 122—124°, n™° 1*5078, and ocjf — 21*16° (Z = 1*0). 

Mutarotation. The ester was placed in a glass bottle immersed in 
a thermostat at 25*15°. Determinations of its rotatory power in 
tubes of 50 mm. were made at intervals at 25° and are recorded as for 
100 mm. tubes in Table I (p. 2561). 

After 1540 hours, the ester, the rotatory power of which had 
reached apparently a constant value, was distilled in a high vacuum. 
Three drops of distillate, having an odour resembling that of $- 
octanol, were obtained before the temperature of the vapours leaving 
the distillation flask reached 120°. The ester darkened rapidly, but 
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about half of it was distilled before the residue showed marked 
signs of decomposition. This distillate had ri$° 1*5005; d$° 1*000; 
aft - 13-52°, aft - 16*25°, and aft - 30*09° (Z = 0*5). 

Mutarotation of Ike ester in benzene solution . The laevorotatory 
ester used was prepared from Z-P-octanol (aff — 8*06°; l = 1*0) as 
previously described in this section. It was redistilled at less than 
0*1 mm. and had b. p. 123—125° and off - 24*72° (l = 1*0). 
8*5294 G. were made up to 100 c.c. with pure benzene which had 
been distilled from phosphorus pentoxide. The glass flask containing 
the solution was placed in a thermostat at 25*15°. The specific 
rotatory powers given below were calculated from the rotatory 
powers observed in a 2-dcm. tube at 25°. 

Table V. 


Time (hours) 0 

62 

256 

431 

598 

763 

9X1 

1073 

1241 

MB. 

—27*8° 

—27*6° 

— 27*2° 

— 19*2° 

-15-6° 

— 13*3° 

— 13*3° 

— 13*4° 

-13*6° 

MKi 

33*3 

32*9 

32*6 

22*3 

18*7 

15*8 

16*0 

15*9 

16*0 

MB. 

61*1 

60*5 

60*1 

40*9 

33*3 

28*1 

28*4 

29*5 

29*0 


After the last recorded determination had been made, the solution 
was placed in contact with anhydrous sodium sulphate for 12 hours. 
The benzene was then removed in a vacuum at the ordinary temper¬ 
ature. The recovered ester was yellow and had 1*5034, aft 

— 7*46°, and oft — 8*76° (Z = 0*5); values approximating to those 
reached by the homogeneous ester on standing. An attempt was 
made to distil this ester in a high vacuum, but it darkened rapidly 
and decomposed after a few drops of distillate had been obtained. 

The Fractional Distillation of the 1-p -Octyl Esters of p- Toluene ** 
sulphinic Acid. —(a) Isolation of \-$-octyl 1 + dl-^-toluenesulphinaie . 
Owing to the unstable nature of the crude p-toluenesulphinic esters, 
revealed during their first distillation, it was the usual practice in 
the early stages of this work to redistil them as rapidly as possible 
and attribute any observed change of boiling point to a change in 
the rate of distillation. Later, however, for reasons which have 
already been given, the distillations subsequent to the first were 
conducted very slowly in small flasks the necks of which were indented 
to ensure more efficient fractionation. 

Laevorotatory p-octylp-toluenesulphinate (d^ 1*009; oft — 12*36°; 
l =ss 0*5) (18 g.), prepared from ethyl cZZ-p-toluenesulphinate and 
Z-p-octanol (af* — 8*06°; l = 1*0) by the method of alkyloxy-inter- 
change, was redistilled in this manner and divided during an experi¬ 
ment lasting 8 hours into four fractions with b. p/s from 118 to 126° 
at less than 0*1 min. Fraction I (6 g.) had aft — 20*39° (Z « 0^S|? 
fraction II (6 g.), eft — 18*32° (l = 0*5); fraction III (2 g.), bft 

- 12*51° (Z« 0*5); and fraction IV (2 g.), aft 
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With the exception of fraction IV, these fractions were systematically 
refractionated into fractions (a) 5 g., — 23*22° (Z = 0*5); (b) 

4 g„ «& - 21-99° (Z - 0-5); (c) 3 g. f eg* - 16-42° (I = 0-5); and 
(i &) 2 g., ccgjx — 8*41° (Z = 0*5). Fractions (a) and (6) were mixed and 
distilled slowly -until 6 g. of distillate had been obtained. This 
distillate had agji — 26*81° (Z = 0-5). Fraction (c), after it had been 
distilled slowly and as far as- possible completely, had a§£i — 18*24° 
(Z = 0*5). It was mixed with fraction (d) and the residue from the 
redistillation of fractions (a) and (6), and the whole was redistilled 
slowly and completely. The distillate had a§g x — 20*01° (Z = 0-5). 
After two more distillations, its rotatory power was — 23*80° 
(l = 0-5). It was again redistilled and then added to the fraction 
with c& — 26*81° (Z = 0*5) (obtained as previously described by the 
fractionation of fractions a and 6. The mixture was distilled three 
times; at the very low pressure used during the last redistillation, 
it had b. p. 94—102°, and the distillate — 30*6°, - 57*75° 

(l = 0-5). The increase in the rotatory power of the ester when 
slowly and as far as possible completely redistilled continued, for 
after it had been redistilled three times it had a^ 3 — 28*24°, 

— 34-07°, and — 63*89° (Z = 0*5). It was then divided into 
two portions by a slow distillation. The distillate, b. p. 98—102°, 
had n$ m 1-5051 and a|Si — 41*52°, oqg 9 — 78*20°; the residual ester 
in the flask had af^i — 25*82° and oc^ — 48*07° (l = 0*5). 

The residual ester was heated for 2 hours at 125—130° under the 
pressure at which the distillations described above were performed. 
Care was taken that no distillation occurred. The rotatory power 
of the residual ester, now slightly charred, was — 25-62°, 

— 48*05° (Z = 0*5). It was then distilled, added to the distillate 
with aJSgj—41-52°, and the mixture redistilled; the Z-p-octyl 
l + dZ-jp-toluenesulphinate then obtained had rig' 1*5051, df 1*010, 

- 29-45°, - 35*13°, and c& - 66*39° (Z = 0-5). 

M^rotation. The ester with — 35*13° (Z = 0*5) was placed 
;; glass container in a thermostat at 25-15°, and its rotatory 
power was determined at intervals of 188 hours. For at least 
782 hours its rotatory power was constant, but after 860 hours it 
had nf 1-5039; «£, - 8*46°, - 9-95°, and - 18*04° 

{i ** 0-5). 

(b) T&e isolation of 1 -§-octyl d + dd^-tolumesuljphinate. The 
lsevorotatory ^octyl jp-toluenesulphinate used in this experiment was 
obtained by the gradual addition of jp-toluenesulphinyl chloride 
{38 g.) to a solution of Z-p-octanol (ocg' — 8*06°; Z = 1*0) (25 g.) in 
pyridine (22 g.), the temperature of the reaction mixture being 
maintained below 0°. The ester, isolated as previously described, 
was treated in ethereal solution with “ norit 99 prior to its distillation, 
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at the commencement of which less than 1 g. of Z-p-octanol was re¬ 
covered; no attempt was made to separate any other low-boiling 
fraction after this had been removed. The distillate, b. p. np to 112° 
(38 g.), had nf 1-5015, df 1-002, and a£, - 2-55°, - 2-93° and 

a & — 4-76° (l = 0*5). On redistillation, the distillate (35 g.), 
which left a small, tarry residue, had nf 1-5004, df* 1*002, and 
< 3 - 3-14°, «£ - 3*73°, aS 9 - 5*27° (l = 0-5) (Found: S, 12-1. 
C 12 H 24 0 2 S requires S, 11*95%), but there had been an interval of 
4 days between the determination of the rotatory power of the first 
distillate and that of the redistilled ester. 

27 G. of this ester were then slowly redistilled and collected in 
two fractions. Fraction I (14 g,, b. p. 99—105°, had nf 1-4966, 
df 0*9968, a£» - 9-50°, and - 11-65° (l = 0*5). It was yellow 
and somewhat impure (Found: S, 11-5%). Fraction II (9-3 g.) 9 
b. p. 105—114°, was colourless; it was Z-oetyl d + dl-p- toluene- 
sulphinate with nf' 1*5055, df 1*005, ajg 3 + 6*67°, ag^ + 7-64°, and 
«£» + 15*74° (l = 0*5) (Found : S, 12*1%). 

Mutarotation. The dextrorotatory ester was placed in a glass 
bottle in a thermostat at 25-15°, and the determinations of its rota¬ 
tory power given in Table II (p. 2562) were made in a 50 mm. tube 
at 25°, but are given as for a tube of 100 mm. 

The p-Toluenesulphinic Esters of l~Menthol. 

(a) Preparation of l-Menthyl 1 + dl--p-Tolu&ne$ulphinate .— 
Z-Menthol (18*3 g.) and ethyl dZ-p-toluenesulphinate (21-6 g.) were 
heated together at about 60°/15 mm. After 48 hours, the product 
was cooled; it then solidified, and was readily soluble in benzene, 
ether, light petroleum, ethyl acetate, or acetone, but could be 
crystallised from the last four of these. 

On recrystallisation from light petroleum, lasvorotatory menthyl 
jp-toluenesulphinate was obtained in fine needles, m. p. 98—100° and 
■with [«K* ~ 177*2°, [a]^ -213*0°, [a]& -387*4° in acetone 
solution (c = 2*483, l 2*0). After it had been recrystallised three 
times from aqueous acetone, subsequent reerystallisation from this 
solvent and also from light petroleum produced no further change 
in the ester, which had m. p. 108—109°; [a]J^ x —239-9°, [-a]^ 
— 433*8° in solution in acetone (c = 2*609, l = 2-0). It is considered 
that this ester was probably optically pure Z-menthyl Z-^-toluenesfi- 
phinate (0*5888 required 0*1141 of potassium hydroxide for complete 
hydrolysis. Theory, 0*1123). 

Oxidation. To 1 g. of Z-menthyl l + cZZ-p-toluenesulphinate in 
acetone (50 c.c.), finely ground potassium permanganate together 
with an equivalent quantity of magnesium sulphate was^d^. : iaOTil, 
the pink coloration persisted for 15 minutes. The mixture was . 
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diluted ■with water, and the manganese mud dissolved by passing 
sulphur dioxide; on cooling, the supernatant oil crystallised. The 
crystals, Z-menthyl p-toluenesulphonate, after being washed with 
water and dried, had m. p. 96° (alone, or mixed with an authentic 
specimen), and [a] 5S93 —• 69*0° in chloroform solution (c = 2*009, 
l = 2*0) (compare HUditch, J., 1911, 99, 233). 

Mutarotation Phenomena Observed during the Preparation of 1- 
Menthyl 1 -f- dl-p-Toluenesulphinate. —The filtrate from the first 
recrystallisation of the crude lsevorotatory Z-menthyl -p-toluenesul- 
phinate was concentrated and then cooled in a freezing-mixture; 
few crystals separated. The remaining solvent was therefore removed 
by distillation, finally at 15 mm.; the oily residue had — 13*10° 
in acetone (c = 7*897, Z = 2*0). Kept in a vacuum (0*1 mm.), 
it gradually became more viscous and set to a crystalline mass after 
4 days. The fine needles, m. p. 100—104°, obtained by recrystallis¬ 
ation from acetone, had [a]J£i —224*9° in acetone (c = 2*790, 
= 2*0). A few drops of water were added to the filtrate from these 
crystals, when a further crop was obtained with m. p. 99—104°, and 
MmSi — 228*0° in acetone (c = 2*780, l = 2*0). The mother-liquor 
from this recrystallisation was highly lsevorotatory. From these 
observations it can be concluded that the lsevorotatory power of the 
menthyl p-toluenesulphinate had increased considerably on standing, 
in agreement with the hypothesis that Z-menthyl d-^-toluene- 
sulphinate can change into Z-menthyl Z-p-toluenesulphinate. 

These results were confirmed by a similar experiment in which 
Z-menthol (49*2 g.) and ethyl dZ-'p-toluenesulphinate (58 g.) were 
allowed to react as previously described for 24 hours. The crude 
lsevorotatory menthyl p-toluenesulphinate obtained had [a]SJJi 

— 82*4° in acetone (c = 2*670, Z = 2*0). After crystallisation from 
aqueous acetone, Z-menthyl l + cZZ-^-tohienesulphinate (30 g.) with 
m. p. 99—102°, and — 235*6° in acetone (c = 2*430, Z = 2*0), 
was obtained; after removal of the solvent from the mother-liquor, 
first by distillation and then in a vacuum, an oily menthyl 
jp-toluenesulphinate was obtained with [a]^ — 18*8°, [a]S & — 
29*2° in acetone (c = 3*243, l = 2*0). To remove possible traces 
of Z-menthol, it was steam-distilled for 15 minutes; the residual 
.oil# isolated and dried in ether, had [ajj^ —18*0°, [a]^ 9 — 
26*2° in acetone (c = 2*863, Z = 2*0). The crystalline mass 
obtained' by keeping it in a closed glass vessel for 84 days had ME, 

- 187-9°, [a]g; - 340-0° in acetone (c = 2-838, l = 2-0). 

(b) Preparation of l-Menthyl d + <31-^-Tolueriemlphiriate. —A solu¬ 
tion of Z-menthol (15*6 g.) in pyridine (10 g.) was cooled to — 10°, 
and p-tohienesulphinyl chloride (17*2 g.) added in small quantities; 
after 12 hours, water was added, and the liberated oil extracted 
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washed, and dried in ether in the usual way. The oil, on cooling 
after removal of the solvent, deposited crystals (12 g.) which, 
separated by filtration, had [a]J^ x — 162*0° in acetone (c — 2*824, 
l = 2*0) and after recrystallisation from light petroleum gave 
Z-menthyl Z + dZ-_p-toluenesulphinate (7 g.), m, p. 102—103°; [a]^i 
— 227*1° in acetone (c = 2*566, l = 2*0). 

The dark yellow oil, Z-menthyl d + cZZ-^-toluenesulphinate, 
which had been filtered from the crystals had + 10*0° (Z = 0*25), 
the reading being accurate to 1°, and when dissolved in acetone 
had [oQZi + 35*04, [«]£, + 76*38° (c = 2*782, Z = 2*0). It 
decomposed at about 190°/0*05 mm. 

Oxidation of l-menthyl d + dl-p -toluenesulphinate. 1 G. of the 
ester when oxidised as previously described gave a crystalline 
Z-menthyl ^-toluenesulphonate which, after recrystallisation from 
ethyl alcohol, weighed 0*85 g., had m. p. 96°, and [a]^ 3 — 69*1° in 
chloroform (c = 2*366, Z = 2*0). 

Mutarotation of l-menthyl d + dl-p -toluenesulphinate. 4*3 G. of 
the ester, kept in a closed glass tube for 91 days, became crystalline 
(Mmw — 187*6°, [a]g^ — 338*6° in acetone; c = 2*503, l = 2*0) and 
therefore were now chiefly composed of Z-menthyl Z-^p-toluene- 
sulphinate. On recrystallisation from aqueous acetone, Z-menthyl 
Z + dZ-^-toluenesulphinate (3*5 g.) was obtained, m. p. 107°; 
MJSi — 237*5° in acetone (c = 2*187, Z = 2*0), and this, on oxidation 
by the method previously described, gave a theoretical yield of 
Z-menthyl ^-toluenesulphonate, m. p. 96°; [a]^ — 69*3° in 
chloroform (c = 2*430, Z s= 2*0). 

. i 

Preparation of Optically Active Derivatives of p-Toluenesulphinic 
Acid which do not contain an Asymmetric Carbon Atom . 

(a) Lcevorotatory Ethyl p- Toluenesulphinate {Ethyl 1 + dl-p -tolu- 
enesidphinate ).—Z-p-Oetanol (aff —8*06°; Z = 1*0) (12 g.; 1 mol.) 
and freshly prepared ethyl dZ-p-toluenesulphinate (ri$' 1*5309) 
(34 g.; 2 mols.) were heated at about 60°/16 mm. and then at 40° 
at a lower pressure for a further 2 hours. The product was system¬ 
atically fractionated at less than 0*1 mm. During the distillation 
of the lower-boiling fractions (laevorotatory ethyl ^-toluene- 
sulphinate) the distillation flask was connected to a distillation 
st triangle ” having taps of large bore, but for the higher-boiling 
fractions (laevorotatory (3-octyl ^-toluenesulphinate) even more open 
connexions had to be employed to ensure a higher vacuum in the 
distillation flask. * 

* The first distillation revealed the presence of unchanged Z-P-octanoi 
(1 g.) and gave three further low-boiling fractions—II {6*8 g.), 
b. p. 74-80°; III (11*6 g.), b. p. 80—90°; and IV (1*2 g.), b. p. 

VOLi OXXVH. 
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90—100°—consisting largely of lsevorotatory ethyl p-toluene- 
sulphinate. These were refractionated and, after removal of a 
fraction (0*5 g.), b. p. 74—75°, fractions (b) (12-8 g.), b. p. 75—83°; 

(c) (4*0 g.), b. p. 83—85°; and (d) (1 g.), b. p. 85—90°, were obtained. 
Inaction (b) hadnf 1*5299, o& - 2*81°, a& - 3*46°, and ag. - 6*69° 
(l s 0*5). Its refractive index showed that it was impure lsevorota¬ 
tory ethyl p-toluenesulphinate, and therefore fractions (6), (c), and 

(d) were slowly refractionated; fractions (a) (3 g.), b. p. 72—74°, 

nf 1*5295; (p) (4 g.), b. p. 74—75°, nf 1*5309, - 3*36° (I l = 

0*5); (y) (5 g.), b. p. 75—76°, nf 1*5309, - 3*37° (l = 0*5); and 

($) (3 g.), b. p. 76—90°, were then obtained, leaving a residue 

M.2g- 

Fractions (P) and (y) were therefore lsevorotatory ethyl 
p - toluenesulphinat e. 

The following experiments were made to prove that this lsevorota¬ 
tory ethyl p -toluenesulphinate unlike lsevorotatory (3-octyl p-toluene- 
sulphinate, could not be separated by fractional distillation into 
fractions with different rotatory powers. 

Four days after the determination of the physical constants 
recorded above, fraction ((3) had nf 1*5307 and —3*35° (Z = 
0*5), and fraction (y) had nf 1*5307 and — 3*39° (l = 0*5). 
They were mixed and redistilled slowly in a very high vacuum. 
The first few drops of the distillate were neglected, the main fraction 
(6*7 g.), leaving a small dark residue, had b. p. 63°, cff 1-114, 
nf 1*5309, njjSi 1*5349, ng, 1*5532, and ocg 8 - 2*64°, ojg - 3*30°, 
a% $ — 6*25° (l = 0-5). Three days later, it was redistilled in a similar 
vacuum and, again leaving a small, discoloured residue, was thus 
divided slowly into two portions of the same weight. They had 
nf 1*5309, — 3*27°, and nf 1*5309, -3*22° (l » 0*5) 

respectively. 

0*5984 of the portion which distilled first required 0*1817 of 
potassium hydroxide for complete hydrolysis (Theory, 0*1823). 

In order to prove that the lsevorotatory ethyl p-toluenesulphinate 
Mated* did not consist of a mixture of (a) Z-P-octanol, or of (6) 
lsevorotatory [3-octyl p-toluenesulphinate with inactive ethyl 
^toluenesulphinate the following observations were made. 

A portion of the ethyl ^toluenesulphinate from the same batch 
as that used in the preparation of the lsevorotatory ester was 
inactive at 25° in a 200-mm. tube to light of X 5461 and X 4359. 

0-3882 Q. of Z-p-Qctanol (af — 8*06°; l = 1*0) was made up to 
20 c.c. with this ethyl p -toluenesulphinate. The resulting solution 
had 1*107, nf 1*5281, and ag* - 0*58° {l = 2*0). 

0*2314 G. of lsevorotatory p-octyl ^toluenesulphinate (nf 1*5053; 
«3n — 22*17°; l = 0*5) was added to 7*8602 g. of the ethyl jp-toluene- 
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sulphinate. The resulting solution had nff 1*5297 and — 1-65°, 
«£» —2*90° (l = 1*0). 

Fifteen days after their separation and the determination of 
the rotatory powers recorded, the two portions of the optically 
active ethyl ^-toluenesulphinate were mixed, and redistilled in a 
high vacuum; the mixture darkened rapidly and a black, tarry 
residue (0*5 g.) remained. The distillate (4*7 g.) had riff 1*5309 and 
a M6i — 0*04° (l = 1*0). 

Oxidation of the Icevorotatory ethyl p -toluenesulphinate . Twelve 
days after its isolation, fraction (3) (p. 2578) was slowly redistilled 
in a high vacuum. The lower-boiling fraction was Icevorotatory 
ethyl ^-toluenesulphinate (1*85 g.) with riff 1*5308 and — 3*10° 
(l — 0*5). It was dissolved in acetone (30 c.c.), and a finely ground 
mixture of potassium permanganate (2 g.) and crystalline magnesium 
sulphate (1*6 g.) added in small quantities with agitation. The 
mixture was cooled and after 2 hours poured into water, and the 
manganese mud dissolved by the passage of sulphur dioxide. The 
heavy oil which separated, after being extracted, washed, and dried 
in ether, solidified (1*8 g.) in a vacuum; it had m. p. 34—35°, which 
was not depressed by admixture of the solid with ethyl p-toluene- 
sulphonate. 

The whole of the product made up to 20 c.c. with acetone gave 
a solution which was optically inactive in a 200 mm. tube. ' 

Isolation of the Icevorotatory $-octyl p- tolmnesulphinate formed 
during the preparation of the Icevorotatory ethyl -p-toluenesulphinate. 
After the removal of fractions I, II, III, and IV during the distilla¬ 
tion of the mixture of Icevorotatory ethyl jp-toluenesulphinate and 
Icevorotatory (3-octyl ^-toluenesulphinate (p. 2573), the residual 
liquid in the distillation flask was distilled and gave fractions V 
(11*3 g.), b. p. 100—105°; VI (5 g.), b. p. 105—110°; and a dark 
residue VII (3 g.). By redistillation of the high-boiling residues 
left during the purification of the Icevorotatory ethyl ester, lsevo- 
rotatory p-octyljp-toluenesulphinate (1*3 g.), b. p. 100—105°/ < 0*1 
mm., was obtained with riff 1*5053 and ag^ —22*17° (l = 0*5). 
Fraction V above, without further purification, had riff 1*5054 and 
a B 4 oi — 18*32° (l = 0*5). Fraction VI was lost, but on distillation 
of the residue VII a small quantity of Icevorotatory p-octyl ester 
was obtained with aJJ® — 8*55° (l — 0*25). 

Thus it was shown that (a) the fractions of Icevorotatory p-octyl 
p-toluenesulphinate obtained differed considerably in rotatory 
power, (b) the fraction which possessed the lowest rotatorypower 
had c* - 34*20° (Z = 1*0). 

(b) Loevorotatory n-Butyl p -Toluenesulphinate (n-J Butyl 1 + dl- 
: $~Toluenesulphinate .—This was prepared in a similar manner to the 

, 4r2 u'M 
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corresponding ethyl ester. The product of the interaction & 
80°/16 mm., of Z-P-octanol (off —8*04°; l = TO) (7*8 g.) an< 
n-butyl <ZZ-jp-toluenesulphinate {nf 1*5195), (25-7 g.), gave oi 
distillation at a very low pressure a fraction (8-5 g.), b. p 
80—94°, nf 1*5175, and — 4*59° (l = 0*5). This was almos 
pure W-butyl j 9 -toluenesulphinate. Four days after its isolation 
it had nf 1-5165 and 0 & -4*39° (1 = 0*5). On redistills 
tion, it darkened rapidly, but gave a distillate (6*9 g.), b. j 
80—84°, nf 1*5189 and ag* — 2*24° (i l = 0*5). Some racem 
isation had occurred, therefore, during the redistillation, an< 
a further loss of rotatory power occurred during the last redk 
tillation, when laevorotatory w-butyl ^-toluenesulphinate (5*3 g. 
b. p. 84°/<0*1 mm, df 1-066, nf 1*5195, and - 1*73° (l « 0*5 
was obtained. 

(c) Dextrorotatory Ethyl -p-Toluenesulphinate {Ethyl d + dl-j 
Toluenesulphinate) .—(i) From l-$-octyl 1 + dl-p 4oluenesuljpihinat\ 
The Isevorotatory [3-octyl y?-toluenesulphinate used in this exper 
ment was formed during the preparation of the Isevorotatory ethi 
jp-toluenesulphinate, being made up of 1 g. with oc^i - 22-n 
(Z = 0-5) and 11-3 g. with «& — 18-32° (i! = 0-5) (fraction V; p.' 2579 
The Z-p-octyl ester dissolved in absolute ethyl alcohol (75 c.c 
containing potassium acetate (9 g.) was heated under reflux on 
steam-bath for 28 hours, and the solution poured into water. Tb 
oil which separated, after being extracted and dried in ether, we 
distilled at less than 0-1 mm. Until fraction I, b. p. up to 4( 
(Z-p-octanol), had been removed, a high vacuum could not l 
obtained. Fraction I (2 g.) was followed by fractions II (3-5 g. 
b. p. 40—65°; III (2-2 g.), b.p. 70—94°; and IV (2-1 g.), b. ] 
94—100°. 

Fraction I, after two redistillations, had a§’ — 8-06° (l — 1-0), 
value almost identical with that of the Z-alcohol with which th 
series of experiments was commenced. 

•i '.The succeeding fractions II, III, and IV were refractionate 
low pressure. The first fraction thus obtained, b. p. up to 65 
was carefully redistilled, and the first few drops of distillate we: 

The main portion of the distillate (2 g.), b. p. 60—61 
feed «ST 1-5J509 and -f* 0-46 (Z = 0-5). 0-6072 required 0-184 
of pe^^^^^dEOride for complete hydrolysis (Theory, 0-1850 

The second iHs|iion (2 g.), b. p. 65—100°, was obviously a mixtur 
but it was fojjo^by the last fraction (2-5 g.), b. p. 100—106 
withttf 1-5082 and — 31*11° (Z = 0-5). This was lsevorotatoi 
g-octyl j)-tolueneaflp^^e;/mot of a high degree of purity, bi 
possessing a much higher 1 rotatory power than the Z-sulphinate wii 
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which this experiment was commenced. It is considered that it 
was produced during the separation of the mixture of dextrorotatory 
ethyl ester and Z-p-octanol and did not arise owing to incomplete 
hydrolysis of the original lsevorotatory (3-octyl ^-toluenesulphinate 
(compare the results of the experiment which follows). 

(ii) From l-menihyl 1 + dl-p -toluenesulphinate. Z-Menthyl Z + dl- 
^-toluenesulphinate (m. p. 108—109°; [a]^ — 239*9° in acetone, 
c = 2*609, l — 2*0) (27*2 g.) was heated under reflux for 60 hours 
with potassium acetate (18 g.) in absolute ethyl alcohol (250 c.c.). 
The reaction mixture was poured into water (1000 c.c.) and the 
crystals which separated from the oil were filtered off and washed 
with water. The oil which separated from the aqueous filtrate 
was isolated, washed and dried in ether, and fractionated at less 
than 0*1 mm., giving fractions I (4 g,), b. p. up to 60°; II (0*5 g.), 
Ill (4 g.), b. p. 65—72°; and leaving a black residue (about 1 g.) 
which solidified on cooling 

Fraction I solidified to a white, crystalline solid, m. p. 42°, with 
[«]fi 893 — 48*8° in ethyl-alcoholic solution (c = 5*064, Z = 2*0) and was . 
therefore Z-menthol. The original menthol from which the ^-toluene- 
sulphinate was prepared had [a]^ —49*46° under the same 
experimental conditions. 

Fraction III had n%' 1*5292 and + 7*37° (Z = 0*5). It was 
therefore impure dextrorotatory ethyl ^-toluenesulphinate. After 
refractionation, it weighed 2*8 g., had b. p. 65°/< 0*1 mm,, 
rii> 1*5306, and +8*27° (Z = 0*5), A further rediatillation 
completed its purification, dextrorotatory ethyl jp-toluenesulphinate 
being obtained with ri§' 1*5309 and a$£i + 8*28° (Z= 0*5). 

The crystals, Z-menthyl Z + dZ-p-toluenesulphinate, which had 
been recovered by filtration of the diluted reaction mixture, were 
recrystalHsed from acetone. The first crop of crystals (8 g.), 
m. p. 108—109°, had [oc]^ - 241*9° in acetone (c » 2*751, Z = 2*0). 
On dilution of the mother-liquor with water, a second crop of 
crystals (4 g.) was obtained, m. p. 107—108°, with [a]^ — 237*8 
in acetone (c = 2*670, Z = 2*0). It cannot be assumed, therefore, 
that any preferential alcoholysis of the original Z-menthyl Z + dZ-p- 
toluenesulphinate occurred. 

(iii) From dl-$-toluene$vlphinyl chloride after it had been treated 
with half of its equivalent quantity of l-$-octanol. To a solution of 
cZZ-p-toluenesulphinyl chloride (34*4 g.; 2 mols.) in light petroleum 
(75 c.c.) cooled in a freezing mixture, a solution of Z-(3-oetanol 
(og* — 8*04° ; Z = 1*0) (13 g.; 1 mol.) in pyridine (7*9 g. ; 1 mot) 
was added during 2J hours with agitation. At the end of ^ hqur 
a solution of ethyl alcohol (9 g.) in pyridine (10 g.) was added* and 
the mixture, having stood for 12 hours, was washed three times with ; 
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water, twice with dilute hydrochloric acid, and twice again with 
water, and then dried over potassium carbonate. The solvent was 
removed, and the residual oil fractionated at less than 0-1 mm. 
It gave fractions I (11*7 g.), b. p. up to 84°, nf 1*5078, agj 2 — 1*74° 
(Z = 1-0); II (3-7 g.), b. p. 84—90°, nf 1-5233, + 1-83° (l » 

0-5); III (11-5 g.), b. p. 90—100°, nf 1*5022, - 15-08° (Z = 0-5); 

IV (6-5 g.), b. p. 110—112°, <1-5044, * - 13-14° (1 = 0-5), and 
left a black, tarry residue (3-5-g.). Fraction I was refractionated 
and gave fractions (a) (5*5 g.), < 1-5037, — 3*52° (Z = 0-5); 

(b) (1*5 g.), nf 1-5202; and (c) (2*8 g.), < 1*5269, +1*3° 

(Z = 0-5). 

It appeared probable that fractions II, (&), and (c) were impure 
dextrorotatory ethyl p-toluenesulphinate. Seven days after they 
had been isolated, they were mixed and fractionated at a very low 
pressure. The mixture darkened rapidly, but gave fractions (a) 
(1 g.), nf 1*5302, <& - 0*05° (Z =» 0*25), and (p) (3*2 g.), nf 1*5299, 
a M6i — 0-13° (Z = 0*5), leaving a large, non-volatile residue. 

These results are consistent with the view that fractions II, 
(6), and (c) were mixtures of dextrorotatory ethyl jp-toluenesul- 
phinate and lsevorotatory p-octyl ^-toluenesulphinate, and that 
during their last distillation the dextrorotatory ethyl ester rac- 
emised, giving fractions (a) and (p), which were presumably inactive 
ethyl ^-toluenesulphinate contaminated with traces of the lsevo¬ 
rotatory p-oetyl ester. 

That some preferential reaction on the part of the dZ-jp-toluene- 
sulphonyl chloride took place is probable, since the lsevorotatory 
p-octyl jp-toluenesulphinate produced, fractions III and IV, com¬ 
bined and then redistilled, had nf 1*5028 and aj^ — 15-21° (Z == 0-5), 
a value approximating to the rotatory power of the p-octyl ester 
obtained when Z-p-octanol (1 mol.) preferentially reacts with ethyl 
dZ-^-toluehesulphinate (2 mols,). 

Two attempts were made to repeat this experiment, but in each 
case the pure ethyl p-toluenesulphinate finally isolated was inactive, 
although the distillation was not interrupted and was unattended 
by excessive charring of the fractions on redistillation. Indeed, 
the rotatory powers of the various fractions obtained gave no 
indication of any preferential reaction of the eZZ-jp-toluenesulphonyl 
chloride with the Z-p-oetanol. Especially was this true of the 
lsevorotatory p-octyl jp-toluenesulphinate isolated (completely) 
in one of the experiments, for its rotatory power was — 24-5° 
(Z =* 1*0), appfoximating to that of the p-octyl ester obtained by the 
interaction of Z-p-octanol (1 mol.) and ethyl dZ-^>-toluenesulphinate 
; (l mob)* * - ' 
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sulphinyl chloride, after it had been treated with half its equivalent 
quantity of \-$-ocianol. p -Toluenesulphinyl chloride (34*4 g.; 
2 mols.) m ether (150 c.c.) was treated as described in the preceding 
experiment with a solution of Z-^-octanol « —8*04°; Z = 1-0) 
(13 g.; 1 mol.) in pyridine (7*9 g.); to the resulting mixture, aniline 
(19 g.) was added. After 12 hours, the crystals formed were filtered 
off, washed with water (to dissolve the hydrochlorides of pyridine 
and aniline), pressed on a porous plate, and recrystallised from 
aqueous ethyl alcohol. 'p-Toluenesulphinanilide was thus obtained 
in nacreous plates, m. p. 134° (Braun and Kaiser, loc. cit. 9 give 
m. p. 138°), [a]JJJj — 1-1° in chloroform (c = 5*000, l = 2*0), and 
WsJei —0*65° in pyridine (c = 4*669, l = 2*0) (Pound : 1ST, 6*2%. 
Calc., N, 6*1). 

(ii) From 61-p4oluenesulphinyl chloride after it had been treated 
with half its equivalent quantity of bmenthol. To ^-toluenesulphinyl 
chloride (17*2 g.; 2 mols.) a solution of Z-menthol (7*8 g.; 1 mol.) 
in pyridine (11*7 g.; 2 mols.) was slowly added during 3 hours. 
After the addition of aniline (10 g.), the mixture was kept for 12 
hours, water was then added, the aqueous mixture filtered, and the 
crystals thus isolated (a mixture of laevorotatory menthyl p-toluene- 
sulphinate and p-toluenesulphinanilide), after they had been washed 
with water, dilute hydrochloric acid and then again with water, 
were treated with ether (50 c.c.) to dissolve the lsevorotatory 
menthyl ^p-toluenesulphinate. The ethereal extract was filtered, 
and the almost insoluble ^-toluenesulphinanihde obtained, having 
been washed with a further 10 c.c. of ether, was dried, and recrys¬ 
tallised from benzene: it then had [aTK, —1*29° in chloroform 
(c « 5*400, Z = 2-0). 

Conversion of Lcevorotatory Ethyl p - Toluenesulphinate {Ethyl 1 + 
dl-p- Toluenesulphinate) into Dextrorotatory xi-Butyl p-Toluene - 
sulphinate (n -Butyl d + dl-p -Toluenesulphinate). 

Lssvorotatory ethyl ^-toluenesulphinate (a^ —2*91°; Z — 0*5) 
(14*5 g.), prepared as previously described, was warmed gently 
under reflux with ?i-butyl alcohol (5*8 g.) for hours, the apparatus 
being evacuated to 15 mm. On fractional distillation of the product 
at less than 0*1 mm., two fractions were obtained : I (10*7 g.), 
b. p. 85—86°, nf 1*5259, o& - 0*39° (Z == 1*0); and II (1-9 g.) 3 
b. p. 85—86°, nf 1*5159, and ocg*. + 0*08° (Z = 0*25). 

Praction II was pure n~b utyl ^toluenesulphinate. Praction 
I was a mixture of the ethyl and 7i-butyl esters and was 
refractionated twice, giving finally fractions (a), 3*0 g., b. p. 
66—72°, < 1*5296, a& - 0*33° (Z = 0*5) ; (b), 1*8 g., b. p; JWiV 
<1*5286, — 0*18° (Z « 0*5), and (c), l*7 g.,< 1-5288^0*03* 
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(l 5=5 0-25). Fraction (c) was redistilled and gave 1 g., rif 1*5207. 
This was therefore almost pure w-butyl ^-toluenesulphinate. It had 
+ 0*05 (I = 0*25). 


Reactions of the p -Toluenesulphonic Esters of 1-Menthol and of 

l-$-Octanol. 


Conversion of l-Menthol into d-neoMenthol. — l-Menthyl ^-toluene- 
sutyhonate (compare Hilditch, loc. cit.) was prepared as required 
by the addition of finely ground p-toluenesulphonyl chloride (1 mol.) 
to an ice-cold solution of Z-menthol (1 mol.) in pyridine (1*25 mols.). 
The mixture was shaken until homogeneous and after 12 hours set 
to a hard, crystalline mass, which was crushed, extracted with water, 
dried, and recrystallised from ethyl alcohol. It then had m. p. 
96° and [cx.] mz — 70*16° in chloroform (c = 2*620, l == 2*0). 

Reaction between l-Menthyl p -Toluenesulphonate and Glacial 
Acetic Acid .—A solution of the Z-sulphonate (150 g.) in the acid 
(200 c.c.) was warmed gently on a water-bath for 12 hours. The 
product was neutralised with a dilute solution of potassium carbonate 
and the oil which separated was extracted with ether. The mixture 
of menthene and menthyl acetates obtained, after removal of the 
ether from this ethereal extract, was refluxed with alcoholic sodium 
hydroxide, and the liberated menthols were isolated in a current of 
steam. They were heated with phthalic anhydride (80 g.) at 110 ° 
for 15 hours, and the mixture of menthene and menthyl hydrogen 
phthalates thus obtained was poured into a dilute sodium carbonate 
solution. The menthene was extracted from this solution with ether, 
and was isolated from the dried ethereal extract as a colourless 
oil, b. p. 64—65718 mm., d& 0*8185, nf 1*4540, and ag* +16*58° 
(i = 1*0). (Henderson and Boyd, J,, 1911,99,2159, give d?£. 0*8180, 
1*4536, for A 8 -menthene. The menthene obtained, therefore, 
was in all probability that hydrocarbon.) 

The hydrogen phthalic esters were recovered from the acidified 
sodium carbonate solution and had [a] D — 62*6° (c = 5*107, l = 2*0) 
in chloroform solution. Pure Z-menthyl hydrogen phthalate under 
the same experimental conditions has [a] D — 91*40° (Pickard and 
Iittlebury, loc. cit.). 

It was presumed that the mixture of hydrogen phthalic esters 
.obtained was a mixture of those of Z-menthol and d-neowm thol. A 


was edffected by precipitating the bulk of the 
^menthyl hydrogen phthalate as its magnesium salt by the addition 
of ma^esium solution to a neutral solution of the sodium 

salts of the magnesium salt obtained was filtered off, 

recrystallised from ^ reconverted into the 

which was further purified by recrystallis* 
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ation from acetic acid. When dry, the ester thus obtained had 
m. p. 110—112° and [a] D — 91*90° in chloroform (c = 5*362, Z = 2*0), 
It was therefore pure Z-menthyl hydrogen phthalate. 

The remaining phthalie esters were precipitated as zinc salts 
by addition of zinc chloride to the filtrate from the magnesium 
Z-menthyl phthalate. The zinc salts were dissolved in acetic acid 
and reprecipitated, by the addition of water, as hydrogen phthalie 
esters, which when dry had m. p. 139—142° and [a] 0 + 14*60° in 
chloroform (c = 2*532, Z = 2*0), 

It was considered impossible to purify satisfactorily the small 
quantity of d-^omenthyl hydrogen phthalate obtained, and there¬ 
fore the following steps were taken to prove that only the hydrogen 
phthalates of Z-menthol and of d-neomenthol were present in the 
original mixture. 

With the exception of the pure Z-menthyl hydrogen phthalate which 
had been isolated, the whole of the phthalie esters originally 
obtained were recovered, hydrolysed by refluxing them with an 
alcoholic solution of potassium hydroxide, and the liberated 
menthols were isolated in a current of steam. When redistilled, 
they had b. p, 103—107°/17 mm., < 5 * 1*4603, and < - 28*94° 
(Z = 1-0) (Pickard and Littlebury, loc. cit., p. 122, record rig 1*4603 
and [a]^ + 19*69° for d-weomenthol). 

The mixture of menthols thus obtained was oxidised by the 
method of Beckmann (Annalen, 1889, 250, 325). The menthone 
produced had b. p. 89—91°/16 mm., —5*44° (Z = 0*25), 

df 0*869, whence [a]ff — 24*28° (Pickard and Littlebury, be. cit, 
p. 124, state that Z-menthol and d-weomenthol alone when oxidised 
by the above method give Z-menthone of rotatory power between 
0]d - 23*3° and [a] D - 29*10°). 

By shaking the Z-menthone obtained with an aqueous methyl- 
alcoholic solution of equivalent proportions of semicarbazide hydro¬ 
chloride and potassium acetate, its semicarbazone was produced 
which, after drying, had m. p, 186—188° (Pickard and Littlebury, 
Zoo. tit,, give m. p. 189° for the semicarbazone of pure Z-menthone). 

It was thus proved that only two menthols were produced, giving 
hydrogen phthalie esters of opposite sign of rotatory power, and 
since they both gave Z-methone on oxidation they were Z-menthol 
and d^eomenthol, respectively. 

Reaction between l-Menthyl ip-Tolueneml$honate and Ammonium 
Acetate .—A mixture of the Z-ester (15*5 g.) and ammonium acetate 
(38*5 g.) was heated with occasional shaking for 96 hours at 110°, 
and then distilled with steam. The product isolated from the 
distillate with ether, on distillation, gave fraction I (3 g.), h. p. 

60—64°/17 inm., which was a menthene, and fraction II 

■ ■ ■ 
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b. p. 105—107°/17 mm., which was cZ-neomenthol (containing some 
Z-menthol) with rig + 2*5° (Z = 0-25). It readily gave a phenyl- 
carbamate which, after recrystallisation from methyl alcohol, had 
m. p. 104°. 

Interconversion of the Enantiomorphously related $-Octanols. 
1 -$-Octyl p -Toluenesulphonate .—Lsevorotatory (3-oetyl y-toluene- 
sulphinate (*}f — 9'64°; l = 1*0) (16 g., prepared by the interaction 
of Z-p-octanol, rig — 8-04° [Z = 1*0] and ^-toluenesulphinyl chloride 
in presence of pyridine) was dissolved in acetone (120 c.c.), and 
a solution of magnesium sulphate (10 g.) in water (50 c.c.) added. 
The mixture was vigorously stirred during the addition of finely 
divided potassium permanganate (10 g.). The solution, now perma¬ 
nently coloured, was diluted with water, and sulphur dioxide passed 
into the solution until the manganese mud had just dissolved. It 
was then cooled, extracted with ether, the ethereal extract dried 
over potassium carbonate, and the ether removed by distillation. 
Z-^-Octyl p-toluenesulphonate (14 g.) was thus obtained as a colour¬ 
less oil which showed no tendency to crystallise even when cooled 
in liquid air. It had <xg° — 6*78°, and decomposed rapidly when 
heated at 110°/0*1 Dim. 

Reaction between \-§-Octyl p- Toluenesulphonate and Potassium 
Acetate in Ethyl-alcoholic Solution .—The Z-ester (14 g.; rig — 6-78°) 
was added to absolute ethyl alcohol (75 c.c.) containing freshly 
fused potassium acetate (9-8 g.). After 17 hours’ heating under 
reflux, the reaction mixture was poured into water and the oil 
which separated isolated with ether in the usual manner. On 
distillation, a small fraction was obtained below 82°/17 mm. which 
was unsaturated, and after the main fraction (5 g.), b. p. 82—92°/17 
mm., had distilled, only a small, gummy residue remained. After 
three refractionations of the main fraction, d-(3-octyl acetate (1*5 g.) 
was obtained the rotatory power of which was unaltered by sub¬ 
sequent redistillation. It had d$' 0*8619, rig 1*4168, and rig —. 5*64° 
(Z «= 1-0) (compare Part V, loc. cit., and p, 2565 of this paper). 

Reaction between d^-Octyl p-Toluenesulphonate and Potassium 
Benzoate in Ethyl-alcoholic Solution. —The tester (ag' c * -f 7*30°; 
l = 1*0) .'{25 g.; Obtained by the oxidation of a jp-toluenesulphinate 
of d-P-octanol, with ag* + 18*18° [Z = 1*0]), and potassium benzoate 
(28 g.) in absolute ethyl alcohol (123 c.c.) were heated under reflux 
for 1^ hours, and the products isolated as previously described. 
Oil -6^6 fraohions were obtained: 1.(6 g.), b. p. 74— 

83^10 hi p. 83—170°/19 mm. 

? ^ Z-p-octyl ethyl ether. It was heated with 

phthalie anhydride (1$ gi) at 110° for 15 hours, and the resulting 
• fixture pouredinto a dflute solution of sodium carbonate. When all 
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the solid matter had dissolved, this solution was extracted with ether, 
and from the dried extract the Z-(3-octyl ethyl ether (now free from 
traces of P-octanol) was regained and fractionated until further 
redistillation left its rotatory power unchanged. It then had b. p. 
73—74 0 /17 mm,‘dJT 0*7836, 1*4081, njff 1*4099, and < - 14*08°, 

<4£i - 16*64° and - 26*92° (Z = 1*0). 

(These values are somewhat higher than those given in Part XIV, 
J., 1923, 123, 14, where the Z-(3-octyl ether described was prepared 
directly from Z-p-octanol, and should therefore be compared with 
the values obtained for the d- p-octyl ethyl ether prepared as described 
below.) 

Fraction II was Z-p-octyl benzoate. It was refractionated four 
times; its rotatory power then could not be changed by further 
redistillation. (The small increases in its rotatory power produced 
during the preliminary fractionations were attributable to purifi¬ 
cation; no evidence of the separation of the ester into two forms 
with different rotatory powers could be obtained.) The Z-(3-octyl 
benzoate obtained had b. p. 168°/18 mm., d%° 0*9679, 1*4864, and 

— 28*70° (compare Part XII, J., 1915,107, 121). By hydrolysis 
with alcoholic sodium hydroxide, Z-p-octanol was obtained with 
6*96° (i 6= 1-0). 

d -$~Octyl Ethyl Ether. —cZ-P-Octanol (a]f — 8*10°; Z = 1*0) (7 g.) 
was added to powdered potassium (1*9 g.) in ether (100 c.c.). After 
dissolution of the potassium, ethyl ^-toluenesulphonate (15 g.) was 
added in small quantities, and after 12 hours, the mixture was 
refluxed for 3 hours. The reaction mixture was then distilled in 
steam, and the crude d-p-octyl ethyl ether isolated in the usual 
manner and heated with phthalic anhydride (15 g.) as previously 
described. The purified cZ-P-octyl ethyl ether was redistilled until 
of constant rotatory power, when if had b. p. 73—74°/17 mm., 
0*7838, <1*4095, 1*4105 and agff + 15*38, «8Jf + 18*08, 

c© 6 + 33*36° (Z = 1*0). 

It is possible that this cZ-p-octyl ethyl ether thus prepared was 
optically impure, since the use of ethyl ^-toluenesulphonate as 
an alkylating agent may lead to loss of rotatory power (Part XVII, 
lot. cit.). 
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CCCLV .—The Relation between Chemical Constitution 
and Pungency in Acid Amides . 

By Edward Charles Snell Jones and Frank Lee Pyman. 

The constitution of piperine has long been known, and the dis¬ 
coveries of Nelson (J. Amer. Chem. Soc 1919, 41, 1115) that 
capsaicin is a decenovanillylamide and of Asahina and Asano 
(J. Pharm. Soc. Japan, 1922, 85) that the reduction product of 
spilanthol, the pungent principle of para-cress, is w-decoiaobutyl- 
amide have aroused considerable interest in the connexion between 
chemical constitution and pungency in acid amides. 

Nelson (J. Amer. Chem. Soc., 1919, 41, 2121) prepared the 
vanillylamides of the normal fatty acids up to dodecoic, and found 
that the pungency became pronounced with the rc-hexo-derivative, 
increased up to the ?z-nono-derivative, and then diminished. He 
prepared also a few vanillylamides of aromatic and unsaturated 
aliphatic acids, of which the most important was A w -undeceno- 
vanillylamide. His estimate of the relative pungency of his more 
active vanillylamides was w-hexo 5, w-hepto 25, n-octo 75, n- nono 
100, w-deco 50, n-undeco 25, n-dodeco 25, and A w -undeceno 25, as 
compared with capsaicin 100. 

Ott and Zimmermann ( Annalen , 1921, 425, 314) prepared several 
vanillylamides and concluded from the fact that they found the 
vanillylamides of a number of unsaturated acids and especially 
oleovanillylamide to be very pungent whilst stearovanillylamide 
was tasteless, that pungency is associated with unsaturation in 
the acyl group. Their view, however, has been shown to be 
incorrect by Nelson and Dawson (J. Amer. Chem. Soc., 1923, 45, 
2179), who find that dihydrocapsaicin ( 77 -methylnonovanillylamide) 
is just as pungent as capsaicin itself, which they showed to have- 
the constitution of -^-methyl-A e -nonenovanillylamide. 

Nelson did not study the effect of varying the basic part of the 
molecule except that both he and Lapworth and Boyle (J., 1919, 
115, 1109) state that the methyl ether of capsaicin is far less 
pungent than capsaicin. Ott and Zimmermann, however, prepared 
and noted the pungency of the A«-undeceno-derivatives of benzyl- 
amide (tasteless) and its 4-methoxy- (tasteless) and 2- and 4-hydroxy- 
derivatives (fairly pungent, 4>2). 

Staudingear And Schneider (Ber., 1923, 56, *699) and Staudinger 
and Muller (£&££,, p. 711) studied the pungency of a series of piper- 
idides. They found the piperidides of aliphatic or purely aromatic 
1 e only feebly pungent, whilst, in the pungency of the 
of the co-phenyl normal saturated fatty acids, a distinct 
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maximum effect was found, the $-phenyl-7i-valero~derivative being 
very pungent whilst y-phenyl- 72 -butyro- and e-phenyl-w-hexo- 
piperidides were only slightly pungent. The three 8-phenylpenteno- 
piperidides also were found to be very pungent, whilst y-phenyl- 
AMsocrotonopiperidide was only feebly pungent. They therefore 
associated the pungency of piperidides with the skeleton rather 
than with the state of saturation of the acyl residue. 

The present work was started with the object of preparing 
substances exceeding capsaicin in pungency, and a number of 
acylbenzylamides have been made. The method mainly employed 
was that of Nelson, namely, the action of acyl chlorides upon 
benzylamines, but a number of vanillylamides have been prepared 
by a method due to Einhorn (Annalen, 1905, 343, 207), namely, 
the condensation of the AT-methylol derivatives of acid amides with 
guaiacol. Einhorn did not determine the orientation of his con¬ 
densation products, but it is now shown that substitution took 
place in the para-position with respect to the hydroxy-group, since 
benzo-, chloroaceto-, and A w -undeceno-vanillylamides have been 
made both by the action of the acid chloride upon vanillylamine 
and by the condensation of the N-methylol derivative of the acid 
amide with guaiacol. The formation of benzovanillylamide by 
the two methods is formulated below: 


OH 

AjOMe 

CH 2 -NH 2 + PhCOCl 


OH 

AoMe 


bjH^NH-COPh 


OH 



+ HOCH 2 -NH-COPh 


After this result had been obtained, Bradner and Sherrill (U.S. 
Pat. 1503631 of 1924) recorded the formation of a pungent com¬ 
pound of undetermined constitution by the condensation of guaiacol 
with JV'-methylol-A^-undeoenoamide. 

In the course of the present work, we have varied both the acyl 
and the amido-residue. In varying the first, we were interested 
to find out how far the predominance of Tt-nonovanillylamide 
amongst Nelson’s synthetic compounds was due to the length of 
the acyl residue and how far to its mass. Prom this point of view, 
we have prepared and examined the pungency of the vanillylamides 
of (1) a branched-chain nonoic acid, (2) a series of co-phenyl satur¬ 
ated fatty acids, and (3) a number of halogeno-acetic acids. The 
results were as follows: (1) a4soPro$yl-n-hexovaniUylamide has only 
about 6% of the pungency of ■w.-nonovanillylamide. (2) Whilst 
benzora^ylamide is fsmtly pungent and ph^nylcmtopmillyii 
non-pungtot, p-j phenyl^opiovaniUylamide has some: 
pungency of w-nonovanillylamide and y-phenyl-n-b&fytte and; 
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Z-phenyl-n-valero-vanillylamides are slightly more pungent. The 
latter results may be contrasted with Staudinger’s experiences with 
the piperidides, where a distinct maximum effect was experienced 
with the S-phenyl-n-valero-derivative. It may be added here that 
the pungency of cinnamovanillylamide is trivial compared with 
that of its dihydro-derivative, (3-phenylpropiovanillylamide, and 
this result supports the opinion of Nelson and controverts that of 
Ott and Zimmermann as regards the effect of unsaturation on 
pungency. 

(3) The pungency of the mono -, ii-, and tri-cfiloroacetovanillyl- 
amides and of bromo- and iodo-acetovanillylamides was only slight 
and of the same order. It therefore appears that the shape rather 
than the weight of the side-chain is the important factor in the 
matter of pungency. 

Experiments in which the acyl group—w-nonoyl or undecenoyl— 
remained constant, whilst the amido-residue was varied, largely 
bore out the conclusions of Ott and Zimmermann. Where no 
phenolic hydroxyl was present in the molecule, as in n-nono -3 :4- 
methylenedioxybenzylamide and n-nonoA-methoxybenzylamide, no 
pungency was observed, whilst n-nono-4z-hydroxybenzylamide had 
about 10% and A»-undeceno-4-hydroxybenzylamide about 30% of 
the pungency of w-nonovanillylamide. The introduction of a 
further hydroxy-group into the meta-positions in these compounds 
increases the pungency still further, for the n-nono - and A°>-undeceno- 
3 : 4-dihydroxybenzylamides had respectively 25 and 50% of the 
pungency of ^-nonovanillylamide. 

The relative pungency of these compounds was determined by 
Pearson’s method (Pharm. J., 1919, 103, 78), that is, by dilution 
of aqueous-alcoholic solutions with water until pungency was barely 
perceptible when a few drops of the solution were tasted. The 
results are to be regarded as only approximately quantitative, 
because of the variation in the kind of taste of the compounds as 
well as the difficulty of comparing the intensities of tastes of the 
same kind. Some of these compounds hare, a purely pungent 
# taste, whilst the taste of others is a blend of flavour and pungency, 
and, further, the pungency itself varies from a crisp and transient 
sting to a dull, persistent, numbing burn. Thus at a dilution of 
1 in 500,000 ^-nonovanillylamide causes an immediate crisp sting, 
free from flavour, the effects of which last for 2 minutes, A w -undeceno- 
a dull numbing burn which takes two or 
three seconds to devdop and persists for 8 minutes, and has also 
an inky flavour, whilst capsaicin rapidly produces a vigorous burn 
lasting 6 minutes, end has also a flavour. On further dilutions to 
; in 5,000,000, the pungency of n-nonovanillylamide is barely 
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perceptible, whilst that of A w -undecenovaniUylamide and capsaicin 
is still faint, and therefore we regard these two compounds as 
rather more pungent than w-nonovanillylamide, whereas Nelson, 
who also comments on the varying character of the pungencies of 
these compounds, regards ft-nonovanillylamide as being four times 
as pungent as A w -undecenovanillylamide. 

Experimental. 

Preparation of Acylbenzylamides by Nelson's Method ,—The 
following general method was employed for the preparation of 
acylbenzylamides other than the halogeno-acetovanihylamides. 
The acid chloride (1 mol.) was added gradually to a solution or 
suspension of the dry amine (2 mols.) in sodium-dried ether, and 
the mixture was kept for 1 or 2 days with occasional shaking. 
The reaction product was extracted with 3% hydrochloric acid to 
remove the unchanged amine, and in the case of the sparingly 
soluble benzo-, phenylaceto-, cinnamo-, and ap-dichloro- £-phenyl- 
propio-vanillylamides the bulk of the acid amide was filtered off at 
this point. In the other cases, the ethereal solution was extracted 
with aqueous sodium carbonate to decompose unchanged acid 
chloride and to remove the acid; it then left, on distillation, the 
crude acid amide. Where the product contained a free phenolic 
hydroxyl group, however, it proved to be advantageous to extract 
it from the ethereal solution with aqueous sodium hydroxide, and 
after acidifying this solution to collect it by means of ether, thereby 
eliminating or hydrolysing any O-aeyl derivative present. The 
products were finally crystallised from the solvents mentioned in 
the table on page 2593, and obtained in the yields stated there. 
We attribute the higher melting points of our preparations of nono- 
and undeceno-vanillylamides as compared with Nelson's, in part 
to the extraction with sodium hydroxide mentioned above, and in 
part to the fact that we dried vanillylamine in a vacuum over 
sulphuric acid, whilst Nelson dried it at 110°, This difference in 
procedure is important, for vanillylamine suffers decomposition 
when heated with water at 100°, as Nelson has pointed out. 

In the case of chloroacetovanillylamide, where the above method 
could not be employed owing to the solubility of this substance in 
aqueous vanillylamine hydrochloride, and its sparing solubility in 
solvents immiscible with water, the following procedure was adopted. 
To anhydrous vanillylamine (20 g.) suspended in dry ether chloro- 
acetyl chloride (7*4 g.) was added drop by drop. After the vigorous 
reaction was complete the ether was removed by distillation, and 
the acid amide collected by prolonged extraction with hot 
form. Dichloro- and monobromo-acetovanillylamides we^lsolated 



2592 JONES AND PYMAN : THE RELATION BETWEEN CHEMICAL 

similarly, but whilst dichloroacetyl chloride reacted immediately 
and vigorously with vanillylamine, the reaction between bromo- 
acetyl bromide and the amine was very sluggish, and gave only a 
28 % yield after keeping for 3 weeks. Attempts to improve the 
yield by heating bromoacetyl bromide and vanillylamine with 
benzene, xylene, or ether in the presence of pyridine were unsuc¬ 
cessful. 

Trichloroacetovanillylamide was obtained by adding trichloro¬ 
acetic anhydride (20*2 g.) to anhydrous vanillylamine (20 g.) 
suspended in dry ether, regulating the reaction by cooling, removing 
vanillylamine trichloroacetate by filtration, and washing the 
ethereal solution with aqueous sodium carbonate, when it remained 
after removing the solvent. 

lodoacetoyanillylamide was prepared in theoretical yield by 
boiling chloroacetovanillylamide with sodium iodide in acetone 
solution for \ hour. Dichloroacetovanillylamide did not react with 
sodium iodide under these conditions, but the solution deposited 
sodium chloride after several hours at 120°. No sodium chloride 
was deposited after heating trichloroacetovanillylamide with sodium 
iodide in acetone solution for 10 hours at 150°. 

Properties of the Acylbenzylamides . — The acylbenzylamides 
described below are colourless, except iodoaceto- and P-p-nitro- 
phenylpropio-vanillylamides, which are straw-coloured, and nono- 
and undeceno-3:4-dihydroxybenzylamides, which could not be 
obtained free from brown colour. The monohalogenoaoeto- 
vanillylamides are moderately easily soluble in hot water, the 
remainder being almost insoluble. 

The vanillylamides of benzoic, phenylacetic, cinnamic, and the 
halogenated acids (except trichloroacetic) are sparingly soluble in 
ether, and generally less soluble in the usual organic solvents than 
the remaining acid amides. 

Particulars of the individual compounds are given in the tables 
on pages 2593-5. 

Subkitvied Benzylamines .—-These are prepared usually by the 
reduction of substituted benzaldoximes by means of sodium amalgam 
and glacial acetic acid in alcohol at about 60°. 

Nelson, (foe. cit) prepared vanillylamine from vanillinoxime in 
this way in an average yield of 65%, but Ott and Zimmermann 
(foe. c&.) failed to confirm this yield even approximately. We find 
that reduction by this means is best conducted below 30°, when 
good yields are obtained, the yield of vanillylamine from vanillin¬ 
oxime being 7§-?-80%, that of 3 :4-methylenedioxybenzylamine 
from pipe^naldoxime 92%, and that of anisylamine from anisald- 
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Small quantities of the dibenzylamines, divanillylamine and 
dianisylamine, were obtained as by-products of the reduction of 
the corresponding oximes, just as in the reduction of veratraldoxime 
(Rugheiraer and Schon, 2?er., 1908, 41, 17) and of benzaldoxime 
(Paal and Gerum, Ber. 9 1909, 42, 1553). 

Vanillylamine hydrochloride melted at 227° (corr.) and gave 
with sodium hydroxide (1 mol.) the free base, which contained 
2H 2 0. After drying over sulphuric acid, it melted at 145—146° 
(corr.). Nelson gives the m. p. of the dry substance as 131—133°, 
but it appears from the context that he dried it at 110°. 

Dimnillylamine hydrochloride , m. p. 244° (corr.), may be purified 
by crystallisation from water, in which it is much less readily soluble 
than vanillylamine hydrochloride (Pound: C, 58*8; H, 6*3. 
Ci 6 H 19 0 4 N,HCI requires C, 58*9; H, 6*2%). 

On the addition of the equivalent quantity of sodium hydroxide 
to its concentrated aqueous solution, divanillylamine was deposited 
in fine needles, which, after dehydration over sulphuric acid, melted 
at 92° and decomposed at 104° (corr.) (Found: C, 66*3; H, 6*8. 
C 16 H 19 0 4 N requires C, 66*4; H, 6*6%). 

Piperonylamine hydrochloride melted at 247° (corr.). Mannich 
and Kuphal (Ber. 9 1912, 45, 318) give 227° (not sharp). 

Anisylamine hydrochloride melted at 244° (corr.). Tiffeneau 
(Bull. Soc . ckim. 9 1911, 9, 819) gives 240—241°. 

In its preparation, the sparingly soluble dianisylamine hydro¬ 
chloride was obtained as a by-product (Found: C, 65*5; H, 6*9, 
Calc., C, 65*4; H, 6*9%). This salt had m. p. 255° (corr.) and the 
base 34° (corr.); Steinhart (Annalen, 1887, 241, 233) gives 243° 
and 34°, respectively. 

^-Hydroxybenzylamine melted at 109° (corr.) after dehydration 
in a vacuum; Saikowski (Ber., 1889, 22, 2142) states that it melts 
in its water of crystallisation at about 95°, 

3:4-Dihydroxybenzylamine hydrochloride is obtained in almost 
theoretical yield by heating vanillylamine hydrochloride (10 g.) 
with hydrochloric acid (20 c.c. cone.) for 5 hours at 140°. On the 
addition of slightly less than one equivalent of sodium hydroxide 
torts concentrated aqueous solution, in an atmosphere of hydrogen, 
3 : A^tiiydroxybenzylamirie is deposited in brown, sandy, anhydrous 
crystals, m. p. 158° (corr.; decomp.) (Found: C, 60*1; H, 6*7. 
CjHaOfcSf requires 0, 60*4; H, 6*5%). 

The Acids.-^*teoPropyl~n-heocoic acid. A mixture of ethyl 
isopropyhnalonate (1 mol.), ^-butyl bromide (1 mol.), and sodium 
ethoxide (1 mol.) tn: absolute alcohol was kept for several hours, 
3 and then boiledJbr I hdur under reflux. The product was isolated 
jin the usual way, and hydrolysed with alcoholic potash, when 
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isopropyl-n~butylmalonic acid was obtained in good yield. It formed 
hard prisms from absolute alcohol, m. p. 105° (corr.) (Found: 
C, 59*1; H, 9*0. O 10 H 18 O 4 requires C, 59*4; H, 9*0%). 

On distillation, it gave a-isopropyl-n-hexoic acid as an oil, b. p. 
220—225°, in a yield amounting to 77% of the theoretical calculated 
upon the ethyl isopropylmalonate used. 

On treatment with phosphorus pentachloride (1 mol.) in chloro¬ 
form, it gave the acid chloride, b. p. 155—158°, which gave with 
ammonia a-i&opropyl-n-hexoamide, small, fatty plates from chloro¬ 
form, m. p. 93° (corr.) (Found : C, 68*5; H, 12*2. 0 9 H 19 ON requires 
C, 68-7; H, 12*2%). 

Undecenoic acid is obtained together with heptaidehyde by 
distilling castor oil under diminished pressure. The process was 
first described by Krafit (JBer., 1877,10, 2034), whilst Becker (Ber. % 
1878, 11, 1412) states that the yield is about 10%, and Leeds»(Ber., 
1883, 16, 290) that the distillation is conducted under a pressure of 
100 mm. Ott and Zimmermann ( loc . cit) obtained a greatly improved 
yield by distilling the oil through a red hot platinum spiral under 
1 mm., cooling the receiver to — 80°, but these elaborate precautions 
are quite unnecessary, for a good yield may be obtained as follows. 

Castor oil (300 g. B.P. quality) is distilled under 10 mm., the 
receiver being cooled to —8°. Distillation begins when the 
temperature of “foe liquid reaches 293°, and this temperature remains 
stationary, whilst the temperature of the vapour rises from 140— 
175°. The rate of heating is controlled so that the temperature of 
the vapour does not exceed 175°. After about %\ hours, distillation 
ceases, and the distillate is redistilled under 10 mm., heptaidehyde 
is collected at 45° and undecenoic acid at 150—170°. Yield 67 g. » 
22 *3% by weight of the oil. 

&~Phenyl-n-valeric acid may be prepared readily as follows: 
y-Phenyl-n-propyl alcohol (20 g.) is converted quantitatively into 
Y-phenyl-tt-propyl bromide by the method of Bupe and Burgin 
(Ber.> 1910, 43,178) by means of phosphorus tribromide when 27 g. 
of the latter (in place of 20 g. as given by these authors) are 
employed. y-Phenyl-^-propyl bromide (20 g.) was heated for 
1 hour with the sodio-derivative of ethyl malonate (16 g.) in alcohol, 
and gave ethyl y-phenyl-n-propylmalonate, b. p. 198°/10 mm.; 
yield 70%. This gave on hydrolysis y-phenyl-n-propylmalonic acid, 
hard prisms from alcohol, m. p. 95° (corr.), which lost carbon dioxide 
at 160—170°, leaving 3-phenyl-n-valeriCfc acid, m. p. 58°. 

Preparation of Acylbenzylamides by Einhorn's Method.—Qmi&opX 
and jY-methylolbenzamide gave on condensation by 
method (loc. cit , p. 235) a substance, m. p. 144—145° (oont^ fe#; 
yield of 27% (Einhorn gives m. p. 148° and yield 



2598 occleshaw : the equilibrium m the systems 


25%) which was identical (by the mixed melting-point method) 
with benzovanillylainide prepared by Nelson’s method. i^-Methylol- 
benzamide is best purified by crystallisation from chloroform; 
it then melts at 104° (Einhorn, 104—106°). We were unable to 
purify the substance by crystallisation from dilute alcohol, the 
method used by Einhorn. 

Guaiacol and N -methylolchloroacetamide gave on condensation 
by Einhorn’s method (be, cit p, 292) a substance, m. p. 119—122° 
(corr.) (Einhorn, m. p. 116—119°), which was identical (by the 
mixed melting-point method) with chloroacetovanillylamide pre¬ 
pared by Nelson’s method. 

Guaiacol and N -methylolundecenoamide gave similarly a crude 
undecenovanillylamide, which was recognised as such by acetyl¬ 
ation and isolation of O-aceto-N-undecenovanillylamide , needles 
from alcohol, m. p. 88° (corr.) (Found : C, 69-6; H, 8-6. C 2X H 31 0 4 N 
requires C, 69*5; H, 8-6%), which proved to be identical (by the 
mixed melting-point method) with the product of acetylation of 
undecenovaniUylamide. 

N-Methybl-k*-undecenoamide. —Five grams of undecenoamide, 
m. p. 87° (corr.) (Aschan, Ber ., 1898, 33, 2349, gives 84*5—85-5°), 
formaldehyde (2*5 g. of 40% solution), and potassium carbonate 
(0*2 g.) in water (10 c.c.) are warmed and thoroughly mixed until the 
solution becomes clear. After keeping for 2 days, the separated 
crude iV'-methylolundecenoamide, m. p. 74—76°, is collected (yield 
96%). It is recrystallised from acetone, the first crop, containing 
some unchanged undecenoamide, being rejected. The pure sub¬ 
stance melts at 77° (corr.) (Found : C, 67*4; H, 11*0. C 12 H 22 0 2 N 
requires C, 67*5; H, 10*9%). 

MuNICmAL COLLEGE OF TECHNOLOGY, 

University of Manchester. [Received, August 28 th, 1925.] 


CCCLVL —The Equilibrium in the Systems Aluminium 
Sulphate-Copper Sulphate-Water and Aluminium 
Sulphate-Ferrous Sulphate-Water at 25°, 

By Vescext Joseph: Occleshaw. 

This investigation, was commenced to determine by means of a 
phase-rule study the conditions under which aluminium sulphate 
forms K p^sudo•■altHns ) >, i^{S0 4 ) s ,M''S0 4 ,24H a 0, the sulphates 
of such bivalent metals as magnesium, zinc, copper, manganese, 
and iron. When a large part of the work had been carried out, 
CWenand Mtchellfthis voL, p. 527) published their results for the 
systems aluminium sulphate-copper sulphate-water and aluminium 



ALUMINIUM SULPHATE—COPPER SULPHATE-WATER, ETC. 2599 

sulphate-manganous sulphate-water at 30°. As the author has 
no intention of investigating further systems of this type, the work 
so far completed is being described. 

Caven and Mitchell ( loc . cit.) have shown that no double salt exists 
in the copper sulphate system at 30°. The double salt 
Al 2 (S0 4 ) 3 ,FeS0 4 ,24H 2 0, called “ halotrichite ” or “ feather-alum,” 
is a naturally-occurring, so-called “pseudo-alum,” having been 
found by Forchlamner as a volcanic efflorescence in Iceland. Patter¬ 
son (J., 1896, 69, 66) found a salt approximating in composition 
to the above formula in wool-bleaching chambers, and the salt was 
prepared in presence of a large excess of sulphuric acid by Klauer 
(Annalen, 1835,14,261). Wirth also ( Z . angew . Chem 1913,26,181), 
who made an incomplete study of the ferrous sulphate system, 
prepared this salt. 

Experimental. 

The aluminium sulphate was recrystallised before use. The 
copper sulphate and ferrous sulphate were “ guaranteed chemicals ” 
purchased from Messrs. Hopkin and Williams. Weighed quantities 
of the salts, which were more than sufficient to give saturated 
solutions, were placed with wateT in well-stoppered bottles in the 
case of the copper sulphate system and in hard glass tubes with 
tightly fitting rubber stoppers in the case of the ferrous sulphate 
system. These bottles and tubes were rotated in a thermostat 
regulated at 25° ± 0*1° until equilibrium was attained. The water 
used for the ferrous sulphate system was boiled previously to 
remove dissolved air and cooled in a current of hydrogen. In this 
case the tubes were charged in an atmosphere of hydrogen and all 
air was replaced by hydrogen before they were closed. Oxidation 
of the ferrous sulphate and subsequent separation of ferric hydroxide 
were thus prevented, but when the ferrous sulphate content of the 
solutions was fairly high some difficulty was experienced in pre¬ 
venting oxidation. By commencing with solid salts and water, 
the amount of hydrolysis of aluminium sulphate, as noted by 
Britton (J., 1922,121, 982), was so small that it could be neglected. 
Usually about a week elapsed before equilibrium was reached, but 
shaking was continued for a further period in all cases and a second 
analysis made. In both systems the resulting liquid phase was 
drawn quickly by suction through a cotton-wool filter into a warmed 
pipette and transferred to a weighing-bottle. The solid phase was 
drained by suction and the moist solid transferred to a weighings 
bottle. After weighing, both liquid and solid phases were made 
up to known volumes with water and analysed. f ; > 

Copper sulphate was estimated iodometrically and aluminium 
sulphate calculated by difference after determination of the total 
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sulphate. Ferrous sulphate was estimated by means of perman¬ 
ganate and aluminium sulphate calculated as above. The sulphate 
estimation was carried out in hydrochloric acid solution as recom¬ 
mended by Moser and Kohn (Z. anorg. Chem., 1922, 122, 299) 
and by Britton (loc. cit.) when aluminium is present. Almost every 
result was duplicated. 

Fig. 1. 
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These results are plotted in Fig. 1, from which it will be seen 
that there is no double-salt formation in the copper sulphate system. 


^(S0 4 )^FeSO^HiO. 



Solutions. 

-x 1 00 ^ 4 — 4 x 3 vy. 
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Fra. 2. 
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The results obtained for this system differ somewhat from those 
obtained by Wirth (loc. cit.). The area of existence of double salt 
is rather greater than that determined by him, and his solutions 
prove to be supersaturated when compared with the corresponding 
ones of Fig. 2. In trying to confirm his results, some of the solu¬ 
tions were shaken for periods varying from 2 to 8 weeks, but the 
results obtained were always in agreement with those given above 
within the range of experimental error. 

In Fig. 2, the line joining the point representing pure water and 
that representing the double salt Al 2 (S0 4 )3,FeS0 4 ,24H 2 0 cuts the 
double-salt curve. Therefore it should be possible to crystallise 
the double salt from water. To test this deduction, which is in 
conflict with conclusions drawn by Wirth, a solution of equimolecular 
quantities of aluminium sulphate (22*2 g.) and ferrous sulphate 
(9*3 g.) in 30 c.c. of water (which had been previously boiled and 
cooled in a current of hydrogen) was kept in the thermostat at 25°. 
Dry, filtered air was drawn over the surface of the solution until 
sufficient solid separated out. This was sucked as dry as possible, 
washed with alcohol and then ether, and dried in air (Found: 
FeS0 4 , 16*4; S0 4 , 41*9. Al2(S0 4 )3,FeS0 45 24H 2 0 requires FeS0 4 , 
16*4; S0 4 , 41*5%). The salt so obtained appeared to consist of 
fine, white needles having a silky appearance which matted together, 
especially on filtration, to give a solid, not unlike asbestos in 
appearance. 

The author desires to express his thanks to Professor E, C. C. 
Baly, C.B.E., F.E.S., for granting facilities for carrying out this 
work, to Mr. D. M. Edwards, M.C., B.Sc., for the interest he has 
taken in it, and to Professor R. M. Caven, D.Sc. 

The University of Liverpool. . [Received* September 14 th, 1925.] 


CCCLVIL —The Effect • of Gum Arabic and other 
Emulsifiers on the Acid Hydrolysis of Esters in 
Heterogeneous Systems. 

By Robert Chbistie Smith. 

Investigations of the hydrolysis of methyl acetate in a homo¬ 
geneous system containing agar-agar (Reformatsky, Z. physilcal. 

.lf&Li 7, 34), gran.axabio (Pearce and O’Leary, J. Physical 
Mgbm,, 1924, 288,51; compare, however, Shukov and Stschonjkaxey, 
llii vv;i925, 29,285), or gelatin (Callow, Trans. Faraday Soc., 1915, 
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11, 55) seemed to show that the presence of the colloid had little 
or no effect on the rate of hydrolysis. 

The hydrolysis taking place in a heterogeneous system, the 
reactants being distributed between two immiscible phases, in 
presence of such substances as gums and other emulsifiers has now 
been studied. 

The predictions of theory for a heterogeneous reaction have 
already been confirmed by Goldschmidt and Messerschmitt (Z. 
physikal. Ohem. } 1899, 31, 235), but it is possible that in presence 
of emulsifying agents some deviation may occur. Haworth and 
Lapworth (J., 1921,119, 765), in the reduction of nitro-compounds 
by aqueous ammonium sulphide, obtained an increased yield by 
emulsifying. As, however, the emulsifier might have acted as a 
catalyst, care must be exercised in drawing conclusions from their 
results. The experiments of the author show that some emulsifiers 
do expedite certain heterogeneous reactions and that their action is 
not catalytic. For example, the rate of hydrolysis of ethyl acetate 
in hydrochloric acid was 0*00562 c.c. (of N- solution) per minute 
in the absence of gum tragacanth and 0*00482 in its presence, 
whereas, in a heterogeneous system, the rate in presence of the gum 
was very nearly doubled. Had the effect of the gum tragacanth 
been partly catalytic the rate of hydrolysis of the ester in homo¬ 
geneous solution also should ■ have increased. Similarly with 
dammar; in its presence, the rate increased in the heterogeneous 
system, but declined to 0*00434 in the homogeneous system. 

The reaction chosen first for study was the hydrolysis of ethyl 
acetate, dissolved in benzene, by hydrochloric acid in presence of 
the following emulsifiers at concentrations ranging from 0*01% to 
10 %: Qums , etc.—arabic, tragacanth, copal, dammar, mastic, 
sandarac, gelatin, isinglass, soluble starch— Solids —lamp black, 
blood charcoal, kaolin, fuller’s earth, pumice, gypsum, barium 
sulphate, sulphur. 

In the case of the solids, irrespective of their solubility in water 
and benzene, the rate of hydrolysis varied but slightly, being some¬ 
times above and sometimes below the normal value; for sulphur, 
it increased at first and then diminished. In no case, however, did 
the deviation from the normal rate exceed 15%. 

In the case of the gums, some striking results were obtained, 
especially with tragacanth and dammar, the normal rate being 
increased one and a half times by the latter, and being more than 
doubled by the former, at a concentration of 1%. With 01% 
arabic, a slight increase was noticed, but the rate became slower 
with increasing concentration. The rate was diminished by geMSi 
and isinglass, not appreciably affected by mastic and saa^atao 
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and increased by soluble starch. As the concentration of traga- 
canth increased, the rate increased, even after sufficient gum was 
present to absorb all the hydrochloric acid. This result suggests a 
specific absorption of both reactants. Another factor, however, 
must be operating, otherwise gum tragacanth should increase the 
rate of hydrolysis of an ester in homogeneous solution. As the 
observed rate in the heterogeneous system depends on the con¬ 
centration of the ester in the aqueous phase, it is suggested that 
the partition coefficient is materially altered by tragacanth and 
dammar; the former, owing to its absorbent nature, drawing more 
ester into the aqueous phase, and the latter, owing to its solubility 
in benzene, lowering that of the ester. 

Similar results were obtained with other esters and some of 
the emulsifiers mentioned above (see table). 

Experimental. 

Five c.c. of A-hydrochloric acid at 25° were added to a weighed 
quantity of the emulsifying agent (ground to pass a 150-mesh 
sieve) in a ground-stoppered glass bottle of about 250 c.c. capacity, 
previously warmed to 25°. Ten c.c. of A/2-ethyl acetate (A in 
the case of ethyl propionate and propyl acetate) in benzene were 
added, and the bottles placed in a rotary shaker of constant speed 
in a thermostat at 25°. At various intervals, after 200 minutes 
from the commencement, a bottle was withdrawn and cooled in 
ice-water for a minute in order to prevent any of the reactants 
being blown out on removal of the stopper; the whole contents 
were then titrated with standard baryta solution and phenol- 
phthalein. 

The percentage of the emulsifier is given as percentage of the 
total weight of the emulsion. Gums dispersible in water were 
left over-night with the hydrochloric acid. Blanks were .always 
made to determine if there was any appreciable hydrolysis of the 
gum itself* The lamp-black was purified by heating to redness, 
treating with hydrochloric acid, and washing with water. The 
fuller’s earth was treated with hydrochloric acid to remove the 
carbonate present, and then washed till acid-free. It was found 
easier to neutralise the hydrochloric acid present with sodium 
hydroxide free from carbonate and complete the titration with 
■ baryta. 

In the heterogeneous reactions, during the first 5 hours, only a 
small fraction of the ester was hydrolysed. It is therefore suffi¬ 
ciently accurate to calculate x/t, where x = number of c.c. of A-ester 
hydrolysed in l minut^. Readings were never taken more than 
© hours from the commencement of the experiment. Hence the 
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constants in the table represent the average number of c.c. of a 
^-solution of the ester hydrolysed per minute. The constants 
for the homogeneous reactions were calculated in the usual manner, 
the unit of time being the minute. Two sets of determinations 
were, made and the results of each set usually agreed within 3%. 

Table I. 


Traga- 

Ester. Normal. Arabic. canth. Dammar. Kaoliq.. 

Ethyl acetate . 0-0014 0-0012 0-0024 0*0020 0*0016 

Propyl acetate ... 0-00067 0-00064 0-00093 0-00086 0*00071 

Ethyl propionate... 0*00076 0*00077 0-00096 0*00099 0*00079 


The author takes this opportunity to thank the Carnegie Trustees 
for a grant which enabled the research to be carried out. 

University or Glasgow. [Received, June 16 th, 1926.] 


CCCLVIIL —An Investigation of the Effect of Differential 
Aeration on Corrosion by means of Electrode 
Potential Measurements , 

By A. L. MoAulay and F. P. Bowden. 

In a recent paper (American Chemical Society Corrosion Sym¬ 
posium, 1925 ; Ind. Eng. Chem 1925, 17, 363), Evans discusses 
oxygen distribution as a factor in the corrosion of metals. The 
present investigation was undertaken with the object of measuring 
the potentials between solution and metal in the various zones 
recognised by Evans on a metal corroded by a partly aerated solu¬ 
tion. The potential differences in different zones were very clearly 
distinguished and on attempting to co-ordinate the results by 
measurements on standard surfaces it was found that the method 
provided a sensitive means of detecting the commencement of 
corrosion and recognising the state of the surface. 

Experimental. 

In the first set of experiments the method of preparing the 
specimens described by Evans was adopted. Sheets of zinc and 
iron were partly immersed in A/10-sodium chloride and, after 
24 hours, their surfaces were studied. Following Evans, four 
distinct zones were recognised on the corroded specimen: (1) A 
zone unwetted by the solution. (2) A zone over which the solution 
has crept, necessarily well aerated. (3) A zone beneath, but close 
to the surface of the solution, also well aerated. (4) A zone of 
deficient aeration at greater depths. 
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Zones 1, 2, and 3 were bright and zone 4 was more or less badly 
corroded. Measurements were made of the single electrode poten¬ 
tial between N /10-sodium chloride and the various zones. 

In the second set of experiments the single electrode potentials 
between N /10-sodium chloride and standard surfaces were measured 
under differing conditions. These surfaces were extremely sensi¬ 
tive to exposure either to air or to electrolyte; e.g., to obtain the 
true potential of freshly deposited electrolytic zinc, it was necessary 
carefully to plate the whole of the exposed surface, wash with water, 
and measure the electrode potential before the zinc had completely 
dried. If the surface were allowed to become dry for more than a 
few minutes, its electrical character changed completely. 

Broadly classified, all the surfaces were electrically in one of two 
standard conditions, and the rapid changes were from one to the 
other of these standard conditions. 

Method of Measurement and Apparatus .—Two distinct methods 
of measurement were used. In the “ A ” method the specimen was 
dry and the single electrode potential was measured between the 
metal and a drop of JV/lO-sodium chloride of about | mm. diameter 
placed on the metal surface. It is necessary that the drop be very 
small, as otherwise the effects of corrosion by the drop are marked 
owing to differential aeration. This type of measurement gives the 
true single electrode potential between solution and metal. 

In the “ B ” method of measurement the specimen, or the region 
under investigation, was flooded with sodium chloride solution or 
with water, or occasionally was immersed to a depth of 0-5 cm. 
in the solution, and the potential difference between the electrolyte 
and the metal surface was measured at different places. This type 
of measurement gives the electrical conditions while corrosion is in 
progress. 

In the case of iron, the specimens prepared by Evans’s method 
were not allowed to dry, but were kept wet with water; this was 
necessary on account of the rapid decrease in the electrode potential 
of the corroded portion on exposure to air. 

The measurements were made against a normal calomel electrode, 
A (Kg. I). This communicated with a tube, B, filled with iV/10- 
' sodium chloride, the end of which was drawn out to a hollow tip 
with a diameter of about \ mm. This tip made contact with the 
solution above the metal plate, C. The potential difference between 
the mercury of the calomel electrode and the metal plate was 
measured by a potentiometer. The apparatus was sensitive to a 
millivolt. 

■ Experiments.—la the first series of experiments, specimens of 
zinc and iron were corroded by partial immersion in N /10-sodium 
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chloride for a period varying from 12 hours to 2 days. The results 
of measurements made on them by methods A and B are dealt with 
in the next section. 

In the second series of experiments measurements were made by 
method A on the following standard surfaces : 

Zinc, freshly deposited electrolytically. 

Zinc, freshly polished with sandpaper. 

Zinc, exposed to a well-aerated solution of N / 10-sodium chloride 
for 2 days. 


Tforma-Z Calomel 



Jltetal Plate 

Z_ 



Tract* 


1. 

v_ 


Fij. X 

Zinc the surface of which, had been, exposed to air for a con¬ 
siderable time. 

Zinc which had been heavily oxidised by heating. 

Polished and oxidised iron surfaces were also examined. 

As above mentioned, all these surfaces fell into one of two broad 
classes, one characteristic of freshly deposited metal which has never 
been exposed to air and the other characteristic of aerated surfaces. 
Under the influence of air, or differentially aerated electrolyte, one 
surface would pass rapidly from one class to the other. 

In measuring the potential between standard surfaces and N.j 10* 
sodium chloride, it was found that the potential difference varied 
with the size of the drop. A small drop on a dry surface (with the 



2608 MCAUDAY AND BOWDEN - : AN - INVESTIGATION OE THE EEEECT 

exception of dried zone 4 on zinc) gave the potential associated with 
one class, but if this drop were enlarged the potential immediately 
began to acquire the characteristic of that of the other class. This 
was found to be due to electrolytic action taking place between the 
well-aerated edge of the drop and its poorly aerated centre. The 
following measurements were made to confirm this result. 

A large drop, from 1 to 2 cm. in diameter, was placed on a zinc 
surface for about a minute and then blotted off, and the potentials 
where the centre and the edge of the drop had rested were measured 
with a drop about J mm. in diameter. The edge showed the 
potential characteristic of an aerated surface, and the centre, that 
characteristic of freshly deposited zinc. The latter very rapidly 
returned to its initial condition, and when measured was usually 
between the two conditions and falling rapidly. 

To confirm further this result, two zinc surfaces were prepared 
to simulate under very different experimental arrangements the 
conditions existing in large and small drops on the zinc surface. 
The specimen corresponding to a large drop was partly immersed 
in electrolyte and corroded under conditions of differential aeration. 
The potential of zone 4 was the same as the highest value obtained 
for the centre of the drop, but the zone, when visibly corroded, did 
not return to the aerated state for several days. The potential of 
zone 3 was that of the outside of the drop. The specimen corre¬ 
sponding to a small drop was immersed in electrolyte which was 
well aerated throughout by bubbling air through it. It remained 
uncorroded and its surface after treatment for more than 24 hours 
showed the potential characteristic of the small drop on a well- 
aerated surface. 

Discussion, of Results. 

In the corrosion of a metal immersed in an electrolyte, the metal 
shows an equi-potential surface owing to the small currents flowing. 
There is, however, a fall of potential down the solution, the positive 
regions being situated where the metal is most negative to the 
solution. Such a region corresponds exactly to the negative plate 
of a simple primary cell and is called anodic. 

Tigs. 2 and 3 summarise diagrammatically the general nature of 
the process that takes place. Chlorine ions move towards the 
anodic region under the influence of the electric field in the solution 
:.greater solution pressure in the corroded region. 
Theythereneutralise metallic ions, lowering the potential difference 
between solution and metal and enabling more metallic ions to leave 
the meiaL These ions on emerging restore the potential difference. 
Sodium ions migrate to the ennobled region and are neutralised by 
drawn from the metal. 
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As a broad generalisation, two types of surface may be recognised 
classified by the potential between them and N /10-sodium chloride. 
In the case of zinc the electrode potential of the first class against the 
normal calomel electrode is generally within 15 millivolts of —1*075 
volts, but may be more negative still where the corrosion is heavy. 
Fresh electrolytiealiy deposited zinc and zone 4 of the corroded 
metal are in this class. They are the less noble regions on the 
corrosion specimens, or the more anodic. The second class com¬ 
prises zones 1, 2, and 3 on corroded specimens, surfaces freshly 
polished with sandpaper, specimens exposed to uniformly aerated 
electrolyte, and all surfaces which have been exposed to air for more 
than a few minutes, with the exception of zone 4 on corroded 
specimens, which remains in the first class even after prolonged 


44 

Zn 



++ 

2Na 


++ 

Zn 


+ + 

Zn 


Fig. 2. 



++ 

Zn 


++ 

Zn 


a 


4 4 

Zn 


Oxidised surface. Corroded surface. 

Potential difference —1*000 volt. Potential difference —1*075 volt. 


44 

--2Na 


44 

Zn 


Zn 


+ + 

Zn 


Pig. 3. 


44 

Zn 


44~” 

ZnClg 

X 

44 44 44 

Zn Zn Zn 


Oxidised surface. 


Corroded surface. 


exposure to air. This second class of surface gives an electrode 
potential against the calomel electrode within about 15 millivolts 
of — 1-000 volt. Values considerably less negative than this are 
obtained with specimens oxidised by heating in air. Surfaces in 
this second class are the more noble regions on the corroded 
specimens. 

In the case of iron, few measurements against standard surfaces 
have been made. Measurements on corroded specimens and on 
polished specimens show the same general effects as with zinc, the 
two classes of surface described above being recognised and occur¬ 
ring under similar conditions. The first class has a potential differ¬ 
ence against the calomel electrode of about — 0-540 volt, the second 
class has a potential against the calomel electrode of — 0-340 volt. 
Iron surfaces of the first class, on exposure to air, very rapidly change 
to the second class. This is true for zone 4 in iron, which in zinc 
remains true to type when exposed to air. 

von. cxxvn. 4 s 
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Figs. 4 and 6 show, diagrammatically, corroded specimens of zinc 
and iron, respectively. The potential differences as measured by 
method A against the calomel electrode are shown on the figures. 
All these potentials given against the calomel electrode include 
the contact E.M.F. due to the liquid junction N-K.CI-N / 10- 
sodium chloride. No attempt was made to standardise this 
contact, and capillary tubes and plugs of filter-paper were in¬ 
cluded in the circuit. It is the relative rather than the absolute 
potentials of these zones which are of value. 



The principal results of the investigation may therefore be sum¬ 
marised as follows: There are two normal states in which iron and 
zinc surfaces tend to exist, one a more electro-negative state 
characteristic of pure metal and corroded regions, the other a less 
electro-negative state, characteristic of aerated regions. For zinc, 
the difference in single electrode potential between these states is 
about 75 millivolts; for iron, it is about 200 millivolts. By drastic 
treatment (heavy corrosion in the first case, heavy oxidation in the 
second) the potentials in these states become more negative and 
more positive respectively. When drastically treated, the surfaces 
are visibly heavily corroded, and, in the case of zinc, do not rapidly 
, change their condition without further drastic treatment. Experi¬ 
ments with drops have shown that surfaces having a clean bright 
appearancem^ be in either of the two states and then very rapidly 
change from one state to the other with change of conditions. 

TTottessity or* Tasmania, [Received, August 7th, 1925.1 
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CCCLIX .—Production of cyclo Telluripentanedione 

Dichlorides. 

By Gilbert T. Morgan. 

[With Frederick: James Corby, Oliver Cecil Elvtns, Eveline 
Jones, Richard Eatough Kellett, and Cyrtl James Allan 
Taylor.] 

The search for co-ordination derivatives of tellurium and the 
p-diketones led to the discovery of two new groups of cyclic 
tellurium compounds in which the diketone concerned furnishes a 
bivalent chelate group. These cyclic substances are not the sole 
products of the condensation of tellurium tetrachloride with 
p-diketones, and certain of the diketones examined have not given 
them, but as the result of numerous experiments it now becomes 
possible to predict with a fair degree of certainty which p-diketones 
are likely to furnish the chelate groups required to implicate 
tellurium in the six-membered rings. 

Certain constitutional features must be present in a p-diketone 
in order that it may function in the desired sense, and within the 
limits imposed by these structural requirements the reaction is 
a general one. 

TeCl 2 



Formula I represents any p-diketone . which would condense 
with tellurium tetrachloride to produce a cyclic telluridichloride 
(II), provided that the substituents R, R', and R" are of the 
appropriate chemical type. 

Acetylacetone, the simplest case, where R = R' — R" = H, 
gives as the main product ct/cZotelluripentane-3 : 5-dione 1:1-di- 
chloride (formula II). It has, however, also yielded two other 
products both of which are non-cyclic; the first of these is the 
telluritrichloride, CH 3 *C(OEt)ICH*0O*CH 2 *TeCl 3 , obtained by the 
intervention of ethyl alcohol present in ordinary chloroform, the 
second is a telluridichloride which is still enolic, ' ' ■ 

{CH 3 -C(0H):CH-C0-CH 2 } 2 TeCl2. 

These by-products arise evidently from interaction between tellur¬ 
ium tetrachloride and acetylacetone in its monoenolic form induced 
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by migration of hydrogen from the median carbon atom. It is, 
however, highly probable that the main cyclic product is due to con¬ 
densation with a dienolic modification, CH 2 IC(OH)*CH 2 'C(OH)ICH 2j 
developed by twofold enolisation from the two terminal hydro¬ 
carbon radicals. The process probably takes place in two stages, 
the tellurium tetrachloride first combining additively with the 
dienolic modification of the [3-diketone, giving rise to the hypo¬ 
thetical addition product (IV), which by subsequent loss of two 
molecules of hydrogen chloride passes into the stable c^/cfotelluri- 
dichloride (II). 


R-CH CHR 
HOC C*OH 

\/ 

OR', 


TeClg 

/\ 

R’OH CHR 

ci>6 fc<ci 

HC> \/ OH 


It is of general interest in connexion with dynamic isomerism 
that in these condensations the tetrachlorides of selenium and 
tellurium behave dissimilarly and evoke a different response from 
the reacting tautomeric diketone. Selenium tetrachloride attacks 
the monoenolic isomeride produced by median enolisation or its 
analogously constituted copper derivative. Tellurium tetrachloride 
links up the unsaturated ends of a five-membered chain arising from 
twofold terminal enolisation. This explanation of the mechanism 
of the tellurium condensation is supported by the following 
experimental evidence. 

1. Median enolisation . So long as 2R' in the foregoing formulae 
represent two hydrogen atoms there is considerable tendency for 
one of these to migrate to an adjacent oxygen atom, thus giving 
rise to median enolisation. The result of this dynamic change in 
the case of acetylacetone has already been mentioned; it leads 


to two non-cyclic products. Similar non-cyclic products have been 
noticed with propionylacetone, dipropionylmethane, di-w-butyryl- 
methane, and hexoylacetone. The last two diketones exhibit the 
interesting case of an enolic non-cyclic telluritrichloride, 
{0^ 5 -aB^*C(0H):CH-C0-CH(C 2 H 5 )}Tea 3 and 

{0 5 H u -CH 2 -G(0H):CH-C0-CH 2 }Tea 3 . 

It is probable that the three types of non-cyclic tellurium com¬ 
pounds (0-ethyl-trichloride and enolic trichloride and dichloride) 
may be present in other condensations with non-3-alkylated p-di- 
ketones, but that owing to instability and great solubility these 
products have not been isolated, the experimental difficulties 
becoming greater as the number of carbon atoms in the chain 
Smmm. 
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2. Lengthening of the unbranched chain . Providing that the 
tendency to terminal enolisation is not diminished by substitution 
of alkyl radicals for hydrogen in the reactive terminal methylene 
groups R'CHg-CO'CH^-CO'CHg'R', the lengthening of hydrogen 
chain R or R' does not prevent the formation of a ct/cZotelluri- 
pentanedione derivative, and the general nature of the reaction has 
been demonstrated by condensing such higher ketones as ft-octoyl- 
acetone, %-nonoylacetone, and w-duodecoylacetone (lauroylacetone) 
■with tellurium tetrachloride. The last of these has yielded 2-n-decyl- 
ejelotelluripentane-Z : 5-dione 1: 1-dichloride (VII), reducible to 
2-n-decylcjo\.otelluropentane-Z : 5-dione (VIII). 

Sufficient examples have been selected to show that the pro¬ 
duction of cycZotelluripentanedione dichlorides and their reduction 
to cycZotelluropentane-3 :5-diones are general reactions for all 
P-diketones having structural formula I when R and R" are normal 
or unbranched hydrocarbon chains. 

3. Alkylation of the median methylene group. When one R' is 
hydrogen and the other an alkyl group, the tellurium condensation 
becomes simplified so that, although many 3-alkylated p-diketones 
have been examined, only one telluriferous product has been 
identified in each case. The 3-alkylacetylacetones react smoothly 
and give 4-alkvlc?/cZotelluripentane-3 : 5-dione 1:1-dichlorides in 
good yield. The S-propylpropionylacetones (normal and iso) de¬ 
scribed below behave similarly and give rise to the two isomeric 
Z-methyl-A-propyfoyalotdluripeniane-S : 5-dione 1: l-dichlorides (W). 

3~isoButylacetylacetone also condenses smoothly with tellurium 
tetrachloride, yielding only one product, namely, the cyclic telluri- 
dichloride (II). 

4. Branched chains on the median carbon atom . 3-isoPropyl- 
acetylacetone, (OH 3 ) 2 CH*CH(CO'CH 3 ) 25 and 3-£sopropyIpropionyl- 
acetone, (CH 3 ) 2 CH’CHAc*CO*C 2 H 5 , furnish interesting examples of 
the influence of chemical structure on median enolisation. They 
differ from their ?i-propyl isomerides in giving neither ferric nor 
cupric derivatives. 3-iaoButylacetylacetone, 

(CH 3 ) 2 CH-CH 2 -CH(CO-CH 3 ) 2 , 

in which a methylene group is interposed between the branched 
chain and the median carbon atom, gives, however, both feme and 
cupric derivatives just as readily as 3-n-butylacetylacetone (J., 1924, 
125, 763). But although ordinary median enolisation is inhibited 
in the 3-^opropyl-p-diketones, they react with tellurium tetra¬ 
chloride to give cyclic telluridichlorides. If enolisation is an 
essential concomitant of the primary phase in this condensation, 
it is therefore more probably terminal than median. 5 

5,3:3 -Dialhylated $-diketones. The fact that 3 ;3-dto0t|yl- 
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and 3 : 3-diethyl-acetylacetone both give cyclic telluridichlorides 
is conclusive evidence that any preliminary enolisation must be 
terminal, since in these cases the possibility of median enolisation 
is absent (Morgan and Drew, J., 1924, 125, 735, 1601). 

6. Terminal branching chains . In formula I the terminal chains 
are represented by the symbols R*CH 2 — and —CH 2 R", and it has 
been found that cyclic telluridichlorides are not produced unless 
both methylene groups are present/ If cyclic condensation is 
prevented entirely by the conversion of one CH 2 R group into 
CHER', the (3-diketones with one such branching chain give only 
non-cyclic telluritrichlorides and dichlorides. 

With two terminal branching chains, as in dHsobutyrylmethane, 
the formation of telluriferous products is reduced to a minimum, 
90% of the tellurium is set free, and the only telluriferous product 
is a non-cyclic telluritrichloride formed to a very slight extent 
(Morgan and Taylor, this vol., p. 797). 

7. Influence of aromatic groups . Benzoylacetone is incapable of 
twofold terminal enolisation and gives rise only to non-cyclic 
telluriferous compounds, and for similar reasons ill-defined products 
are obtainable from dibenzoylmethane. 

When present in the positions indicated by R, R', and R", phenyl 
radicals prevent completely the formation of cycZotelluridichlorides 
unless a methylene group is interposed. This intervention is 
effected at the median carbon atom by benzylating the sodium 
derivative of (3-diketone as in 3 -benzylpropionylacetone, which 
condenses to form 4:-benzyl~2-methylcjclotellunpentane-S : 5-dione 
1: 1-dichloride (VI). 

3-Benzyl- and 3; 3-dibenzyl-acetylacetones have also been 
converted into cyclic telluridichlorides, although condensation did 
not occur with 3; 3-di-^-nitrobenzylacetylacetone (Morgan and 
Taylor, loc . tit). 

A benzyl group was introduced into terminal position R or R" 
(formula I) by operating with fi-phenylpropionylacetone, which 
underwent condensation with tellurium tetrachloride in the normal 
way, for although the cyclic telluridichloride was not isolated in a 
state of purity, it was identified by conversion into its reduction 
product, 2-bmzyhyclotetturopentane-% : 5-dione (V). 
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8. Reduction of cyclotellunpentanedione dichlorides to cyclo- 
teliuropentanediones . Apart from the chemical significance attach¬ 
ing to the new group of cyclic tehuridichlorides, these derivatives 
are of interest from the point of view of chemical bacteriology, 
because each member of the group is readily reducible to a cyclo - 
telluropentanedione (V and VI), the reaction being a general one. 
Many of these cyclic telluro-derivatives are sufficiently soluble 
in cold water to impart to the aqueous solutions outstanding 
germicidal properties. The most powerful bactericide of the series 
is 2 : 6-dimethylc?/c?otelluropentane-3 : 5-dione (from dipropionyl- 
methane), but as this derivative is difficult to produce in large 
amount the next most efficient members have been most exten¬ 
sively employed in bacteriological tests. These substances are 
2-methylcy cZotellur opentane-3 : 5-dione (from propionylacetone) and 
its 3-alkylated homologues. The methyl and ethyl derivatives have 
already been prepared, whereas the n- and ^so-propyl compounds 
and the benzyl derivatives, all symbolised by the general formula VI, 
are described in the experimental part of this communication. 

9. Oximes of cyclotelluropentane-3 : 5-diones. The chemical con¬ 
stitution ascribed to cycZotelluropentane-3 :5-diones (V and VI) 
as the result of the preceding experimental proofs is confirmed by 
the oximation of these substances. 

In general, both monoximes and dioximes are obtainable, 
although it is evident that the progress of this reaction is affected 
by steric hindrance. 

2-MethylcycZotehuropentane-3:5-dione resembles cycZotelluro- 
pentane-3 :5-dione, the simplest member of the series, in yielding 
chiefly the dioxime, whereas 2-methyl-4-ethylc«/cfotelluropentane- 
3:5-dione yields both mono- and di-oximes and the monoxime 
is never entirely absent even when drastic oximation is employed. 
These examples and the earlier cases (Morgan and Drew, Morgan 
and Taylor, Zoo. cit.) demonstrate the presence of two ketonic 
carbonyl groups in the cycZoteHuropentane-3 : 5-diones. 

Experimental. 

[With Frederick James Corby.] 

1. 2-Methyl-4c-propylcycloteUuropentane~3 : 5-dione (VI). 

Sodium propionylacetone (23 g.), made from the diketone in 
dry ether, was heated for 8 hours with 80 g. of ^-propyl iodide; 
reaction commenced at 115°, the temperature was maintained at 
130° for 2 hours, and finally raised to 150°. The cooled mixture 
was added to water, the aqueous layer extracted with ether^ahd 
the ethereal extract added to the organic layer. The latter 
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fractionation furnished u-propylpropionylaceioney b. p. 210°/750 mm. 
with slight decomposition. This ^-propyl diketone gave an intense 
bluish-purple coloration with ferric chloride quite distinct from the 
blood-red tints obtained with the non-3-alkylated diketones. The 
new diketone had a pleasant terpenoid odour and yielded with 
ammoniacal cupric acetate a greenish-grey, voluminous precipitate 
of copper 3-n-propylpropionylacetone , readily soluble in acetone, 
methyl and ethyl alcohols and crystallising from benzene in 
greenish-grey, silvery needles melting and decomposing at 178° 
(Found : Ou, 16*8. C 18 H 30 O 4 Cu requires Cu, 17-0%). 

2-Methyl-4-n-propyfayclotelluripenta7ie-% : 5-dione 1:1 -Dichloride, 

CH 3 # [CH 2 ] 2 *OT 

—After heating under reflux for 1£ hours a mixture of 6 g. of 3-n- 
propylpropionylacetone, 5*7 g. of tellurium tetrachloride, and 50 c.c. 
of chloroform, the orange filtrate from tellurium was concentrated 
in a vacuum over calcium chloride until crystals of the telluri- 
dichloride separated. The mother-liquor after extraction with 
light petroleum to remove unchanged diketone was again con¬ 
centrated, and the process repeated so that three crops of crystals 
Were obtained (yield 62%). Recrystallised from chloroform, the 
dichloride separated in colourless prisms darkening at 145°, blacken¬ 
ing at 150° (Found : Cl* 20*2; Te, 35-9. CgH^OgC^Te requires 
01, 20*2; Te, 36*15%). 

When suspended in ice-cold water and treated with potassium 
metabisulphite, the dichloride was readily reduced to 2 -methyl* 
4z-n-propylcyGlQtelluropentane-3 : 5-dione (VI), with slight deposition 
of tellurium. The product was soluble in water, but less soluble 
than its 3-methyl analogue; it was recovered from aqueous solution 
by benzene. It was obtained from methyl alcohol in golden- 
yellow crystals, m. p. 102° with slight decomposition (Found: 
C, 38*3; H, 5*1; Te, 44*9. C 9 H 14 0 2 Te requires C, 38*4; H, 5*0; 
Te, 45*2%). 

2. 2-MethylA-impropyfoyclotelluropeniane-% ; 5-dione (VI). 

Sodium propionylacetone (23 g.) was heated with 120 g, of 
isopropyl iodide for 8 hours at 130°. The cooled mixture was 
poured into water and the two layers were worked up as in the 
case of the %-propyl isomeride. 

3-isoProj^^qpiow^^ei<me, CH 3 *CH 2 *CO*COa(CHMe 2 )*CO*CH 3 , 
boiled at 195°/750 mm. with slight decomposition; it differed 
from 3-n^propylpropionylacetone in not developing any ferric 
coloration and in not giving a copper derivative with ammoniacal 
acetate. 
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2- Methyl-4:-isopropylcjclotelluripentaniz-3 : 5-dione 1: 1-Dichloride, 

(CH 3 ) 2 CH.CH<gg;g§— > TeC | # . 

—Ten g. of the preceding diketone, 9 g. of tellurium tetrachloride, 
and 80 c.c. of purified chloroform were heated under reflux for 
2 hours and the orange filtrate was concentrated to the crystallising 
point. The subsequent procedure was the same as in the case of 
the ^-propyl isomeride, and the teUuridichloride crystallised in 
colourless, glistening prisms darkening at 168° and blackening at 
173° (Found: Cl, 20-1; Te, 35-8. C 9 H 14 0 2 Cl 2 Te requires Cl, 
20*2; Te, 36-17%). 

Reduction in the normal way led, with liberation of free tellurium, 
to 2-methyl-4:-isopropyfoyclotdluropentane-3 : 5-dione (VI); this pro¬ 
duct crystallised from methyl alcohol in light yellow needles, 
m. p. 127°; it was much less soluble in water than the corresponding 
?i-propyl compound (Found: C, 38-5; H, 5-05; Te, 44*85. 
C 9 H 14 0 2 Te requires C, 38-4; H, 5*0; Te, 45-1%). 

An attempt was now made to prepare a third isomeride of the 
foregoing isomeric pr opyltellur o - derivatives. 3-Methylpropionyl- 
acetone, prepared by the method formerly described (J., 1924, 
125, 745), was dissolved in dry ether and converted into sodium 
salt. The latter was heated with 3 parts of ethyl iodide in an 
autoclave for 6 hours at 180°, the pressure being 10 atmospheres. 
The dialkylated diketone was extracted from the mixture by the 
procedure adopted for the two propylated diketones. On fraction¬ 
ation, 3-methyl-S-ethylpropionylacetone distilled at 118°/10 mm. 
(yield 25%). The cliketone, which had a fragrant odour, gave 
neither coloration with ferric chloride nor precipitate with am- 
moniacal oupric acetate. 

In the condensation with tellurium tetrachloride and 3-methyl- 
3-ethylpropionylacetone, tellurium was deposited and a consider¬ 
able amount of tar was produced; the telluridichloride was not 
isolated, although it was probably present in the brown, tarry 
chloroform solution, since this changed to bright yellow on treat¬ 
ment with aqueous metabisulphite. 

3. 4t-Benzyl-2-methyhjeloteUuropentane-Z ; 5-dione (VI). 

3 - Benzylpropianylacetone. —Sodium propionyl&cetone (34 g.) was 
heated under reflux with 13 g. of rectified benzyl chloride for 
8 hours at 140°, the product being worked up as in the case, of 
the propylated diketones. The benzylated diketone, which dis¬ 
tilled at 185°/20 mm., was a colourless liquid with fragrant odours 
it developed an intense reddish-violet coloration with ferric chloride 
and with ammoniacal cupric acetate it yielded a copper derivative 

: 4S* 
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readily soluble in alcohol, acetone, or benzene to dark olive-green 
solutions. Copper 3-benzylpropionylacetone crystallised from these 
solvents in pale grey, silvery needles, m. p. 182° (Found: Cu, 
13*4, C 26 H a0 O 4 Cu requires Cu, 13-6%). 

4-Benzyl-2-m&thylcyelotelluripentane-3 : 5-dione 1 :1 -Bichloride, 

C fi H 5 -CH 2 -CH<gg;gg|”>T e a 2 

—The orange solution obtained by heating 8*6 g. of 3-benzyl* 
propionylacetone, 5*8 g. of tellurium tetrachloride, and 50 c.c. of 
dry chloroform for 2 hours was decanted from tellurium and con¬ 
centrated in a vacuum to the crystallising point. The mother- 
liquor was treated as in the case of the propylated dichlorides, and 
5 g. of telluriferous product were obtained. Recrystallised from 
acetone, the tetturidichloride separated in colourless, glistening 
prisms, m. p, 168° (Found : Cl, 17-7; Te, 31*8. C^H^OgCl^Te 
requires Cl, 17-75; Te, 31*7%), 

Suspended in water and reduced with potassium metabisulphite, 
the dichloride yielded 4-benzyl-2-methylcyclotelluropentane-3 : 5-dione 
with very slight elimination of tellurium. This telluro-derivative 
crystallised from methyl alcohol in yellow needles, m. p. 124° with 
decomposition. The crystals did not sublime in a vacuum and 
were only slightly soluble in water (Found : C, 47-5; H, 4*4; Te, 
38-4. C 13 H u 0 2 Te requires C, 47-3; H, 4*3; Te, 38-8%). 


[With Eveline Jones.] 

1. 3-iso Butylacetylacetone, (CH 3 ) 2 CH*CH 2 *CH(CO-CH 3 ) 2 . 

Rectified isobutyl iodide (b. p. 117—120°) was obtained in 60% 
yield by Blaise’s method (Bull. Soc. chim ., 1911, 9, 1). A mixture 
of 161 g. of this iodide and 52 g. of sodium acetylacetone con¬ 
tained in a stoppered glass bottle was heated gradually in a rotating 
autoclave to 170°, and was maintained at this temperature for 
an hour (pressure 150 lb. per sq. inch). The liquid contents of 
the bottle were drained from sodium iodide and unchanged sodium 
acetylacetone, and the latter solids were extracted with ether. 
The oil and ethereal extracts were distilled together up to 124° to 
remove solvent and isobutyl iodide, and the residue was fractionated 
under reduced pressure; the fraction distilling at 93—94°/10 mm. 
consisted of 34Bobvtylacetylacetone, which developed a bluish- 
purple coloration with feme chloride and was purified by con¬ 
version into its copper derivative by interaction with ammoniacal 
cupric acetate. Copper iBobuiylacetylcLcetone crystallised from petro¬ 
leum (b. p. 60—£0°) in well-defined, steel-grey needles, m. p. 158* 
(Found : Cu, 16-9. C 1 ^ 30 O 4 Cu requires Cu, 17*0%). 
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^-isoButylcyclotelluripentane-3 : o-dione 1 : l~Dichloride , 

(CH 3 ) 3 CH-CH 2 -CH<gg;^>TeCl 2 . 

—A mixture of 5-8 g. of 'isobutylacetylacetone and 5 g. of tellurium 
tetrachloride in 40 c.c. of purified dry chloroform was heated on 
the water-bath for 1—2 hours. The filtrate from a small deposit 
of tellurium was concentrated at the or din ary temperature until 
acicular crystals separated. Recrystallised from acetone or chloro¬ 
form, the dichloride separated in well-defined, colourless needles, 
m. p. 142° (yield 2 g.) (Found : Cl, 20-3; Te, 364. C^O^eC^ 
requires Cl, 20*1; Te, 36*2%). 

^-isoButylcyolotelliiropentane-Z: 5-dione, 

(CH 8 ) a CH-CH 2 -CH<gg;g|2>Te. 

—The foregoing dichloride when reduced with aqueous potassium 
metabisulphite yielded a yellow solid sparingly soluble in water. 
Recrystallised from benzene, the ZeZZwro-derivative separated in 
yellow leaflets, m. p. 150° (Found : C, 384; H, 5*0. C 9 H 14 0 2 Te 
requires C, 384 ; H, 5'0%). 

2. $-Phenylpropionylacetone } C 6 H 5 *CH 2 *CH 2 *CO*CH 2 *CO*CH 3 . 

Ethyl p-phenylpropionate, prepared by boiling 209 g. of p-phenyl- 
propionic acid for 2 hours with 900 c.c. of absolute alcohol con¬ 
taining 30 g. of hydrogen chloride, was fractionated until boiling 
at 244—245°. The Claisen condensation was carried out with 
acetone and sodium in calculated quantities and ethyl p-phenyl- 
propionate (3 mols.), the acetone being diluted with six times its 
volume of dry benzene. After 12 hours, the mixture was heated 
on the water-bath, cooled, and poured on to ice, the aqueous layer 
being treated successively with acetic acid and cupric acetate. 
The precipitate consisted of a mixture of copper p-phenylpropionate 
and copper $~phenylpropionylacetone, which were separated by 
fractional crystallisation from benzene, the latter compound being 
the more soluble. When purified, it had a greyish-blue colour 
and melted at 158° (Found : Cu, 144. C 24 H 26 0 4 Cu requires Cu, 
14*4%). 

2 -Benzylcydotelluripentane-S : 5-dione 1 : Dichloride .—Hydrogen 
chloride was evolved with a slight deposition of tellurium when 5 g. 
of tellurium tetrachloride, 5*3 g. of p-phenylpropionylacetone, and 
40 c.c. of purified chloroform were heated on the water-bath for 
2 hours. The solution was concentrated in a vacuum desiccator 
to a dark brown jelly and stirred with light petroleum, but the 
semi-solid mass showed no tendency to crystallise and accordingly 
it was reduced with aqueous potassium metabisulphite, when ' js> ; 



2620 


MORGAN : 


yellow solid separated mixed with tarry matter and tellurium. 
After extraction with hot alcohol, the golden-yellow filtrate yielded 
2-benzylcycloielluropentane-Z : 5-dione (V) in small, yellow crystals 
decomposing at 159° (Found; C, 45*8; H, 3*9; Te, 41*0. 
C 12 H 12 0 2 Te requires C, 45*6; H, 3*8; Te, 40*4%). 

[With Cyril James Allan Taylor.] 

1. Copper duodecoylacetone, prepared by the Claisen condens¬ 
ation from methyl undecyl ketone (Morgan and Holmes, J. Soc. 
Chem . Ind., 1925, 44, 108t), was decomposed with sulphuric acid 
in presence of ether. The free (3-diketone obtained from the 
ethereal layer melted at 31—32° and had the characteristic pro¬ 
perties of its series. 

2-n-Decylcyclotelluripentane-3 : 5-dione 1: l-Dichloride (VII). 

(VII,) C 10 H 2 x*GH*TeCl 2 *(pH 2 C 10 H 21 *^H Te CH 2 ) 

OC—CH 2 —CO OC—CH 2 —CO 

—Four g. of tellurium tetrachloride and 5 g. (1-5 mols.) of duo¬ 
decoylacetone were heated in chloroform solution for 3 hours. 
The dark brown oil obtained on evaporation was extracted repeatedly 
with petroleum (b. p. 40—60°) to remove unchanged diketone and 
then left for 1 month in a vacuum desiccator. Crystallisation set 
in and the solid product was stirred successively with carbon 
tetrachloride and petroleum. The warm benzene extract of this 
product was diluted with excess of petroleum, when silvery-white 
flakes separated (yield 21%) (Found: Cl, 16*4; Te, 29*4. 
C^B^gOgClgTe requires d, 16*3; Te, 29*2%). 

2-w-Decylcyctotelluripentane-3 : 5-dione 1:1-dichloride was readily 
soluble in cold benzene, chloroform, or acetone, less soluble in 
carbon tetrachloride, and dissolved only sparingly in petroleum; 
it melted at 89°. 

2-n-DecyhjGlotdluropeniane-Z: 5-dione (VIII), obtained by the 
reduction of the preceding substance with alkali bisulphite, crystal¬ 
lised from aqueous alcohol in pale yellow, woolly masses, m. p. 
98—99° (decomp.) (Found : C, 49*1; H, 7*1, C 15 H2 6 0 2 Te requires 
C, 49*25; H, 7*1%). 

This tefluropentanedione derivative was readily soluble in cold 
benzene or alcohol, insoluble in water, but dissolved in dilute 
aqueous caustic soda, especially on warming; on prolonged boiling, 
tellurium was deposited. 

2. TeRurium TetracJdoride and 3-Phenyl$>ropionylacetone. 

Four g. of tellurium tetrachloride were added to 6*0 g. (2 mols.) 
of 3-phenylpropi<mylacetone (Ber., 1925, 58, 340) in 25 c.c. 
of chloroform, and the solution was boiled for 1— 2 hours. After 
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evaporating off the solvent, the tarry residue was extracted twice 
with light petroleum and digested with carbon tetrachloride, and 
the solution in this solvent concentrated, when crystallisation 
set in. The product, which was much discoloured, separated from 
carbon tetrachloride in colourless lamellae, m. p. 64—68°. It gave 
the enolic reaction with ferric chloride and was very sensitive to 
moisture; it did not evolve the earthy odour of an O-ethyl 
(3-diketone with cold alkali. 

The condensation was varied by changing the proportion of di¬ 
ketone, but the products were similar and contained about 19*4% 
of chlorine, with C, 27*1; H, 2*6%. These numbers did not corre¬ 
spond with the values calculated for a cyclic dichloride, X^Tedg, 
or for di- and tri-chlorides of the type X'TeCl 3 and X' 2 TeCl 4 . The 
reduction product with alkali bisulphite was unstable. It was 
therefore evident that the condensation of 3-phenylpropionyl- 
acetone with tellurium tetrachloride did not lead to a derivative 
of the c^cZoteUuripentanedione dichloride series. 

[With Richard Eatough Kellett.] 

1. 2-Methykyclotelluropentane~3 : 5-dione Dioxime , 

CH 3 *OH Te CH 2 

noh:c>-gh 2 —o:noh. 

—Two g. of hydroxylamine sulphate in 30 c.c. of water were added 
to 0*7 g. of 2-methylc^cZotelluropentane-3 :5-dione (J., 1923, 123, 
450) in 50 c.c. of water ; the solution was neutralised with sodium 
hydroxide and warmed on the water-bath* The crude oxime 
separated, on cooling, in minute, yellow crystals. Extraction of 
this precipitate with boiling benzene gave a small amount of 
soluble product, probably monoxime, blackening at 135—150°. 
The residue dissolved in warm alcohol and separated in greyish- 
yellow crystals darkening at 153° and melting sharply at 161*5° 
(Round: N, 10-4; Te, 47*0. C 6 H 10 OoN 2 Te requires N, 10*4; Te, 
47-3%). 

The dioxime was insoluble in hot water or benzene. 

2. The Oximes of 2-MeihylA-ethyhyGlotelluropeMane-^: 5-dione. 
—Two g. of hydroxylamine sulphate in 50 c.c. of water were added 
to 0*7 g. of 2-methyl-4-ethylc^cZotelluropentane-3:5-dione (J., 
1924, 125, 758) in 50 o.c. of warm alcohol. Sodium acetate was 
added with sufficient water to bring the reagents into solution 
when heated on the water-bath. Some tellurium separated and 
after 10 minutes the cooled solution deposited a voluminous mass 
of yellow crystals; the greater part of this dissolved readp^t®; 
warm benzene, but the nitrogen content of the crystallised predict 
was 7*7, that is, intermediate between 5-0 and 9-4 
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the mono- and di-oximes respectively. The mixture was extracted 
with either boiling water or a small amount of benzene. After 
repeated crystallisation, the more soluble monoxime was isolated 
in bright yellow crystals blackening at 135° and melting at 157° 
(Pound: N, 5*1; Te, 45-1. C 8 H 13 0 2 NTe requires N, 5*0; Te, 

■ «•!%). 

2-Methyl-&-ethyloyclotelluropentane-3 : 5-dione monoxime (IX) was 
only sparingly soluble in hot water and decomposed slightly in 
aqueous solution. 

(IX.) CH 3 -CH-Te-CH 2 CH 3 -CH-Te-CH 2 (X} 

OC~CHEt~C:NOH XOH:C“CHEt~C:NOH 

2-M ethyl A-ethyhyclotelluropentane-3: 5-dione Dioxime (X).— 
Oximation to the dioxime was never complete, even on carrying 
out the condensation in solutions rendered alkaline with sodium 
hydroxide, either by direct treatment of the diketone or by the 
further action of hydroxylamine on the monoxime. The mix ed 
products from either of these operations were extracted with 
boiling benzene to remove monoxime, and the residues crystallised 
from boiling alcohol, in which they dissolved without decomposi¬ 
tion. The dioxime separated as a greyish-yellow, crystalline powder 
blackening at 170° and decomposing at 182° (Found: N, 9*7; 
Te, 42*7. C 8 Hi 4 0 2 lSr 2 Te requires N, 9*4; Te, 42*85%), 

The dioxime is practically insoluble in hot water or cold benzene, 
more soluble in the latter on boiling, and dissolves with slight 
decomposition in warm acetylaeetone. 

[With Oliver Cecil Elvtns.] 

1. 4:-8ec.-Butyleyclotelluripentane-3 : 5-dione Bichloride . 

aec.-Butyl alcohol, synthesised by Wood and Scarf's process (J. 
Soc. Chem . Ind,, 1923,42, 13t) (74 g.), was converted into sec.-butyl 
iodide by treating with red phosphorus (20 g.) and iodine (128 g.), 
the latter reagent being added in small quantities. After warming 
the mixture, the iodide was distilled* off, washed with aqueous 
sodium carbonate, dried, and fractionated (b. p. 117—118°). 

^ ^ (CH 3 -CO) 2 CH-CH(C 2 H 5 )'CH 3 , was ob¬ 

tained by heating in a rotating autoclave at 140—160° for 2 hours 
(pressure 120 lb. per sq. inch) 35 g. of sodium acetylaeetone and 
10 g. of aec.-butyl iodide. The resulting mixture was filtered, the 
sodium iodide washed with ether, and the combined filtrates were 
di s tilled first under the ordinary and then under reduced pressure. 

fcotiihg ■ at 110—113°/13 mm. was again rectified until 
%'ceased to give the red coloration with ferric chloride. The 
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final product boiled at 109—111°/13 mm., but the yield was only 
9% of theory. 

3- sec .-Butylacetylacetone gave no copper derivative with am- 
moniacal copper acetate, but underwent condensation with tellurium 
tetrachloride. A chloroform solution (30 c.c.) of the latter reagent 
(2-9 g.) and diketone (2*5 g.) evolved hydrogen chloride on boiling 
and 0-2 g. of tellurium was set free. The filtrate, concentrated 
in a vacuum to a brown tar, solidified on treatment with light 
petroleum. The solid product crystallised from benzene in lustrous, 
colourless, prismatic needles darkening at 162° and melting at 
168—169° (yield 37%) (Found: Cl, 20-0. C 9 H 14 0 2 Cl 2 Te requires 
Cl, 20*1%). 

4- sec .-Butyleyclotettiiripenta?ie-3 : 5-dione 1 : 1 -dichloride (XI) 
was reduced with aqueous sodium bisulphite and the insoluble 
reduction product was extracted with benzene and crystallised 
from alcohol. 

CHg-TeClg-CHg CH-Te-CH 2 

(XI.) CO—(pH—CO CO—CH—CO (XH.) 

CH 3 -CE>C 2 H 5 CH s -CH*C 2 H 5 

4:-seG.-Butykyclotelluropentane-Z : o-dione (XII) was obtained in 
primrose-yellow needles, m. p. 145° (Found: C, 38*2; H, 5*3. 
C 9 H 14 0 2 Te requires C, 38*45; H, 5*0%). 

2. 4:-sec.-dl-AmyloyQlotelluripentane-3 : 5-dione 1:1 -Dichloride. 

CH 2 ~Tea 2 -CH 2 CH 2 -Te-CH 2 

(XHI.) CO-CH—CO CO—CH—CO (Xiv.) 

CH 2 -CHMeEt CH 2 -CHMeEt 

—An intimate mixture of 52 g. of dU amyl iodide and 20 g of sodium 
acetylacetone was maintained at 130° for 2 hours in the rotating 
autoclave (100 lb. per sq. inch), and finally at 160° for 30 minutes. 
The oily product and the sodium iodide were treated as in the 
preceding preparation (p. 2622). dl-sec. -Amylacetylacetone was 
obtained as an oil, b. p. 116°/15 mm. (yield 36%). In alcoholic 
solution this 3-alkylated diketone developed a purple coloration 
with ferric chloride, the liquid becoming blue on addition of water. 
With ammomacal cupric acetate the copper derivative was obtained; 
it crystallised from methyl alcohol in greenish-grey needles, m, p, 
120°, and was very soluble in chloroform, benzene, or petroleum 
(b. p. 80—100°), but dissolved only slightly in light petroleum 
(b. p. 40—60°) (Found: Cu, 16*2. C^H^C^Cu requires Cu, 
15*9%). 

Condensation of the diketone and tellurium tetr^hloinwi^''^^ 
effected in purified chloroform, and the cyclic dichloride extracted 
as in the preceding preparation (p, 2623), the yield 
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4:-see>-Amylcyclotelluripentane-3 : 5-dio?ie dichloride. (XIII) crys¬ 
tallised from benzene in colourless, lustrous, prismatic needles 
darkening at 136° and melting at 162° (Found : Cl, 19*6; Te, 34*5. 
C 10 H 16 O 2 Cl 2 Te requires Cl, 19*3; Te, 34*8%). 

4:-seG.-Amyhyclotelluropentane-Z : o-dione (XIV), obtained from 
the preceding dichloride by reduction with bisulphite, crystallised 
from benzene or dilute alcohol in pale yellow leaflets, dissolving 
sparingly in hot water and soluble in benzene, but insoluble in 
petroleum (b. p. 40—60°); m. p. 138—139° (Found : C, 40*9; 
H, 5*7. C 10 H 16 O 2 Te requires C, 40*6; H, 5*45%). 

Although the two foregoing telluriferous compounds containing 
sec.-amyl groups were obtained as crystalline products, the con¬ 
densation of tellurium tetrachloride with 3-sec .-amyldipropionyl* 
methane resulted in oily products. This 3-alkylated diketone was 
obtained without using the autoclave by heating under reflux 
20 g. of see.-amyl iodide and 5 g. of sodium dipropionylmethane for 
1 hour at 140—145°; sodium iodide separated slowly and the oily 
product on distillation yielded 2*5 g. of the diketone, b. p. 137°/15— 
17 mm., which developed a purple coloration with ferric chloride. 

Copper 3-sec. -amyldipropionylmethane was slowly formed on 
shaking the diketone with ammoniacal cupric acetate. Crystallised 
from petroleum, b. p. 60—80°, it separated as a greenish-grey 
meal, m. p. 105°; it was very soluble in benzene or chloroform 
(Found: Cu, 14*5. C 24 H 40 O 4 Cu requires Cu, 13*9%). 

Addendum .—In addition to the copper derivatives obtained as 
above from the open-chain diketones, the following metallic deriv¬ 
atives from the cyclic acetylmethylc?/cZohexanone (Leser, Bull . Soc . 
ehim 1900, 23, 370; 1901, 25, 196) were examined. The diketone 
employed had 1*024 and [a]^ + 105*8°. Its copper deriv¬ 
ative was examined for the presence of isomerides by fractional 
crystallisation from alcohol, but no change in the melting point 
(186°) was noticed. A benzene solution was too deeply coloured 
for determination of its rotation. 

Beryllium Acetylmethylcyclohexa7ione ) Be(C 9 H 13 0 2 ) 2 .—On shaking 
together a concentrated solution of beryllium acetate containing 
sodium acetate and 1*5 g. of acetylmethylc^cZohexanone in 30 c.c. 
of alcohol, a white precipitate of the beryllium derivative was 
obtained in quantitative yield. This product was very soluble in 
benzene or chloroform; evaporation of the latter solution led to a 
glass which became crystalline on rubbing. Minute crystals 
obtained from petroleum (b. p. 80—100°) melted at 159—160°. 
J?our crops of copyatals obtained by fractionation from petroleum 
were examined at in the polarimeter (0*5 g. in 10 c.c. of benzene; 
| ==Ji}* The rotations and melting points remained constant: 
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a 2*66°, 2*67°, 2-66°, 2*68°; m. p. 160°, 159-5°, 160°, 159-5°; whence 
[*]£* + 106-4° or [If] + 335° (Found : Be, 2*95. C 18 H 26 0 4 Be 
requires Be, 3-0%). 

The authors desire to express their thanks to the Advisory 
Council of the Department of Scientific and Industrial Research, 
to the Government Grant Committee of the Royal Society, and to 
the Research Committee of the University of Bi rmingham for 
grants which have helped to defray the expense of this investigation. 
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CCCLX .—Interactions of Tellurium Tetrachloride and 

Monoketones. 

By Gilbert T. Morgan and Oliver Cecil Elvins. 

A comprehensive study of the interactions of tellurium tetra¬ 
chloride and P-diketones summarised in the preceding communi¬ 
cation furnishes considerable experimental evidence in support of 
the view that condensations leading to cycZotelluripentanedione 
dichlorides are due, not to median enolisation of the p-diketones, 
but to a twofold terminal enolisation of these tautomeric substances. 
Tellurium tetrachloride combines additively with the two double 
linkings, a ring structure is set up, and then by loss of hydrogen 
chloride (2 mols.) the teUuripentanedione ring is stabilised, this 
condensation being characteristic of the majority of known 
p-diketones (see p. 2612). 

If this explanation of the cycZotelluripentanedione condensation 
is correct, then it should be possible to bring about an interaction 
between tellurium tetrachloride and a monoketone, provided that 
the latter is capable of enolisation. The general che mis try of the 
monoketones provides many examples of reactions explicable on 
the supposition that the immediately effective reagent is a dynamic 
isomeride produced by enofiG change: 

r-coch 3 ^ r-c(oh):ch 2 . 

Our earlier knowledge of organic tellurium derivatives is derived 
largely from the researches carried out by Michaelis and his pupils 
in the -Rostock laboratories. An investigation de aling inter alia 
with monoketones is due to Rust (JSer., 1897, 30, 2833), who 
described the reaction in anhydrous ether between tellurium tetra¬ 
chloride and acetophenone as leading to tellurium bisacetophenone 
dicMoride (** dichlorotelluroacetophenon ”), yellowish-white needle^f 
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m. p. 186—187°. We have confirmed this observation except as 
regards the colour; we cannot substantiate the statement that 
“Hit gewohnlichen Aceton gelang es jedoch nicht, ein solches 
Produkt zu erhalten.” 

Although the experimental difficulties are greater in the case 
of acetone than with some of its immediate homologues, neverthe¬ 
less interaction does occur with the formation of tellurium bisacetone 
dichloride , (CHg'CO’CT^^TeClg. ■ The yield is small—about 17% 
of theory—due to the comparative instability of the purely aliphatic 
dichloride and also owing probably to the formation of an even 
more readily hydrolysable trichloride. The latter supposition is 
confirmed on passing to the next homologues of acetone, methyl 
ethyl ketone and diethyl ketone, which furnish, respectively, 
in excellent yield tellurium methylethylketone trichloride, 
CH 3 -CH 2 *CO*CH 2 -TeCl 3J and tellurium diethylketone trichloride , 
CH s *CH 2 'CO , CH(CH 8 ) •TeClg. 

The lengthening of the normal chain in di-n-propyl ketone does 
not appreciably modify this tendency, for in this case also the sole 
product is tellurium di-n-propylketone trichloride , 
CH 3 *[CH 2 ] 2 -CO-CH(C 2 H 5 )-Tea 3 . 

On the other hand, methyl %-propyl ketone, methyl isopropyl 
ketone, methyl 72 ,-butyl ketone, and methyl isobutyl ketone resemble 
acetone itself in furnishing dichlorides (pp. 2628-9). 

Accordingly the two modes of reaction may be generalised as 
follows: 


I* E-C(OH):CHR' R-C(OH)*CHR' , R-COCHR' 

Cl-TeCl 3 Cl TeCl 3 (I.) TeCl 3 


2. R-C(OH):CHR' R<3a(OH)-CHR' 

012=1602 —> TeCl^ —> (R-CO-CHR'^TeOj, 

R-C(OH):CHB/ R-CC1(0H)-CHR' (II.) 


The case of pinacolin, or methyl terg.-butyl ketone, is noteworthy, 
for in this instance both products were identified, namely, tellurium 
pinacolin trichloride (III) and tellurium biepinacolin dichhride (IV). 


C1U 

CHa^C-CO-C^-TeOg 

CH/ 


|CH 3 \ ) 

-J CH 3 ~yC*C(>OH 2 v Te0 2 (iv.) 
Ich 3 j 2 


With piqaoolin the enolisation can occur only in one way, whereas 
in the other foregoing unsymmetrical ketones there are alternative 
possibilities of enolfe change and these complications combined with 
the hydrolysable uafcure of the trichlorides have prevented the 
isolation of both tefiuriferous products. The respective solubilities 
^ .Jhe di- and tri-chloro-derivatives vary irregularly with the 
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ascent of the homologous series, so that, except in the case of the 
pinacolin products, only the less soluble compound is isolated. 

Moreover, with the substitution of alkyl radicals for the hydrogen 
atoms of acetone there will be a diminished tendency for enolisation. 
With the (3-diketones this substitution was found to be a deter¬ 
mining factor; diisobutyrylmethane, {(CH 3 ) 2 CH*COJ 2 CH 2 , had 
lost the property of giving a cyclic tellurium derivative possessed 
by dibutyrylmethane, {CH 3 'CH 2 *CH 2 *00} 2 CH 2 . * 

The effect of progressive alkylation of acetone has been tested. 
Methyl ethyl ketone, diethyl ketone, and methyl isopropyl ketone 
have given characteristic telluriferous derivatives. Two higher 
homologues, ethyl isopropyl ketone and diisopropyl ketone, also 
have been compared. The former undoubtedly reacts with tel¬ 
lurium tetrachloride, for the inorganic reagent passes into solution 
and hydrogen chloride is evolved. The telluriferous product is, 
however, oily and readily hydrolysable; so that it was not isolated. 

Diisopropyl ketone behaves entirely differently from all the 
other aliphatic ketones examined. Under the same experimental 
conditions, the tellurium tetrachloride remains undissolved, no 
hydrogen chloride is evolved, and both reagents may be recovered 
quantitatively. 

Our observations were extended to mixed ketones containing 
aromatic radicals, and the aliphatic homologues of acetophenone 
were shown to differ from this substance in yielding trichlorides. 
An exceptionally stable trichloride was also obtained from phenyl 
benzyl ketone. 

It is noteworthy that these arylated derivatives, including tel¬ 
lurium bisacetophenone dichloride, are colourless. The yellow tinge 
of the latter described by Rust may be due to a trace of the yellow 
etherate of tellurium tetrachloride due to the employment of dry 
ether as solvent {compare Rohrbaech, Annalen, 1901, 315, 9). 

Experimental. 

I. Aliphatic Ketones . 

Tellurium Bisacetom Bichloride , (CH 3 *CO*CH 2 ) 2 TeCl 2 .—Two g. 
of redistilled acetone (2 mols.) were heated under reflux with 4-7 g. 
of tellurium tetrachloride (1 mol.) and 30 c.c. of dry chloroform. 
The turbid yellow solution rapidly evolved hydrogen chloride and 
after 40 minutes the filtrate from less than 0-1 g. of tellurium was 
concentrated to a brown syrup in a vacuum desiccator* A small 
portion was extracted with petroleum (b. p. 40—60°), dissolved in 
carbon tetrachloride, and the solution diluted with petroleum; 
crystals then separated which were used for seeding the remainder 
of the syrup. The resulting crop of colourless needles was drained 
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on porous plates, when 0-9 g. was obtained, being 16-7% of theory. 
Recrystallised from carbon tetrachloride and chloroform in equal 
volumes, the substance separated in colourless, nacreous plates, 
m. p. 126—128° (Found: 0, 22*8; H, 3*35; Te, 40*7; Cl, 22-7. 
CgHioOgClgTe requires C, 23-0; H, 3*2; Te, 40*8; Cl, 22*7%). 

Tellurium bisacetone dichloride also separated from chloroform 
and light petroleum in colourless crystals, a small amount of tel¬ 
lurium being eliminated. When reduced with aqueous bisulphite, 
the compound was decomposed with separation of tellurium. 

Tellurium Methylethylketone Trichloride, C 2 H 5 *CO*CH 2 ‘TeCl 3 .— 
The boiling turbid yellow solution of 4 g. of tellurium tetrachloride, 
1*9 g. of methyl ethyl ketone, and 28 c.c. of dry chloroform rapidly 
evolved hydrogen chloride and only a trace of tellurium separated. 
On concentration the brown syrup yielded 3*5 g. of trichloride 
(75% of theory), which crystallised from carbon tetrachloride in 
small, colourless, prismatic needles, m. p. 101—101*5° (Found: 
Cl, 34*7; Te, 42*35. C 4 H 7 OCl 3 Te requires Cl, 34*9; Te, 41*8%). 
The trichloride was readily soluble in chloroform; it decomposed 
slightly in boiling solvents and blackened on keeping. 

Tellurium Bismethyl-n-propylketone Bichloride , 
(C 3 H 7 *CO*CH 2 ) 2 TeCl 2 . 

—The yellow solution from 3 g, of methyl %-propyl ketone (b. p. 
101*5—102°), 4*1 g. of tellurium tetrachloride, and 25 c.c. of chloro¬ 
form, when decanted from tellurium (0*2 g.) and concentrated to 
a syrup, did not solidify until triturated with petroleum; colourless 
needles then separated (0*8 g.). As this substance decomposed 
in contact with its mother-liquor, it was rapidly dried on porous 
tile and recrystallised from carbon tetrachloride; m. p. 92—93° 
(Found: Cl, 19*5; Te, 34*3. C 10 H 18 O 2 Cl 2 Te requires 01, 19*3; 
Te, 34*6%). 

Tellurium Bismethylisopropylketone Bichloride 9 
{(CH 3 ) 2 CH-CO*CH 2 } 2 TeCl 2 . 

—4lethyl isopropyl ketone (3 g.), 4*1 g. of tellurium tetrachloride, 
and 28 c.c. of chloroform rapidly evolved hydrogen chloride and 
the concentrated solution yielded 3*4 g. of crystalline product 
(52% of theory). The dichloride crystallised readily from carbon 
tetrachloride in colourless needles softening at 85° and melting 
at 90° (Found: Cl, 19*4; Te, 34*3. C i0 H 18 O 2 CL 2 Te requires 

Tellurium Bismethyl-n-butylketone Dichloride, 

‘ * (C^CQ-CHg^Tea,. 

r —Methyl %-butyl ketone (3 g.), 2*7 g. of tellurium tetrachloride, 
^ s*®* chkirdEc^m were treated as in the preceding preparation. 

yiel<iedL no solid product until extracted with 
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petroleum to remove unchanged ketone. This extract yielded a 
small amount of solid, and a further amount was obtained by 
extracting the residual oil with carbon tetrachloride (total yield 
1*1 g.). After two crystallisations from this solvent, nacreous, 
colourless plates were obtained, m. p, 62° (Pound: Cl, 17*8. 
Ci 2 H220 2 C1 2 Tc requires Cl, 17*9%). 

Tellurium Bismethylisobutylhetone Dichloride , 

{(CH 3 ) 2 CH*CH 2 *CO‘CH^} 2 TeCl 2 . 

—The addition of 3*6 g. of tellurium tetrachloride to 3 g. of methyl 
^obutyl ketone in 20 c.c. of chloroform resulted in a bulky, yellow 
precipitate, which decomposed rapidly on exposure to the atmo¬ 
sphere. On heating the mixture under reflux, this precipitate 
dissolved with evolution of hydrogen chloride, and the clear brown 
solution on concentration yielded 2*7 g. of colourless needles (45*5% 
of theory). Recrystallised from carbon tetrachloride, the sub¬ 
stance separated in colourless plates, m. p. 95°; the acicular form 
gave the same mixed melting point (Pound : Cl, 17*8; Te, 31*75. 
C 12 H 22 0 2 Cl2Te requires Cl, 17*9; Te, 32*2%). 

Tellurium Diethylketone Trichloride , CH 3 *CH 2 *CO*CH(CH 3 )*TeCl^. 

*—Less than 0*1 g. of tellurium was eliminated on boiling together 
2 g. of diethyl ketone, 3*1 g. of tellurium tetrachloride, and 22 c.c. 
of dry chloroform; the filtrate on concentration yielded several 
crops of trichloride (3*1 g. or 84*6% of theory). Recrystallised 
from carbon tetrachloride, the trichloride separated in colourless 
plates, m. p. 77—78° (Pound : Cl, 33*4; Te, 40*5. ^HaOCl^Te 
requires Cl, 33*5; Te,40*0%). The trichloride decomposed slightly 
in hot solvents. 

Tellurium Di-n-propylketone Trichloride , 

CH 3 -CH 2 *CH 2 *CO-CH(CH 2 -CH a )-Tea 8 . 

—-The concentrated solution from 3 g. of tellurium tetrachloride, 
1*3 g. of butyrone, and 20 c.c. of chloroform deposited masses of 
greyish-brown, silky needles (3 g. or 77% of theory), Recrystai- 
lised from carbon tetrachloride %nd petroleum, the trichloride was 
obtained in colourless needles, m. p. 70° (Pound : Cl, 30*7; Te, 
37*1. C 7 H ia OCl 8 Te requires Cl, 30*7 ; Te, 36*7%). 

This trichloride was somewhat unstable in hot acetone and 
underwent hydrolysis on exposure to moist air. 

Interactions of Tellurium Tetrachloride and Pinacolin. —The 
turbid yellow solution of 2*5 g. of pinacolin, 3*4 g. of tellurium 
tetrachloride, and 25 c.c. of chloroform evolved hydrogen chloride 
on boiling and after 40 minutes the brown liquid, when treated with 
half its bulk of*petroleum (b. p. 40—60°), yielded tellurium pinaeoUn 
trichloride (formula III) in colourless plates. When this was re^ys- 
tallised from carbon tetrachloride, some elimination of teRurium 
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occurred in the hot solvent; the filtrate deposited colourless, 
rhomboidal platelets softening at 110° and melting at 114—115°. 
The yield was 0*9 g. or 21% of theory (Found : Cl, 32*0; Te, 38*1. 
C e H lx OGl 3 Te requires Cl, 32*0; Te, 38*3%), 

The mother-liquor from the trichloride preparation furnished on 
concentration a crystalline residue which after two crystallisations 
from carbon tetrachloride separated in colourless needles, m. p. 
191—192°; yield 1*6 g. or 26% of theory (Found: C, 36*0; H, 
5-7; Q, 18*25; Te, 32-3. C 12 H 22 0 2 Cl 2 Te requires C, 36*3; H, 5-55; 
Cl, 17*9; Te, 32*2%). 

Tellurium bispinacolin dichloride (formula IV) was much more 
permanent in air than the preceding trichloride, but all attempts 
at removing the chlorine were unsuccessful; the use of potassium 
metabisulphite or neutral sodium sulphite (Vernon, J., 1920, 117, 
892) led to elimination of tellurium. 

Interaction of Tellurium Tetrachloride and Ethyl iso Propyl Ketone . 
—Fifteen g. of diethyl ketone were alkylated with methyl iodide 
and caustic potash at 120—130° (Nef, Annalen y 1900, 310, 325). 
The product was fractionated and ethyl isopropyl ketone boiling 
at 114-—116° was employed in the following condensations. Tel¬ 
lurium tetrachloride (2*7 g.) was readily dissolved by boiling in 
20 c.c. of dry chloroform containing from 1 to 2 g. of the ketone. 
Hydrogen chloride was evolved, only a small amount of tellurium 
(0*1 g.) was eliminated, and on concentration a brown syrup was 
obtained which did not, however, yield a crystalline product. 
Extraction with organic solvents and the addition of hydrogen 
bromide or ferric chloride also failed to furnish solid derivatives. 
On exposure to air the oily syrup slowly evolved hydrogen chloride, 
and the final residue contained only inorganic compounds of 
tellurium. 

Tellurium Tetrachloride and Diisopropyl Ketone .—Diisopropyl 
ketone, b. p. 123—124°, was prepared by Nef s method ( loc . cit.) 
from ethyl isopropyl ketone and* purified through its crystalline 
oxime (m. p. 28°), which was distilled under reduced pressure and 
hydrolysed with concentrated hydrochloric acid. Tellurium tetra¬ 
chloride; (2-5 g.) was boiled for an hour with 2 g. of diisopropyl 
ketone and 20 c.c. of dry chloroform, a process which in all the 
preceding experiments had led to condensation. In this case, 
however, the tefiurium tetrachloride remained insoluble and 



II. Misced Ketones containing Aromatic Radicals. 

> >TeDur^^ hfeaoetophenone dichloride, prepared by Rust (toe. 
W heating 2 mols. of acetophenone with 1 mol. of tellurium 
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tetrachloride in dry ether, was then described as crystallising in 
yellow needles, m. p. 186—187°. 

Three g. of acetophenone, 3*5 g. of tellurium tetrachloride, and 
15 c.c. of chloroform were boiled under reflux and the dark brown 
solution was concentrated to a crystalline mass of dichloride. 
After two crystallisations from chloroform, tellurium bisaceto- 
phenone dichloride separated in colourless needles, m. p. 186— 
187° (Found: 01, 16*2. Calc., Cl, 16*3%). Reduction of this 
dichloride with potassium metabisulphite led to the elimination of 
tellurium. 

Tellurium Phenylethylketone Trichloride, 

C 6 H5-CO*CH(CH 3 )-Tea 3 . 

—After boiling for 45 minutes, the solution of 3 g. of tellurium 
tetrachloride, 3 g. of phenyl ethyl ketone, and 25 c.c. of chloroform 
was concentrated to the crystallising point. The solid (2*5 g. or 
61% of theory) was crystallised from carbon tetrachloride in a dry 
atmosphere to obviate hydrolytic decomposition by moisture, when 
large, colourless, rhomboidal prisms separated, m. p. 114—115° 
(Found : C, 29*1; H, 2*5; Cl, 29*0; Te, 35*0. C 9 H 9 OCl 3 Te requires 
C, 29*4; H, 2*45; Cl, 29*0; Te, 34*7%). 

Tellurium Phenyl-n-propylhetone Trichloride , 

C 6 H 5 -CO-CH(CH 2 *CH 3 )-TeCl s . 

—The condensation of 2*8 g. of tellurium tetrachloride and 3 g. of 
phenyl n-propyl ketone in 20 c.c. of chloroform was carried out 
as in the preceding preparation. On concentration, 2*8 g. of solid 
were obtained (71% of theory). Recrystallised from carbon tetra¬ 
chloride, the product separated in colourless prisms blackening at 
122° and melting at 128—129° (Found: Cl, 27*7; Te, 33*1. 
C l0 H u OCl 3 Te requires Cl, 27*95; Te, 33*5%). 

Tellurium Phenylbenzylketone Trichloride , 

C 0 H 5 -CO*CH(C 6 H 5 )*TeCl 3 . 

—Phenyl benzyl ketone was prepared by reduction of benzoin with 
zinc dust and glacial acetic acid (Sudborough, J., 1897, 71 , 219). 
Two g. were condensed with 2-7 g. of tellurium tetrachloride in 
20 c.c. of chloroform. The concentrated solution furnished a 
greyish-green, crystalline mass (2*6 g. or 60% of theory), which 
was reerystallised from carbon tetrachloride or from chloroform- 
petroleum, when colourless, facetted prisms were obtained, m. p. 
142—143° (Found: Cl, 24*7; Te, 30*1. C 14 H n QCl 3 Te requires 
Cl, 24*8; Te, 29*7%). 

This trichloride was readily reduced by aqueous potassium 
metabisulphite to a yellow solid, which, however, was very unstable 
and decomposed rapidly either on exposure or in chlor€£orm 
solution/ • *> 
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CCOLXL —Trypanocidal Action and Chemical* Con¬ 
stitution. Part II. Arylamides of 4- Aminophenyl - 
arsinic Acid. 

By Harold Kino and William Owen Mtjroh. 

In Part I (J., 1924, 125, 2595), about 25 arylamides of 4-amino- 
phenylarsinie acid were described with their toxicities to mice 
and their curative action on experimental trypanosomiasis in 
mice. Of this series of substances, the one clearly indicated for 
further development was 3' - aminobenzoyl - 4-aminophenylarsinic 
acid (II; R = H), which had a toxicity of 0*6 and a temporary 
curative action in a dose of 0*18 milligram per gram of mouse. 


NO a 

(L) 1 
no 2 no 2 


;AsOoHo 


R 


CO‘MH<^ \As0 3 H 2 - 

(in.) X 


nh 2 

■ r<^\oo-nh/^>as0 3 h 2 
X (n.) X 

nh 2 nh 2 
• r/ -X >CO-NH< /— NasO,H, 


(IV.) 


L \_/* 


3 i - t 2 


There were two obvious ways of modifying this structure with 
a view to following the change in its curative action. The one was 
to replace the m-aminobenzoyl group by other m-aminobenzoyl 
radicals substituted in the ^-position. The parent ^-substituted 
m-nitrobenzoie acids are readily accessible in quantity, provided 
the ^-substituent is op-directive, by starting from the ^-substi¬ 
tuted anilines, which by the Sandmeyer reaction for the prepar¬ 
ation of nitriles, saponification, and nitration yield the required 
^-substituted m-nitrobenzoic acids. Anisic acid is, however, more 
readily accessible from anethole, MeO*C 6 H 4 *CH!CBMe, a process 
having been evolved whereby it may be obtained in large quantities 
in almost quantitative yield. 

The other way was to re-nitrate the mononitroarylamide (I) in 
the h#ethat the main product would be a dinitroarylamide of the 
J|pe'. (HI), which would give a series of interesting diamines (IV). 
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This has now been done, a series of ^-substituted m-nitrobenzoic 
acids having been prepared in which E = Me, OMe, OEt, OC0 2 Et, 
or Cl. These readily yield the corresponding acid chlorides, which 
can be introduced into 4-aminophenylarsinie acid in 40—80% 
yield by suitable modifications of the Schotten-Baumann method, 
ethylcarboncutonitrobenzoyl chloride , for instance, being relatively 
sensitive to hydroxyl ions, necessitating the use of sodium acetate 
as halogen acid fixative. The corresponding aminoarsinic acids 
were obtained by reduction with ferrous chloride and alkali in 
55—95% yield, the ethylcarbonatonitrobenzoylA-aminophenylarsinic 
acid (V) being first converted into the hydroxynitro-acid (VI) by 
alkali. 

N0 2 _ 

(V.) Et0 2 O0<^ ^>CO-NH<^ _^>As0 3 H 2 -> 

~ N0 2 _ 

\As0 3 H 2 (VI.) 

The maximum dose tolerated by mice, expressed in milligrams 
per gram of mouse, of the six isomeric mtfro-benzoylarsinic acids (I) 
with variation of the group E is shown below : 


R = . H. Me. OMe. OEt. OH. Cl. 

Dosis tolerata . 0-6 0*2 0*2 0*2 0*8 0*2 


whereas for the corresponding amino-dudds (II) the maximum 
tolerated dose and the minimum curative dose on Trypanosoma 
equiperdum in mice are given, 


R =... H. Me. OMe. OEt. OH. Cl. 

Dosis tolerata ...... 0*6 0*3 0*7 0*6 0*5 0*1 

JDoeis curativa ...... 0*18 0*15 0*4 0*6 0*2 0*076 


[r mm 3) ( r r= 10) (r «= 10) (r = 7) 

r signifying the number of days during which the blood-stream 
remains free from trypanosomes. Of this group, two members 
have effected permanent cures in mice and of these two the p-meth- 
oxy-derivative was superior to the p-chloro-derivative. 

AminohydroxybmzoylA-aminophenylarsinic acid , the reduction 
product of (VI), was of special interest because it contained the 
o-aminophenol grouping of salvarsan (VH) and could therefore 
be reduced to an arse?io-derivative (VTII), soluble in alkalis and 
suitable for experimental testing on trypanosomiasis. 




This arseno-base was ten times as toxic (T ■= 0*05) as its parent 
amino-acid and on two-fifths of this dose (0 = 0*02) a : 
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cure of mice was effected for 7 days. The therapeutic indices, 
CjT , for the parent amino-acid and its arseno-derivative axe thus 
identical. Both are far inferior to salvarsan. 

The acetylation of the amino-groups in substituted arsinie acids 
can readily be effected by dissolving in alkali and shaking with 
excess of acetic anhydride. When applied to the o-aminophenol 
grouping in 3'-amino-4'-hydroxybenzoyl-4-aminophenylarsinic acid, 
a practically quantitative yield was obtained of the ON-diacetyl 
derivative, which, on standing in solution in A-sodium hydroxide, 
gave the N-acetyl derivative. ON -Diacetylation under such con¬ 
ditions has apparently only once previously been observed, by 
Raiford and Greider (J. Amer. Chem. Soc ., 1924, 46, 430), who 
obtained some diacetyl derivative on acetylation of o-aminophenol 
in sodium hydroxide solution, it having been overlooked by Lumi&re 
and Barbier (Bull. Soc . chim ., 1905, 33, 783), who recommended 
aqueous acetylation. It seems, however, to be a general method 
for the preparation of ON -diacetyl derivatives, provided the pro¬ 
duct, when once it is formed, is never subjected to high concen¬ 
trations of hydroxyl ions. Applied to o-aminophenol-p-arsinic 
acid, it readily yields the CW-diacetyl derivative. 3 '-Acetylamino- 
4:'-acetoxybenzoyl-4:-aminophenylarsinic acid proved to be devoid of 
trypanocidal action. 

The avenue opened by the curative action of aminoanisoylamino - 
phenylarsinic acid was explored by the preparation of its N-acetyl 
and N-car^e^oxy-derivatives, of its formaldehydesulphoxylate and 
its carbamide . Of these four substances, the former two were 
tested therapeutically, but proved to be devoid of trypanocidal 
action. As this might be ascribed to loss of amphoteric character 
through acylation of the amino-group by non-basic radicals, two, 
more complex, tri-nuclear amides were prepared, namely, the 
&’*aminobenzoyl-(R = H) and 3"-amino-4:”-anisoyl-(R = OMe) de¬ 
rivatives of 3'-amino-4'-anisovl-4-ammophenylarsinic acid (IX) 
in which amphoteric character was preserved. These also were 
devoid of trypanocidal action. 

”\0Me 
NH-CO 

(IX.) 

The nitration of a series of p-substituted benzoic acids in which 
the p-substitheait is le, OMe, QEt, 0-C0 2 Et, or Cl has enabled 
us to effect both a comparison of the relative ease of nitration of 
these benzoic acids and the relative ease of replacement of the 
carboxyl group by the nitro-group during nitration. The first 


AsOsHa^^im-Co/ 




AND CHEMICAL CONSTITUTION. PAST 32. 


2635 


three acids are readily nitrated on the water-bath by 70% nitric 
acid; the last two are unaffected by acid of this strength, but are 
nitrated in 76 and 90% yield, respectively, by 94% nitric acid. 
If other comparable observations from the literature be included, 
the following series is obtained : 


HNO* % . 14—30%. 70%. 92—94%. 

B = .. OH^NMea 2 . Me,OMe,OEt. F, s Br,*CI,0-CO a Et. 


M Griess, Ber., 1887,20, 408. (2) Beverdin, Ber 1907,40, 2442. W Bouche, 
Bull. Acad. roy. Belg., 1921, 534. < 4) Hubner, Philipp, and Ohly, Annalrn, 
1867, 143, 248. 

This series is substantially the one to be expected from a con¬ 
sideration of the relative directive powers of a member of any one 
of these groups in competition with a member to the right of it, 
for nitric acid, the two substituents being situated in the para- 
or ortho-positions with respect to each other. Thus there is ample 
evidence in the literature that when either OH or NMe 2 is set 
against Me, OMe, OEt, E, Cl, Br in the para-position, the N0 2 
group enters mainly ortho to OH or NMe 2 ; when the two groups 
are in the ortho-position to each other, the evidence, although not 
so complete, supports the same conclusion. Again, when MeO or EtO 
is set against Cl or Br in the para- or ortho-position, the N0 2 -group 
is preferentially directed ortho or para respectively to the MeO or 
EtO group in both cases, but, in the relative directive powers of Me 
and halogens there is an element of doubt.* In 1912, Holleman 
and Wibaut (Proc. K. Akad. Wetensch. Amsterdam , 15, 594), from 
the nitration of o-, m- } and ^-chlorotoluenes, drew the conclusion 
that chlorine induces a velocity of substitution 1*5 times as great 
as that caused by the methyl radical. Later, however, Holleman 
(Bee. trav. chim., 1915, 34, 283) found that in the nitration of 
p-bromotoluene the methyl group had undoubtedly the superior 
orienting power. The latter result is more in accord with our 
own observations. We have been unable to find in the literature 
anything bearing on the relative orienting influence of the 0*C0 2 Et 
group on an entering nitro-group. The relative directive powers 
for ortho-substitution of a nitro-group may therefore be written 
in the order 0H,NMe 2 >Me,0Me,0Et>F,Cl,Br,0*C0 2 Et. 

In every case during nitration partial replacement of the carb¬ 
oxyl group by the nitro-group takes place with formation of p-sub- 
stituted nitrobenzenes and is evidently a general phenomenon. 
This is contrary to the view of Bonche (be. cit.), who claimed 
that there was no formation of chloro- or bromo-mtrobenzenes 
by nitration of the chloro- or bromo-benzoic acids. In. addition, 

* This is confirmed by the recent work of Francis, Hill, and Johnston 
Amer, Gftem.Soc., 1925, 47,2231). • 
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tether nitration to 2 :4-dinitro - derivatives takes place to some 
extent depending on the time of heating. The relative yields of 
non-acidic fractions obtained on pouring the nitration mixtures 
into water are shown below. 


R = . Cl. Me. F. 1 OMe. OEt. 0*CO a Et 

Yield % . * M 2 11 11*5 14 15*5 

HN0 8 % . 94 70 92 70 70 94 

Time of heating ... 10 30 120 30 10 10 mins. 


1 Rouche loc. cit. 

Owing to the variation in strength of nitric acid used and the 
time of heating, the only deductions allowable are that 0-substi- 
tuents and possibly fluorine greatly facilitate replacement of C0 2 H 
by U0 2 , and that OC0 2 Et has a different relative orienting power 
to para-substitution from that which it has to ortho-substitution. 
It would be of interest to know whether the accumulation of groups 
in 3:4: 6-trimethyl-, trichloro-, or trifluoro-benzoic acids would 
enhance the ease of replacement of C0 2 H by N0 2 just as accumul¬ 
ation of the MeO results in increased displacement of the formyl 
(Salway, J., 1909, 95,1155) or carboxyl (Harding, J., 1911, 99,1585) 
grouping. The sulpho-group also is replaced to the extent of 5% 
by the nitro-group during the nitration of p-toluenesulphonic acid, 
as will be shown in a future communication. 

For the saponification of £>-toluonitrile, Herb (Annalen, 1890, 
258, 10) recommended the use of 75% sulphuric acid. When 
applied to p-ethoxybenzonitrile, EtOC 6 H 4 *CN, this had an un¬ 
expected result, phenol-p-sulphonic acid, 0H*C 6 H 4 *S0 3 H, being 
formed in good yield and no trace of the required carboxylic acid. 
A weaker sulphuric acid (60%), however, yielded the required acid 
and amide in satisfactory yield. 

The dinitration of this series of mononitroarylamides (I) proceeds 
smoothly, but, as might be anticipated, only yields exclusively one 
product (III) when R is H, Me, or Cl, When R is OMe or OEt, 
a mixture of two dinitro-acids is obtained which is from a practical 
point of view not separable into its components, but the com¬ 
position of which can readily be deter m ined by an examination of 
the products of hydrolysis. The isomeric dinitro -acid has the 
structure (2t), and the two arsinic acids obtained on hydrolysis of 
this and its isomeride (HI) are almost quantitatively separable 



by O-S^-hydrochkaic acid. By this means it has been shown 
that whereas in the cases where R == H, Me, or Cl, the second 
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N0 2 -group enters a different nucleus from the one in which the 
lST0 2 -group is already present, when R = OMe or OEt, the NO s - 
group is distributed between the two nuclei in the ratios 3 : 7 and 
3 :5, respectively, in favour of the nucleus without a NOg-group. 
The diamines (IV) were obtained on reduction with ferrous chloride 
and alkali. 

The toxicities and curative action of the dinitro- and diamino- 
arsinic acids, where determined, are given below: 


Dinitro-acids. Diamino-acids. 

R = ... H. Me. Cl. H. Me. CL 

Dosis tolerata . 0*1 0*025 0*2 >3*5 1*0 1*25 

Dosis curativa . 0*06 — — 2 0*75 0*5 


.(r = 2) (r = 20) 

Comparison of this table with the previous one for the mono¬ 
amino-acids shows that the introduction of a second amino-group 
lowers the toxicity many-fold, and at the same time the sub¬ 
stances acquire permanent curative properties. It is of interest 
that 3 : 3 , -dinitrobenzoyl-4-aminophenylarsinic acid causes a tem¬ 
porary disappearance of trypanosomes from the blood-stream for 
2 days. The isomeric 3': 5Ldinitrobenzoyl-4-aminophenylarsmic 
acid was prepared, but attempts to isolate the arsinic acid con¬ 
taining the m-phenylenediamine group from it by reduction were 
unsuccessful. 

We desire to acknowledge our indebtedness to Miss F. M. Durham 
and Miss J. Marchal of this department for the painstaking care 
with which they have determined the toxicities and trypanocidal 
action of the compounds described in this paper. 

Experimental. 

3 : S'-DinitrobenzoylA-aminophenylarsinic Acid (III; R = H).—■ 
Benzoyl-p-aminophenylarsimc acid (19*3 g.) dissolved in 45 c.c. of 
sulphuric acid was nitrated at 0° by addition of a mixture of 8-5 c.c. 
of nitric acid (<214) and 114 c.c. of sulphuric acid. The crude 
product obtained by pouring on to ice was collected, allowed to 
air-dry, and digested on the water-bath with 100 c.c. of glacial 
acetic acid. The product was now crystalline and the filtrate could 
be used for subsequent batches. The yield was 92% of the theor¬ 
etical. This acid crystallised from 170 parts of boiling glacial 
acetic acid in fine, silky needles, forming a monohydrate (Found : 
Loss at 100°, 5*1, 5-0. 1H 2 0 requires loss, 4-2%. Found: As, 
18-1. C 13 H 10 O 8 N 3 As requires As, 18*2%). With alkali (1 mol.), 
it forms sparingly soluble sodium and potassium salts. 

Hydrolysis of 3 : 3' -DinitrobenzoylA-aminophenylarsinie Adid:^ 
(a) With acid. When the dinitro-acid (8*2 g.) was boiled for 2 &cmm 
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with 100 c.c. of 16% hydrochloric acid, it was recovered mainly 
unchanged (64 g.). The other products isolated were a small 
quantity of o-nitroaniline, m-nitrobenzoic acid, and 3-nitro-4-ammo- 
phenylarsinic acid. 

(b) With alkali . The dinitro-acid (6-3 g.) was boiled for 2 hours 
with 100 c.c. of jV-sodium hydroxide. Practically quantitative 
yields were obtained of ra-nitrobenzoic acid and 3-nitro-4-amino- 
phenylarsinic acid. There was no o-nitroaniline found. 

3 : Z'-DiaminobenzoylA-ammophenylarsinic Acid (IV; R = H).— 
The dinitro-acid (164 g.) was dissolved at — 5° in 292 c.c. of 2N- 
sodium hydroxide and treated with 101 g. (10% excess) of ferrous 
chloride dissolved in 124 c.c. of water. To the mixture 292 c.c. 
of 2iV'-sodium hydroxide were added, the temperature throughout 
being below 0°. The ferric hydroxide was filtered off and extracted 
three times by thorough mixing with 600 c.c. of 0*2iV-sodium 
hydroxide each time. The combined filtrates were made neutral 
to Congo-paper and after keeping for 24 hours at 0° the separated 
diamino-acid was collected. The filtrate was made alkaline with 
concentrated ammonia, treated with 50 c.c. of magnesium chloride 
solution (1 :1), and heated for 30 minutes in the boiling-water 
bath. The precipitated magnesium salt was collected, dissolved 
whilst still damp in A-hydrocbloric acid, and the acidity to Congo- 
paper removed by addition of saturated sodium acetate solution. 
The diamino-acid crystallised readily (total yield was 7*8 g. or 
56%). The diamino- acid so prepared crystallises in clusters of 
leaflets. It diazotises and couples with alkaline fS-naphthol with 
production of a deep red colour (Pound : As, 20*9. C 13 H 14 0 4 N 3 As 
requires As, 21*3%). 

3 : 5-Dinitrobenzoic Acid.— The following process is an improve¬ 
ment on that of Shukov (Ber.> 1895, 28, 1800). 

Ten g. of fused benzoic acid were dissolved in 100 g. of sulphuric 
acid and treated with 18*2 c.c. of filming nitric acid. The solution 
was heated on the water-bath for 10 hours and poured into a litre 
^- ; £cie\:«nd' , wate[r. The product (10 g.), m. p. 202°, was washed 
with a little hot water and reprecipitated from dilute ammonia. 
It then melted at 203—204°. 

$ , .: f> t »Diniir 0 bmzoylA-aminopkenylarsinic Acid (X; R = H).— 
Sodium, ff-aminophenylarsinate pentahydrate (25—26 g.) dissolved 
in 320 c.e. of 5% sodium hydroxide and cooled to — 3° was treated 
with 40 g. (2 moJs.) of 3:5-dinitrobenzoyl chloride dissolved in 
toluene. The mixture was stirred for 45 minutes after all the acid 
chloride ha& be^ After acidification, the mixture of acids 

was collected, dried, and extracted with ether. The insoluble 
Bxmmo add was repcecipitated from ammoniacal solution (yield 
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84%). This dinitro-arsinic acid crystallises from 80 parts of boiling 
90% formic acid in fine needles. In glacial acetic acid it is much 
less soluble (Found: As, 18*3. C 13 H 10 O 8 N 3 As requires As, 18*2%). 
The maximum tolerated dose for mice is 0-5 mg. per g. of mouse. 
Attempts to obtain the diamino-arsinic acid by reduction in alkaline 
solution with ferrous chloride were unsuccessful. 

2-Nitro--p-toluic Acid .—This acid was prepared by the following 
process, which is an improvement on that of Fittig and Ramsay 
{Annalen, 1873, 168, 251). jp-Toluic acid (20 g.) was suspended 
in 200 c.c. of nitric acid (d 1*4) and heated on the water-bath for 
30 minutes. On pouring into water, the yield of nitro-acid was 
23*5 g., m. p. 186—187°. By ether extraction of the acid in alkaline 
solution, 0*4 g., and of its aqueous mother-liquor, 0*6 g., of crude 
p-nitrotoluene were obtained, m. p. 51°. 

2-Nitro--p4oluoyl chloride , prepared by the action of phosphorus 
pentachloride, boils at 167—168° (corr.)/16 mm. and melts at 
20—21° (corr.). This acid chloride has recently been described as 
an oil (Johnson and Soderman, J. Amer. Chem . Soc., 1925, 47, 
1392). 

S f -NitroA'-toluoylA~aminojphenyUrsinic Acid (I; R = Me).— 
This acid was prepared in the same way as p' -nitrobenzoyl-p-amino- 
phenylarsinic acid (J., 1924, 125, 2602). The acid chloride, how¬ 
ever, reacts so slowly that stirring has to be continued for 2 or 
3 hours. The mixed acids obtained on acidification were dried 
and extracted with ether in a Soxhlet apparatus (yield 55%). 

This arsinic acid is sparingly soluble in boiling acetic or 
formic acid and crystallises in small needles (Found: As, 19*6. 
CigH^OgNgAs requires As, 19*7%). 

S'-AminoA'-toluoylA-aminopJienylarsinic Acid (II; R = Me).— 
3 , -Nitrotoluoyl-4-aminophenylarsinic acid (11*4 g.) was dissolved 
in 110 c.c. of chilled 2iV r -sodium hydroxide and 40 g. of ferrous 
chloride (20% excess) in 50 c.c. of water were run in, the tem¬ 
perature being maintained between 0° and — 5°. Finally, 130 c.c. 
of 2A r -sodium hydroxide were added. The ferric hydroxide was 
filtered off and extracted with two successive portions each of 
240 c.c. of 0*4If-sodium hydroxide. The combined filtrates were 
neutralised to Congo-paper, and the crude acids collected. These 
were warmed with successive portions of If-hydrochloric acid at 
50° until no diazotisable material was left. On addition of satur¬ 
ated sodium acetate solution to the successive filtrates, theamino- 
arsinic acid was precipitated in fan-shaped clusters of small, white 
needles. A further small quantity can be isolated from thef&st 
precipitation mother-liquors by addition of ammonia andniagnesium 
chloride and heating the solution. The magnesium salt separates 
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readily, is dissolved in excess of -hydrochloric acid, and the free 
acid precipitated by sodium acetate. The yield was 5-7 g. or 64% 
of the theoretical. 

This amino-arsinic acid is very sparingly soluble in cold 3 N- 
mineral acids, but dissolves readily on warming. The hydro¬ 
chloride. crystallises in small needles, the nitrate in minute needles, 
and the sulphate in square plates. It diazotises and couples with 
alkaline p-naphthol with production of a blood-red colour (Pound : 
As, 21*2. C 14 H 15 0 4 N 2 As requires As, 21-4%). 

3 : 3 r -Dinitro-4c'4oluoylA-aminophenylarsinic Acid (HI; R == Me). 
—The mononitro-acid (7-5 g.) dissolved in sulphuric acid (20 c.c.) 
was nitrated at 0° with a mixture of 1*9 c.c. of sulphuric acid and 
1*4 c.c. of nitric acid (d 1*4). The yellow solid obtained on pouring 
on to ice was collected and when digested on the water-bath with 
glacial acetic acid became crystalline (yield 8 g.). This dinitro - 
acid is sparingly soluble in boiling acetic or formic acid and crystallises 
in needles (Pound : As, 17*7. C 14 H 12 0 8 N 3 As requires As, 17*6%). 

Hydrolysis of 3 : 3'-DinitroA' 4oluoylA-aminophe,nylarsinic Acid . 
—Two g. of the acid were boiled for 2 hours with 30 c.c. of iV-sodium 
hydroxide. The acids obtained (2*05 g.) on neutralisation to Congo- 
paper were extracted in a Soxhlet apparatus with ether. The ether- 
soluble portion (0*8 g.) consisted of pure 2-nitro-^-toluic acid, and 
the ether-insoluble portion of 3-nitro-4-aminophenylarsinic acid 
(1*26 g.), the yields being practically quantitative. 

3 : 3 r -Diamino A'-tolvoylA-aminophenylarsinic Acid (IV; R = 
Me).—-The dinitro-acid (8*5 g.) was reduced in the way described 
for the acid without the methyl group (above), save that it was 
found advantageous to increase the excess of ferrous chloride 
used from 10% to 20%, and with it the amount of alkali to secure 
faint alkalinity at the end of the reduction. The alkaline filtrates 
from the ferric hydroxide extraction, on neutralisation to Congo- 
, paper, gave no precipitate of diamino-acid. The acid was, however, 
precipitated as the magnesium salt in ammoniacal solution by 
heating on the water-bath. The magnesium salt was dissolved in 
70 c.c. of AT'-hydrochloric acid, and the diamino-acid liberated by 
addition of saturated sodium acetate solution (yield 4*2 g. or 57%). 
-,i;This.- diamino-arsinic acid separates, when liberated as described 
aboye^ in sphaero-crystals (Pound: As, 20*4. C 14 H 16 0 4 N 3 As 

■ . ■ 3>iazotised with sodium nitrite in hydro¬ 
chloric acid ^ it turns yellow and couples intensely with 
alkaBne {Maaphilml with production of a brownish-red colour. 

of -^Anikk.Acid.—Pxixe crystalline anethole (11*1. g.) 
was stirred v^oroi^y with 50 c.c. of water at room temperature, 
and 34-4 g. ofpot$$A^^^ 1075 c.c. of water were 
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added at a constant rate within 75 minutes. No attempt was 
made to regulate the temperature, which at its maximum was 
below 35°. The very slight excess of permanganate was reduced 
by warming with alcohol. After filtration, and extraction of the 
manganese oxides with dilute alkali, the combined filtrates gave, 
on acidification, 9*0 g. of almost pure anisic acid. An aliquot 
portion of the filtrate extracted with ether indicated the presence 
of a further 1-5 g. of equally pure anisic acid. The total yield is 
about 92% of the theoretical. 

Oxidation at room temperature with 32 g. of permanganate 
(4 atoms of oxygen) and with addition of 12 g. of potassium hydr¬ 
oxide gave 4*6 g. of anisic acid and 2*3 g. of anisaldehyde (semi- 
carbazone, m. p. 216—217° corr.; Walbaum, J. pr. C%em., 1903, 
68, 235, gives m. p. 203—204°). 

Oxidation at 0° gave 6-6 g. of a mixture of anisic acid and anisyl- 
ketocarboxylic acid and 0*85 g. of anisaldehyde. 

Oxidation of pure anethole by Ladenburg and Fitz’s method as 
applied to oil of anise, using potassium dichromate and sulphuric 
acid, gave a 47% yield of anisic acid. 

3-A itroA-anisoyl Chloride. —3-Nitroanisic acid was prepared by 
Auwers’s method (Ber., 1897, 30, 1477) by heating 20 g. of anisic 
acid with 200 c.c. of nitric acid (d 1-4) on the water-bath for 30 
minutes. From 75 g. of anisic acid there were obtained 3*7 g. 
of a non-acidic fraction which on distillation gave 2*65 g., m. p. 
54—55°, b. p. (external bath temperature) 170°/20 mm. These 
constants agree with those of 4-nitroanisole. The non-volatile 
residue (1-0 g.), on two crystallisations from alcohol, gave 2 :4-di- 
nitroanisole (0-45 g.), m. p. 87°. In another experiment which 
was strictly comparable with the nitration of jp-toluic acid, there 
were isolated from the nitration of 20 g. of anisic acid, 20*2 g. of 
nitroanisic acid, m. p. 190°; by ether extraction of this nitro-acid 
in alkaline solution, 2-3 g. of nitroanisoles, m. p. 84°; and by ether 
extraction of the original aqueous mother-liquor, 1*45 g. of nitro- 
anisoles, m. p. 45°. The nitroanisic acid was converted into Z-nitro* 
4:-anisoyl chloride by phosphorus pentachloride. This boils at 
210715 mm., is sparingly soluble in low-boiling petroleum, but 
readily soluble in warm ether, from which it crystallises in broad 
needles, m. p. 52*5—53*5° (corr.). 

Z'-NUroA'-anis&ylA-aminophenylarsinic Acid (I; R = OMe).— 
This nitro-acid was prepared in the same way as the corresponding 
toluoyl derivative. The yield was 48-3%. It is soluble in boiling 
formic acid and crystallises therefrom in needles, but is sparingly 
soluble in boiling acetic acid, from which it separates in woolly 
needles (Found:,As, 18*9. C 14 H 13 0 7 N 2 As requires As, 18*9%). 
von. cxxyii. , . . 
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S'-AminoA'-anisoylA-aminophenylarsinic acid (II; R = OMe) 
was prepared exactly as described for the corresponding toluoyl 
derivative. The yield was 95%. When liberated from concen¬ 
trated solutions of its salts with acids by means of saturated sodium 
acetate, it separates in a gelatinous state, but from dilute solutions 
in needles. The gelatinous form passes into the crystalline on 
contact with the needles. It is not soluble in acids weaker than 
3 N in the cold, but dissolves readily on warming. The most 
characteristic salt is the hydrochloride , which crystallises well in 
wedge-shaped plates. The sulphate separates in sphaero-crystals, 
the nitrate in microscopic, woolly needles. It diazotises and couples 
with alkaline (3-naphthol with production of a bright red colour 
(Found : As, 202. C 14 H 16 0 5 N2As requires As, 205%), 

3' -AcetylaminoA'-anisoylA-aminophenylarsinic aaid is most con¬ 
veniently prepared by shaking the amino-acid, dissolved in A-sodium 
hydroxide (4 mols.), with excess of acetic anhydride. The yield is 
quantitative (Found: As, 18-8. C 16 H 17 0 6 N 2 As requires As, 

18*4%). This acid is almost insoluble in boiling acetic acid, but 
extremely soluble in cold 90% formic acid. From more dilute 
formic acid it separates, anisotropic, in sph^ro-crystals. The 
maximum dose tolerated by mice is 1*5 mg. per g. of mouse. 
Attempts to prepare the propionyl derivative by the same method 
were fruitless. 

Action of Sodium Formaldehydesulphoxylate on S'-Amino A'- 
anisoylA-aminophenylarsinic Acid .—The amino-acid (5*5 g.) was 
dissolved in 15 c.c. of iV-sodium hydroxide (1 mol.) and 2*4 g. of 
pure sodium formaldehydesulphoxylate were added. The solution 
was heated for 15 minutes in boiling water, cooled, and poured into 
a large volume of spirit. A gum separated which was obtained 
in a solid powdery condition by grinding under absolute alcohol 
(yield 2*6 g.) (Found : Loss at 95°, 0*5; As, 15*8; S, 7*0. 
C 15 H 15 0 7 N 2 SAsN a 2 requires As, 15*4; S, 6*6%). This sodium 
salt, so prepared, has no free amino-groups. It is, however, unstable 
towards A-hydroehloric acid at 50° and evolves sulphur dioxide. 

S'-Carbethoocyamino A'-anisoylA-aminophenylarsinic acid was pre¬ 
pared by adding ethyl chloroformate (1*1 c.c.) in two portions to 
the amino-acid (3*7 g.) dissolved in 15 c.c. of N -sodium hydroxide. 
The product was acidified and the precipitated solid extracted with 
^hydrochloric acid at 50° to remove diazotisable material (yield 
3*7g.) (Found;: A^, 17*5. O^H^OfNgAs requires As, 17*1%), 
The acid is practically insoluble in boiling acetic acid, but readily 
so in boiling 90% formic acid and crystallises therefrom in micro¬ 
scopic leaflets. The maximum dcfe tolerated by mice is 0*75 mg. 
pet g. of mouse. 
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The 8-Carbamide of 3 f -AminoA'-anisoylA-aminophenylarsinic 
Acid .—The amino-acid (3-7 g.) dissolved in 100 o.c. of half- 
saturated sodium acetate solution with the aid of 5 c.c. of 
2^-sodium hydroxide was shaken with several molecules excess 
of carbonyl chloride in toluene (35 c.c. of 12-5% solution). The 
product obtained on acidification was extracted with warm N- 
hydrochloric acid and precipitated finally from dilute ammonia 
by acid (yield 33%). This carbamide is precipitated in the gelatin¬ 
ous state from its salts. It is insoluble in boiling glacial acetic 
acid, but from boiling 90% formic acid, in which it is very spar¬ 
ingly soluble, it crystallises in microscopic needles (Found: As, 
19-6. CggHggOn^Asg requires As, 19-8%). 

3"-NitroA"-anisoyl-Z'-amino-A-anisoylA-aminoplienylarsinic Acid 
(corresponding with IX; R = OMe).—Aminoanisoylaminophenyl- 
arsinic acid (7-3 g.) dissolved in 50 c.c. of 10% sodium hydroxide 
at — 5° was treated with 8*3 g. of nitroanisoyl chloride in 15 c.c. 
of toluene and stirred vigorously for hours. Toluene was 
removed and the aqueous solution acidified. The precipitated 
solid was extracted with JV-hydrochloric acid to remove amino- 
arsinic acid. The dried solid was extracted with ether to remove 
nitroanisie acid and reprecipitated from dilute ammonia. 

This complex nitro-arsinic acid is precipitated as a voluminous 
gelatinous solid from solutions of its salts. It is very sparingly 
soluble in boiling glacial acetic acid, but separates well in clusters 
of needles. It is somewhat more readily soluble in boiling 90% 
formic acid (Found : As, 13*6. CgaHgoOgNgAs requires As, 13*7%). 
The maximum dose tolerated by mice is 0*075 mg. per g. of mouse. 

3"- Amino - 4"- anisoyl- 3'- amino- 4'- anisoyl - 4 - aminophenylarsinic 
Acid (IX; R = OMe).—The nitro-acid (5*2 g.) was reduced in 
the usual way with ferrous chloride and alkali. The combined 
alkaline extracts of the ferric hydroxide were made neutral to 
Congo-paper. The precipitated solid was collected and whilst 
still damp made into a thin cream with water and added to 2000 c.c. 
of N-mttic acid (free from nitrous acid) at 50°, The solution was 
rapidly filtered, treated with charcoal, and refiltered. On addition 
of saturated sodium acetate solution the amino-acid was pre¬ 
cipitated in an amorphous condition in 75% yield. This acid is 
soluble in hot .^-hydrochloric acid and deposits an indefinitely 
crystalline but anisotropic solid on cooling. It is almost insoluble 
in boiling ^-sulphuric acid, the sulphate crystallising in micro¬ 
scopic needles. In if-nitric acid it is soluble on heating and 
the nitrate crystallises in balls of needles (Found: As, 14*3. 
C^O.NgAs requires As, 14-5%). The maximum dose tolerated 
by mice is 0*02 mg. per g. of mouse. 
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$”-Nitrobenzoyl-y-amino-4: , -ani8oyl-4:-aminophenylarsinic acid 
(corresponding with IX; R = H) was prepared in the same way 
as the corresponding 3"-nitroanisoyl compound (above). From 
7*3 g. of S'-amino^'-anisoylaminophenylarsinic acid and 3-nitro- 
benzoyl chloride (2 mols.) there were obtained 5*8 g. of the required 
acid as a gelatinous precipitate. It is sparingly soluble in boiling 
acetic or 90% formic acid, separating from the former in short, 
pointed needles and from the latter in square tablets (Found: 
As, 14*7. C^HjgOgNgAs requires As, 14*6%). The maximum 
dose tolerated by mice is 0*1 mg. per g. of mouse. 

Z ,f -Amihobenzoyl~Z r -amirio-^-anisoylA-aminophenylarsinic acid 
(IX; R = H) was prepared in the same way as the corresponding 
3''-aminoanisoylarsmic acid, except that 1500 c.c. of iV’-nitric acid 
at 50° were sufficient to dissolve the amino-acid. The yield was 
3*1 g. from 5*0 g. of nitro-aeid. This complex amino-acid separates 
in needles when liberated from dilute acid solutions by addition 
of sodium acetate (Found : As, 15*4. CgiH^O^As requires As, 
15*4%). With A^hy(frochloric acid it forms a very sparingly 
soluble hydrochloride crystallising in microscopic rods. In 2 N- 
sulphuric acid, it is readily soluble, the sulphate crystallising on 
keeping in fine, woolly needles; and in warm iV'-nitric acid, it dissolves 
and gives an indefinitely crystalline but anisotropic nitrate on cooling. 
The maximum dose tolerated by mice is 1*0 mg. per g. of mouse. 

Nitration of 3 -NiiroA' -anisoylA-aminophenylarsinic Acid. —This 
mononitro-arsinic acid was further mononitrated as described for 
the previous dinitro-arsimc acids. The product consisted of a 
mixture of 3': 5^dinitro-4^anisoyl-4-aminophenylarsinic acid and 
3: 3^dinitro-4 / -amsoyl-4-aminophenylarsmio acid in the propor¬ 
tion of 3:7. These acids could not be separated by fractional 
crystallisation from 75% acetic acid nor by fractional crystallisation 
of the ammonium salts (Found : As, 17*0. C 14 H 12 0 9 N 3 As requires 
17*0%). The composition of the mixture was readily deter¬ 
mined by hydrolysis as follows. Three g. of the dinitro-acids 
wereboiled for an hour with 45 c.c. of A r -sodium hydroxide and 
then neutralised to Congo-paper. The mixture of ether-soluble 
amenic-free adds was not examined in detail, but 3:5-dinitro- 
4-hydroxybenzoio acid was identified. The ether-insoluble acids 
counted of a mixture of a 4-aminophenylarsinic and 3-nitro- 
4-aminophmylardnic acid. These could be separated almost 
quantitatively fey making use of the observation that 4-amino- 
^myiarsiniq acid is readily soluble in 0-51V-hydrochloric acid, 
;, : whi^eas the m not appreciably soluble. From the final 

aqueous mo&ear-IigpcKS of the hydrolysis, precipitation as mag- 
J^sium salt in sainhoniacal solution -gate a further crop of 4-amino- 
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phenylarsinic acid. In this way, 1-25 g. of 3-nitro4-aminophenyl- 
arsinic and 04 g. of 4-aminophenylarsinic acids were obtained, or 
96% of the theoretical yield. 

The reduction of the mixed dinitro-acids by ferrous chloride was 
unsatisfactory. 

Hydrolysis of i-Ethoxybenzonitrile. —(a) By 75% sulphuric acid . 
Twelve g. of the nitrile were boiled for 1 hour with 72 g. of sulphuric 
acid and 24 g. of water. Ether extraction of the mixture diluted 
with water gave 0*36 g. of a phenolic fraction, partly crystalline 
and giving a blue colour with ferric chloride in alcoholic solution 
and a violet colour in aqueous solution. The sulphuric acid liquors 
were worked up as barium salts, when, after removal of barium 
sulphate, a very soluble barium salt was isolated (yield 9 g.). On 
crystallisation from water, it separated in long, glistening needles of 
barium phenol-4-sulphonate. It was compared with a sample prepared 
by the action of sulphuric acid on phenol (Found on air-dried salt: loss 
at 95°, 9*3; on salt dried at 95°: Ba, 27-8. C^H^OgSgBajSHaO 
requires loss of 2|H 2 0, 84%. C 12 H 10 O 8 S 2 Ba,£H 2 O requires Ba, 
27-9%). 

If the original solution be treated with ether instead of water 
the free phenol-4-sulphonic acid crystallises, but is very hygroscopic 
(compare Allain, Bull, Soc. chim ,, 1887, 47, 879). 

(b) By 60% sulphuric acid. Twelve g. of 4-ethoxybenzonitrile 
were boiled for 30 minutes with 56*5 g. of sulphuric acid and 37*5 c.o. 
of water. The solid obtained on pouring into water was separated 
by means of sodium carbonate solution into 3*1 g. of 4-ethoxybenz- 
amide and 6*1 g. of 4-ethoxybenzoic acid. The amide was com¬ 
pletely hydrolysed to the acid by boiling with 60% sulphuric acid 
for 2 hours. 

Z-NitroA-ethoxybenzoic Acid .—4-Ethoxybenzoic acid (21 g.) was 
heated with 210 c.c. of nitric acid (d 142) on the water-bath until 
solution had just been effected. The product was poured into 
water, the solid collected, dissolved for the most part in ammonia, 
and extracted with ether, which removed a low-melting, crystalline 
solid, A, weighing 3 g. The ammoniacal solution on acidification 
gave an 80% yield of Z-nitroA-ethoxybenzoic acid . This acid 
crystallises well from spirit in rectangular plates or rods, m. p. 
200—201° (Found : 0, 51*0; H, 44. requires C, 51*2; 

H, 4*3%). 

The ether-soluble material, A (4*5 g. from two batches), on 
fractional distillation under reduced pressure, gave 1*6 g., m. p. 
58—59°, b. p. 188° (external bath temperature)/22 mm. The 
residue,* 2*65 g., on recrystallisation from alcohol gave pure 2 : 4- 
dinitrophenetole, m. p. 83°, in excellent yield, whilst 
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melting solid on crystallisation from alcohol melted at 62° and 
proved to be 4-nitrophenetole. 

S-NitroA-ethoxybenzoyl chloride is very sparingly soluble in boiling 
petrol, but is more soluble in dry ether, from which it crystallises 
in slender prisms, m. p. 81—82° (corr.). It boils at 216—216° 
(corr.)/20 mm. 

3'-NitroA'-ethoxybenzoyl-4:-aminophenylarsinic acid (I; R = OEt) 
was prepared in the same way as the correspondiing 4'-chloro- 
derivative, using method 5. The yield was 49%. It is very spar¬ 
ingly soluble in boiling acetic acid and sparingly in 90% formic acid. 
It crystallises in fine needles (Found: As, 18-6. C 15 H 15 0 7 N 2 As 
requires As, 18-3%). 

Z'-AminoA'-ethoxybenzoylA-aminophenylarsinic Acid (H; R.as 
OEt).—The mononitro-acid (8-2 g.) was reduced as described for 
the corresponding 4 / -toluoyl compound. On neutralisation of the 
alkaline extracts of the ferric hydroxide to Congo-paper, the acid 
was precipitated in an amorphous condition. When dissolved in 
200 c.c. of A-hycho chloric acid at 45° and precipitated by addition 
of saturated sodium acetate, it separated crystalline (yield 6*8 g.). 
The original mother-liquors gave a further crop of 0*7 g. of acid 
by precipitation as the magnesium salt from hot ammoniacal 
solution (total yield 86%). This amino-acid crystallises in micro¬ 
scopic, woolly needles (Found : As, 19*3. C^H^OgNgAs requires 
As, 19*7%). It is soluble in warm A-hydrochloric acid, but very 
sparingly soluble in hot 3A-acid through formation of the hydro - 
chloride-, which crystallises as a sandy powder composed of small 
tablets. It is soluble in 2N -sulphuric acid, but rapidly crystallises 
as the sulphate in small, pointed prisms. In 3 A-nitric acid it is 
readily soluble and the nitrate crystallises from concentrated solu¬ 
tion in fine needles. The diazotised acid couples with alkaline 
p-naphthol with production of a bright red colour. 

Nitration of S'-NitroA'-ethoxybenzoylA-aminophenylarsinic Acid . 
—This acid was re-nitrated as described for the corresponding 
4 , -anisoylarsinic acid. A mixture of 3 : 3'-dinitro-4'-ethoxybenzoyl- 
4-aminophenylarsinic and 3': 5'-dinitro-4 / -ethoxybenzoyl-4-amino- 
phenylarsinic acids in the ratio 5 : 3 was obtained, as was proved 
by hydrolysis and quantitative separation of the arsihic acids as 
described for the anisoyl acids (Found: As, 16*5. 0 15 H 14 0 9 N 3 As 
requires As, 16*5%). 

4'-C%lora-3 / -?ii^ofe^2^Z-4-ami7m^^ytor5imc Acid (I; R =s 01). 
—4-(Moro-3-mtrobenzx>ic acid was prepared in 90% yield by 
,, heating 4-cUorobenzoic add with nitric acid (d 1-5; 4 vols.) on 
the water-ba& m was effected; 20 g. of chlorobenzoic 

gave 23-6 g. of acid, m. p. 180°, and as a 
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by-product 0*22 g. of ^-chloronitrobenzene, m. p. 77°, by extraction 
of the acid in alkaline solution, and 0-5 g. of p-chloronitrobenzene, 
m. p. 82°, by extraction of the original aqueous mother-liquors 
made alkaline. Boiling nitric acid (d 1*42) has no action on 4-chloro- 
benzoic acid. The acid chloride was prepared in the usual way, 
b. p. (external bath temperature) 180—190°/20—22 mm, It was 
introduced with difficulty into 4-aminophenylarsinic acid by the 
Schotten-Baumann method, using two molecular proportions of acid 
chloride. A variety of conditions to improve the yield were tried. 


No. 

Solvent. 

Temperature. 

Sodium Hydroxide. 

Yield %. 

1 

Benzene 

20—25° 

10% 

32 

2 

None 

20—50 


IS 

3 

Benzene 

0—10 

99 

40 

4 

Benzene 

20—30 

5% 

22 

5 

Toluene 

-5—0 


40 


Unchanged nitroehlorobenzoic acid was readily recovered by ether 
extraction, and unused 4-aminophenylarsinic acid by neutralising 
the aqueous mother-liquors to Congo-paper and evaporating until 
sodium chloride began to separate. 

-Chloro-Z'-nitrobenzoylA-aminophenylarsinic acid is very spar¬ 
ingly soluble in boiling acetic acid, more readily in boiling 90% 
formic acid, from which it crystallises well, in needles (Found: 
d, 8*6. C 13 H 10 O 6 N 2 C1 As requires Cl, 8*8%), 

-Chloro-3'-aminobenzoylA-aminophenylarsinic Acid (II; R = 
Cl).—The nitro-acid (6*65 g.) was reduced with ferrous chloride 
(7 mols.) at — 5° as described for the toluoyl compound. The 
combined filtrates from the ferric hydroxide extractions, on being 
made neutral to Congo-paper, deposited the amino-acid in a 
crystalline condition mixed with a small quantity of amorphous 
impurity. The amount contained in the mother-liquors and pre- 
cipitable as magnesium salt was negligible. The crude acid was 
heated at 80° with 800 c.c. of 3 N -hydrochloric acid; the amino- 
acid then dissolved. On addition of saturated sodium acetate to 
the rapidly filtered solution, the amino-acid separated in leaflets 
(yield 80%) (Found : Cl, 9*4. C 13 H 12 0 4 N 2 CLAs requires Cl, 9*6%). 
It is very sparingly soluble in SiV'-hydrochloric acid at 100°, but 
from stronger acid the hydrochloride crystallises in oval leaflets. 
In boiling 2iV r -sulphuric acid it is insoluble, but from a much stronger 
acid the sulphate crystallises in square tablets. It is soluble in 
hot Sj^-nitric acid, and this solvent, freed from nitrous acid, would 
probably be preferable to hydrochloric acid for its extraction in 
the above preparation. The diazotised acid couples with alkaline 
p-naphthol with production of a bright red colour. 

&'-Chloro-3 : 3 f -dinitrobenzoylA-aminophenylarsinic Acid (HI; 
R Cl).-—The mononitro-acid (8 g.) dissolved in 24 c.c, of stilphuric 
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acid was nitrated at — 5° with 2 g. of sulphuric acid and 2 g. of 
nitric acid {d 1*42); the mixture, when at room temperature, was 
poured on to ice. The product was collected, dried, and digested 
on the boiling-water bath with 40 c.c. of glacial acetic acid for 
$ hour; it then became crystalline (yield 8*5 g.) (Found: Cl, 8*1. 
C i3 H 9 0 8 N 3 ClAs requires Cl, 8*0%). The acid is very sparingly 
soluble in boiling glacial acetic acid, somewhat more soluble in 
boiling 90% formic acid, from which it crystallises well in needles. 

Hydrolysis of 4/-Chloro-Z : 3 '-dinitrobenzoylA-aminophenylarsinic 
Acid. —-Two g. of the dinitro-acid were boiled for 30 minutes with 
30 c.c. of ^-sodium hydroxide. When cold, the solution was 
neutralised to Congo-paper and the precipitated acids were collected, 
dried, and extracted with dry ether in a Soxblet apparatus. The 
ether-soluble acid weighed TO g., m. p. 175°. A mixture of the 
substance with 4-chloro-3-nitrobenzoic acid, which itself melted at 
182°, melted at 177°. The ether-insoluble material weighed 1*1 g. 
and was unchanged in weight after extraction with 0*5iV-hydro- 
ehlorio acid to remove any possible 4-aminophenylarsinic acid. 
This proved to be 3-mtro-4-aminophenylarsinic acid. The original 
aqueous solution on ether extraction gave 0*05 g. of crystalline acid, 
m. p. 172°. Mixed with chloronitrobenzoie acid, this melted at 
157°; with 3-nitro-4-hydroxybenzoic acid, m. p. 185°, however, 
the melting point was raised to 175°. 

4/-Chloro-Z : S'-diaminobenzoylA-aminophenylarsinic Acid (IV; 
E, = Cl).—The dinitro-acid (6-5 g.) was reduced exactly as described 
for the corresponding dinitrotoluoylarsinic acid. The combined 
alkaline extracts of the ferric hydroxide, when neutralised to 
Congo-paper, gave an amorphous, brown precipitate, but on keeping 
a few hours the diamino-acid (3*0 g.) crystallised. The filtrate was 
made alkaline with ammonia and heated with magnesium chloride; 
a magnesium salt then separated which gave an additional 1*25 g. 
of acid. The combined crude acids were dissolved in 40 c.c. of 
* ^-hydrochloric acid with addition of 1 c.c. of concentrated acid 
and precipitated by addition of saturated sodium acetate until 
neutrality to Congo-paper was reached (yield 76%). The acid so 
prepared crystallises in rosettes of pointed plates (Found: d, 9-2, 
^laS^O^gClAs requires 01, 9*2%). 

Preparation and Nitration of 4-Ethylcarbonatobenzoic Acid 
4-Hydroxybenzoic acid (34*5 g.) dissolved in 500 c.c. of JV-sodium 
hydroxide (2 niols.) was shaken with 26*0 c.c. of ethyl chloroformate 
(1*1 mols.)* added in four portions. Ether extraction removed a 
viscous, pleasan^^ oil (2*6 g.), presumably 

■' ..... 

(compare analogous case of salicylic acid, D R.-P. 117,267). The 
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aqueous solution on acidification gave 49*3 g. of 4- eihylcarbonato- 
benzoic acid (94% yield). This acid is best recrystallised from 
86 volumes of boiling water and separates in long, glistening needles, 
m. p. 154—156°. It is very soluble in the usual organic solvents 
(Found : C, 57-0; H, 4*9. C 10 H 10 O 5 requires C, 57*1; H, 4*8%). 
Nitration. The acid (48*5 g.) was dissolved in 182 c.c. of fuming 
nitric acid (nitric acid, d 1*42, has no action) and heated for 10 
minutes on the boiling-water bath. The product was poured into 
water, the solid collected, dissolved in sodium bicarbonate solution, 
and extracted with ether, which removed 7*5 g. of non-acidic solid, 
A. The aqueous solution on acidification gave 44*6 g. (76% yield) 
of 3~nitro-4:-ethylcarbonatobenzoic acid. This is best recrystallised 
from 15 volumes of boiling benzene and separates in clear, irregular¬ 
shaped plates, m. p. 168—169° (Found: C, 47*3; H, 3-7. 
C^o-EgO^N requires C, 47*1; H, 3*6%). 

The non-acidic solid, A, was distilled in a vacuum, when 6*35 g. 
passed over at 18 mm. and an external bath temperature of 192°. 
This fraction, on crystallisation from alcohol, separated readily 
in fine needles, m. p. 67—68° (corr.) in agreement with the properties 
described by Ransom (Ber., 1898, 31, 1064) for ethyl 4-nitrophenyl- 
carbonate. On hydrolysis with alcoholic soda, it yielded 4-nitro- 
phenol. The non-volatile residue, 1*6 g. 3 was highly coloured and 
did not crystallise on keeping, but was proved to be ethyl 2:4 -dinitro- 
phenylcarbonate by hydrolysis with alcoholic sodium hydroxide, 
which gave 2 : 4-dinitrophenol. 

3' -Nitro-4:'-ethylmrbomtobenzoylA-cminophenylar&inic Acid (V). 
—The above-described 3-nitro-4-ethylcarbonatobenzoic acid (25*5 g.) 
was shaken with 21*0 g. of phosphorus pentachloride until reaction 
took place. The phosphorus oxychloride was removed under 
reduced pressure by gentle warming. The residual syrupy nitro- 
ethylcarbonatobenzoyl chloride, which crystallises readily in a freezing 
mixture and remains solid above room temperature, after being 
evaporated to dryness once or twice with dry ether, was added 
in three portions with vigorous shaking to 15*5 g. of sodium 4-amino- 
phenylarsinate pentahydrate dissolved in 300 c.c. of half-saturated 
sodium acetate solution. The solid (34 g.) precipitated by making 
the solution definitely acid to Oongo-paper, was divided by ether 
extraction into 15-6 g. of unchanged nitro-acid and 18*1 g. (80% 
yield) of the required arsinic acid. This acid is soluble in boiling 
acetic acid, more readily soluble in boiling 90% formic acid, and 
crystallises in needles (Found : As, 16*5. C 16 H 15 0 9 N2As requires 
As, 16*5%). : "• . •• -I-- 

%' -NtiroA* -hydroxybenzoylA-amirioplienylarsinic Acid (VI).--^The 
crude acid (18*1 g.) as obtained above was dissolved in 100 
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IV-sodium hydroxide, and the solution just brought to its boiling 
point. Addition of acid to the cold solution precipitated, at an 
intermediate stage, the sodium salt of the nitr ohydr oxy-acid in 
rectangular plates, but finally (acid to Congo-paper) the free acid 
as a primrose-yellow solid (yield 97%). This acid is sparingly 
soluble in boiling acetic acid, crystallising therefrom in minute 
clusters of needles, but readily soluble in boiling 90% formic acid, 
from which it crystallises in long, silky needles (Found: As, 194. 
C 13 H n 0 7 N 2 As requires As, 19*6%). 

Reduction of S' -NitroA' -hydroxybenzoylA-aminophenylarsinic Acid . 
—(a) By hyposulphite. The nitro-acid (3-8 g.) in 25 c.c. of iV-sodium 
hydroxide (2*5 mols.) was treated with 6 g. of sodium hyposulphite 
added in portions. The end-point was determined by removing 
samples and observing the absence of yellow colour on adding 
alkali. The separated solid, consisting mainly of the sodium salt 
of the required amino-acid, was collected and dissolved in 240 c.c. 
of N -hydrochloric acid at 50°. The filtrate, made neutral to 
Congo-paper by addition of saturated sodium acetate solution, 
deposited the pure amino-acid ( 2*1 g.) in small needles. 

(b) By ferrous chloride . This reagent, used as frequently de¬ 
scribed in this paper, reduced the mtro-acid very smoothly. The 
amino-acid was obtained quite pure in 93*5% yield by neutralisation 
of the alkaline filtrate from the ferric hydroxide. 

S'-AminoA'-hydroxybenzoylA-aminophenylarsinic acid is readily 
soluble in warm iV'-hydrochloric, nitric, or sulphuric acid, the salts 
of the former two crystallising in needles, that of the latter being 
amorphous and gelatinous. The acid diazotises with production of 
a pale yellow colour and even from very dilute solutions the diazo¬ 
oxide separates in pale yellow needles. This couples with alkaline 
p-naphthol with a cherry-red colour. The acid is soluble in satur¬ 
ated sodium hydrogen carbonate solution, but the sodium salt 
Soon separates in micro-crystals (Found : As, 21*5. C 13 H 13 0 5 N 2 As 
requires As, 21*3%). 

S'-AminoA'-hydroxybenzoylA-amiTioarsenobenzene (VIII).—Araino- 
hydroxybenzoylaminophenylarsinic acid (3*3 g.) was suspended in 
16*5 c.c. of hypophosphorous acid (d 1*137) with addition of 33 c.c 
of 50% acetic acid and a crystal of potassium iodide. The mixture 
was stkred at 50—55° for 1 hour; the whole of the originally 
crystalline suspension had then 1 become orange-yellow and amor¬ 
phous. The product was centrifuged off, washed several times 
with adr-free water, and treated with sodium hydrogen carbonate 
solution until permam^ The liberated base was re¬ 

cently well washed, and dried in a vacuum (yield 2*7 g.). 
13ns arseno-derivative is soluble instantly in sodium hydroxide, 



THE ACTION OF NITROUS ACID UPON AMIDES, ETC. 2651 

but not in sodium carbonate. It is insoluble in hydrochloric acid 
of any strength, but vanishes almost instantly on addition 
of nitrite -with intermediate development of a deep colour. It 
then couples with alkaline (B-naphthol (Found : As, 24*7, 25-1. 
G 26 B. 2Z 0^ 4 As2 requires As, 24*8%). 

Z' -AcetylaminoA*-aaetoxylfoenzoylA-amiyioplienylarsinic Acid. —The 
aminohydroxy-acid (3*5 g.) was dissolved in 40 c.c. of ^-sodium 
hydroxide or sodium carbonate, and 5 c.c. of acetic anhydride were 
added in 1 c.c. portions with vigorous shaking. The solution was 
acidified to Congo-paper, and the precipitated solid well washed 
with water and dried (yield 3*8 g.). From weakly alkaline solution 
this acid is precipitated in fine needles which are almost insoluble 
in boiling glacial acetic acid but extremely soluble in cold 90% 
formic acid. From more dilute formic acid it crystallises well in fine, 
soft needles (Found: As, 16*9. C^H^O^gAs requires As, 17*2%). 
The maximum dose tolerated by mice is 1-75 mg. per g. of mouse. 

Z'-Acetylamino-A*-hydroxybenzoylA-aminoyplienylarsinic Acid .— 
When a solution of 1 g. of the preceding acid in 10 c.c. of A-sodium 
hydroxide (4 mols.) was kept for 20 hours at room temperature, 
then diluted, and acidified with 3A-hydroehloric acid, the N-acetyl 
acid was obtained as a microcrystalline, anisotropic powder (Found : 
As, 19*2. C^H^OgNgAs requires As, 19*0%). This acid is almost 
insoluble in boiling glacial acetic acid, but very readily soluble in 
warm 90% formic acid, from which it separates in microscopic needles. 

Z-AcetylaminoA-acetoxyphenylarsinic Acid —3-Aimno-4-hydroxy- 
arsinic acid (2*33 g.; 0-01 mol.) was dissolved in 25 c.c. of water 
with the aid of 3*5 g. (4 mols.) of sodium bicarbonate and acetylated 
by addition in 1 c.c. portions of 5 c.c. of acetic anhydride. When 
the solution was acidified with strong hydrochloric acid, the arsinic 
acid separated in needles (yield 2*5 g.). It is soluble in boiling 
glacial acetic acid and readily soluble in cold 90% formic acid 
(Found: As, 23*7. C^H^OgNAs requires As, 23*6%). 

The National Institute for Medical Research, 

Hampstead, N.W. 3. {Received, August 5th, 1925.] 


CCCLXII .—The Action of Nitrous Acid upon Amides 
and Other “ Amino compounds . 

By Robert Henry Aders Pijmmer. 

The action of nitrous acid upon amino-compounds was apparently 
first used by Sachsse and Kormann (Landw. Versuchs-Stat*, 1§74, 
17, 321) for the detection and estimation of these compounds in 
plant extracts. H. T. Brown (Trans. Guinness Res, Lab* > 

1 . ' ■ ■ : 4 t * 2 l 
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employed the reaction for studying the formation of amino-acids 
in the brewing process, and improved the old type of apparatus. 
Not until Van Slyke (J. Biol. Ghent., 1911, 9, 185; 1912, 12, 275) 
devised a satisfactory apparatus for the estimation was the method 
extensively used, and, as is well known, its chief use is for distin¬ 
guishing the different forms of nitrogen contained in the amino- 
acids resulting from the hydrolysis of proteins. A special short 
analysis of proteins can be made by the method of Van Slyke 
(J. Biol Ghent., 1911, 10, 15). 

The earlier workers tested only a few amino-acids; leucine and 
alanine gave off the whole of their nitrogen as nitrogen gas, asparagine 
gave off only half of its nitrogen as gas. Van Slyke tested a con¬ 
siderable number of amino-compounds. All a-amino-acids reacted 
rapidly ; presumably, therefore, the a-amino-group, but not the 
amide group, of asparagine reacted. The nitrogenous groups of 
guanidine and creatine did not react, nor the guanidine group of 
arginine. The e-amino-group of lysine reacted slowly, as also the 
amino-groups of certain purines. Dunn and Schmidt (J. Biol. Ghent., 
1922, 53, 401) and Wright Wilson (J. Biol. Ghent., 1923, 56, 183) 
have further studied these slow reactions. Urea was found by 
Van Slyke to react slowly with sodium nitrite and acetic acid. 
Werner (J., 1917, 111, 863), working under different conditions, 
found no reaction in the presence of acetic acid, but obtained an 
evolution of nitrogen in the presence of mineral acid. He found 
that the reaction was never complete and considered that the method 
was of no value for estimating urea. Krall (J., 1915, 107, 1396) 
observed an evolution of nitrogen from guanidine in the presence of 
mineral acid, and Wright Wilson {loc. cit.) obtained nitrogen from 
creatinine, using the Van Slyke apparatus. No other reference to 
the reaction of nitrous acid with “ amino ^’-compounds has been 
found on looking through the literature, except the statement in 
the text-book of Organic Chemistry by Meyer and Jacobson (1907, 
I, part 1) that amides give off nitrogen in the presence of strong 
sulphuric acid. 

These experiments were therefore undertaken to find out the con¬ 
ditions under which amides, guanidine, and other amino r compounds 
react with nitrous acid and to reconcile the various discrepan¬ 
cies in the previous results. Some other amino-compounds besides 
the above-mentioned were also tested, 

r; .Xu. /Experimental/ ■, 

The large f described by Van Slyke was used in 

■.-■■0 $the experiments. After the removal of air from the apparatus 
acid-sodium nitrite mixture was always brought to the 
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salne level in the reaction chamber; its volume measured 12 c.c. 
Generally 5 c.c., sometimes 10 c.c., of the solution of the compound 
under investigation were delivered from a pipette into the burette 
of the apparatus and run into the reaction chamber; the burette 
was then washed twice with 1 c.c. of water, and the washings were 
run into the apparatus. Reaction was allowed to proceed for 
periods varying from 1 to 24 hours; during the short periods the 
apparatus was continuously shaken, during the long periods it was 
shaken for the last half-hour. If the volume of gas evolved tended 
to fill the gas burette, the gas was passed into the permanganate 
vessel for absorption of nitric oxide and not returned to the burette 
until the reaction time was completed. In the experiments with 
mineral acid concentrated hydrochloric acid was added, 1 c.c. at a 
time, in the same way as the water used in washing the burette 
and in its stead. After the addition of 3 c.c. of hydrochloric acid 
gas evolution was very rapid, still more rapid after 4 c.c. In these 
cases the evolved gas was quickly passed into the permanganate 
vessel and further quantities were added only when the rate of gas 
evolution diminished. The rapid gas evolution usually ceased 
after 5 to 10 minutes, and became slow after 1 to 2 hours, so that 
the apparatus could be safely left for the long reaction periods 
amounting to 24 hours. The evolved nitrogen gas was finally 
measured and by the use of Van Slyke’s table its amount was con¬ 
verted into mg. of nitrogen. Usually 1% solutions of the compound 
under examination were used. The total amount of nitrogen in 
these solutions was determined by a Kjeldahl estimation in another 
aliquot portion. All the figures of the estimations were calculated 
to g. of nitrogen per 100 c.c. of solution. The results of the experi¬ 
ments are in the following tables. 

Discussion of Results. 

Amides .—The experiments with the above amides show clearly 
that these do not give off an appreciable quantity of nitrogen with 
nitrous acid in the presence of acetic acid in 24 hours, and are 
thus sharply distinguished from the simple amino-acids, which were 
shown by Van Slyke to react rapidly and completely in from 5 to 
$0 minutes. The difference in behaviour is clearly shown with 
asparagine; only one amino-group reacts in a period of 23 hours 
under these conditions. 

On introducing hydrochloric acid to the reaction mixture, com¬ 
plete reaction of the amide group did not occur until 5 c.c. of con¬ 
centrated acid had been added. This amount of acid gave a con¬ 
centration of approximately 21^-HC1. In the case of asparagihe, 
the whole of its nitrogen was then evolved as gas. 
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Amides . 


Fomamide. Acetamide . 

Expt 1. Total N per 100 c.c. = Expt 1. Total N per 100 c.c. = 

0*2884 g, 0*1512 

N evolved N evolved % of 

Time (g.per % of Time (g. per total 

With (hours). Temp. 100 c.c,). total N. With (hours). Temp. 100. c.c.). N. 

2 c.c. H 2 0 1*5 15° 0*0088 8*1 2o.o.H a O 1 12° 0*0011 0*7 

„ „ 2*5 16 0*0080 2*8 2 „ „ 4*5 13 0*0011 0*7 

„ „ 24*5 16 0*0092 3*2 2 „ „ 17*5 11 0*0011 0*7 


Expt 2. Total N per 100 c.c. = 
0*1806 g. 


2 c.c, HC1 

19 

11 

0*0191 

10*6 

4 „ 

99 

24 

15 

0*0923 

51*1 

6 „ 

99 

6 

18 

0*1609 

89*1 

6 „ 

99 

19 

14 

0*1427 

79*0 

6 „ 

» 

22 

15 

0*1805 

100*0 


Expt. 3. 

iFofoZ # per 100 c.c. = 


0*2240 g. 




2 c.c, H 2 0 25 

17 

0*0162 

7*2 

2 „ HC1 

24 

16 

0*0234 

10*3 

^ 99 99 

24*5 

16 

0*0228 

10*2 

3 t» 99 

24 

15 

0*0344 

15*4 

^ 99 99 

22 

14 

0*0604 

27*0 

3 99 99 

22 

13 

0*1415 

63*2 

0 99 

23 

13 

.0*1732 

77*3 

7 jj 99 

26 

12 

0*1882 

84*0 

7 99 99 

24 

13 

0*2139 

95*5 


Propionamide . 


Expt 1. 

3"oZaZ N per 50 c.c. = 


0-1155 g. 




2 o.o, HjO 

0*5 

13 

0*0006 

0*5 

2 )J 99 

2 

14 

0*0017 

1*5 

2 ' 99 99 

17*5 

14 

0*0039 

3*4 

2 „ „ 

46*5 

13 

0*0037 

3*2 


2. Total N per 100 c.c. = 
0-1946 g. 


2 o.o, H.0 23 

11 

0*0014 

0*7 

2 „ HCt 25 

11 

0*0156 

8*0 

3 « 23 

11 

0*0154 

8*0 

4 >j, jj 23 

12 

0*1491 

76*6 


^ 77, 77 “V H v »v v 

6 » „ 22 12 0*1967 101*0 


Expt, 2. Total N per 100 c.c. « 
0*1148 g. 


2o.c. HoO 23 

17 

0*0032 

2*8 

2 

HC1 

24 

17 

0*0082 

7*1 

3 

99 

24 

17 

0*0360 

31*3 

4 

99 

5 

17 

0*0644 

56*1 

4 

99 

8 

16 

0*0696 

60*6 

4 


12 

17 

0*0882 

76*8 

4 


25 

17 

0*1042 

90*7 

5 


6 

17 

0*0964 

83*9 

5 


17 

17 

0*1112 

96*9 

5 


24 

18 

0*1185 

103*2 


Expt. 1. Total N per 100 c.c. = 


0*2100 g. 

2 o.o. HjO 0-25 

17 

0*1039 

49*5 

2 „ „ 0-5 

15 

0*1043 

49*7 

2 „ „ 1-0 

15 

0*1060 

50*5 

2 „ „ 3-5 

16 

0-1093 

53*0 

2 „ „ 17-5 

13 

0*1112 

53-0 

Expt . 2. Total N per 100 cx. = 


0-2100 g. 

1 e.c. HOI 1 ‘ 

18 

0*1061 

50-5 

2 „ „ 2-0 

18 

0*1079 

57-4 

3 „ „ 18-0 

15 

0*1135 

54*0 

6 „ „ 7-0 

14 

0*1615 

76*9 

7 „ » 23-0 

16 

0*2209 

105*2 

8 „ „ 23 

15 

0*2142 

102*0 

Expt. 3. Total N per 100 cx. = 
0*3115 g. 


2 c.c. H 2 0 23*5 

2 „ HC1 23 

13 

0*1699 

54*5 

13 

0*1842 

59*1 

23 

13 

0*1917 

61*5 

23 

12 

0-1861 

59*7 

23*5 

13 

0*3014 

96*7 

23*5 

15 

0 3264 

104*4 
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Urea mi Derivatives. 


Urea , 

Expt 1. Total N per 100 c.c. = 
0-2856 g. 

3ST evolved 


With 

Time 

(hours.) Temp. 

(g. per 
100 c.c.). 

%of 
total IT. 

2 c.o. H 2 0 

0*5 

11° 

0*0164 

5*7 

2 

1*0 

11 

0*0329 

11*5 

2 

2-5 

12 

0*0958 

33*5 

2 

3*5 

12 

0*1552 

54-3 

2 

6*5 

12 

0*2198 

77*0 

2 

8*5 

11 

0*2315 

81*1 

2 

15*0 

11 

0*2657 

93*0 

2 

24-5 

10 

0*2767 

96*9 


Expt 2. Total N per 100 c.c. = 


0*2422 g . 

- . _£- - 



2 o.o. H 2 0 

8*5 

20 

0*2512 

103-7 

2 » 

23*0 

18 

0*2495 

103*0 

2 » 

47*0 

19 

0*2456 

101*4 



Biuret 




Expt 1. Total N per 100 c.c. = 
0*2884 g. 


2 o.c. H 2 0 

1*0 

11 

0*0117 

4*1 

2 ft » 

5*5 

11 

0*0326 

11*3 


16-5 

11 

0*0476 

16*5 

2 » 

40 

11 

0*0542 

18*8 

Expt. 2. ; 

(TotoZ N per . 

100 c.c. = 


0-1554?. 




2 o.o. HjO 

6 

21 

0*0566 

36*4 

2 „ „ 

17 

19 

0*0708 

49-3 


23 

22 

0*0763 

45-6 

HOI 

24-5 

21 

0*1035 

66*6 


23 

22 

0*1116 

71*8 


24 

20 

0*1439 

92*6 


23 

19 

0*1411 

90*8 


24 

17 

0*1448 

93*3 


Urethane . 


Expt 1. Total N per 100 c.c. = 


0-1764 g. 






N evolved %.o£ 

Time 


fe. per 

total 

With (hours). 

Temp. 100 c.c.). 

ar. 

2 c.o. H 2 0 1 

15° 

0*0023 

1-3 

2 „ „ 3-5 

16 

0*0061 

3*5 

2 » st 23*5 

8 

0*0165 

9*4 

Expt 2. Total N 

per 

100 c.c. = 


0*1862 g . 




2 c.c. H 2 0 23 

15 

0*0568 

30*5 

! ” f,o}» 

14 

0*0929 

49*9 

2 HC1 24 

12 

0*1137 

61-1 

3 „ 23-5 

14 

0*1309 

70*2 

4 „ 23 

14 

0*2143 

115*1 

Semicarbazide hydrochloride. 


Expi. 1. Total N 

per 

100 c.c. s= 


0-0658 g. 




2 c.o. H,0 0-5 

14 

0*0081 

12*3 

2 „ „ 1-5 

15 

0*0080 

12-2 

2 „ „ 17-5 

14 

0*0132 

20-1 

Expt 2. Total N per 100 c.c. - 


0-1904 g. 




2 o.c. HjO 0-5 

14 

0*0161 

8*4 

2 » » 2-5 

15 

0*0304 

16*0 

2 „ „ 4-5 

15 

0*0320 

16-8 

2 „ „ 16-5 • 

14 

0*0515 

27-0 

2 „ „ 4-5 

15 

0*0714 

37*5 

jEtepZ. 3. fofoZ # per 100 c.c. ■ 


0-1218 g. 




2 o.o. UgO 25 

16 

0*0689 

58*6 

2 EC1 23 

22 

0*0764 

62*7 

2 23*5 

17 

0*0613 

50-3 

3 24 

18 

0*0595 

48-8 

3 23 

19 

0*0453 

37-2 

4 24 

17 

0*2037 

167-2 

5 24 

18 

0*2817 

231*3 

6 23 

20 

0*2859 

234-7 
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Guanidine and Denvatives. 

Guanidine carbonate* Aminoguanidine Acetate. 


Expt. 1 . TotalN per 100 c.c . = 0 * 13 16 g. 

TS evolved 

Time (g. per % of 

"With (hours). Temp. 100 c.c.). totalN. 


2o.c.H a O 1-0 

15° 

0*0029 

2*2 

2 t9 3*5 

15 

0*0016 

1*2 

2 „ „ 6*5 

15 

0*0029 

2-2 

2 „ „ 15*5 

11 

0*0060 

4*6 

2 , 9 tt 40*5 

14 

0*0104 

7*9 

Expt. 2. Total N per 100 c.c. = 0*3185 g. 

2 c.c. H 2 0 25 

13 

0*0319 

10*0 

2 „ HC1 24 

11 

0*0639 

20*1 

4 „ „ 23 

11 

0*1008 

31*6 

5 „ „ 24 

12 

0*2481 

77*9 

6 „ „ 24 

10 

0*2553 

80*1 

7 » „ 24 

13 

0*2784 

87*4 

3. (TotaZ ^ 2?cr 100 c.c. = 0 

•2968 g. 

2 c.c. H 2 0 24 

10 

0*0104 

3*5 

2 „ HC1 23*5 

9 

0*0368 

12*4 

3 99 it 23*5 

10 

0*0437 

14*7 

23*5 

11 

0*0826 

27*8 

25 

11 

0*2132 

71*8 

24 

12 

0*2420 

81*5 

23*6 

14 

0*2622 

88*4 

23 

14 

0*2688 

90*5 

Arginine Carbonate . 


.Etepf. 1. Total N per 100 c.c. — 0*1078 g. 

2 c.c. HjO 0*6 

16 

0*0267 

24*8 

2 „ „ 1 

16 

0*0294 

27*3 

2 9 t ^ 1 

15 

0*0280 

26*0 

2 „ „ 1 

16 

0*0267 

24*8 

2 ft ^ 2 

14 

0*0280 

26*0 

2 „ „ 4 

14 

0*0304 

28*2 

2 „ „ 21*5 

17 

0*0504 

46*7 

2 „ HC1 4 

19 

0*0402 

37*3 

2 „ ^ 26 

16 

0*0698 

64*7 

2 9, „ 30 

16 

0*0680 

63*1 

Creatine 



Expt. 1. STotol # yer 100 c.c. — 1 

0*07 g. 

1 

15 

0*0018 

2*6 

2 » I? 3*5 

15 

0*0011 

1*6 

2 t > >i 4*0 

15 

0*0023 

3*3 

2 „ » 18*5 

15 

0*0045 

6*4 

Expt. 2. Total N per 100 

c.c. =s» 0*1456 g. 

% o.o. HjO 23*5 

14 

.0-0231 

15*9 

2 „ HC1 25 

14 

0-0394 

27*0 

3 ji » 24 

14 

0-0494 

33*9 

' 4 „ 24 ■ ' 

; 16 

0-0483 

33*2 

4 >* * .24 ■■ 

03 ' ■ 

00574 

39*4 

5 „ „ 24 

14 

0-0967 

66*4 

6 „ V 24 

15 

0-1081 

74*2 

7 „ *> 24 

14 

0-1008 

69*2 

acetate. 


Total N per 100' 

c.c. ^ 0*3304 


■ 2 ac. HjO ■. 0*5, 


0-1061 

324 

ifc**','-' »' 2*5 

16 

mm 

102*4 

*9 18*5 

14 

03408 

103*1 


Expt. 1. Total N per 100 c.c. — 0*2590 g. 

N evolved % of 



With 

Time 

(hours). Temp. 

(g. per 
100 c.c.). 

total 

N. 

2 c.c. H a O 

0*5 

12° 

0*0177 

6*8 

2 

99 39 

1*5 

11 

0*0465 

17*9 

2 

99 99 

2*5 

14 

0*0510 

19*7 

2 

9 > 99 

17*5 

11 

0*0608 

23*5 

2 

99 99 

24*5 

15 

0*0617 

23*8 

2 

99 99 

25*5 

15 

0*0659 

25*4 

2 

99 99 

48*5 

11 

0*0709 

27*4 

2 

99 99 

50 

15 

0-0777 

30*0 

Expt. 2. 

Total N per 100 c.c. = 


0*3402 g. 

2 c.c. ILO 24 

13 

0*0731 

21*5 

2 

„ HC1 

24 

13 

0*1052 

30*9 

3 


24 

12 

0*1067 

31*4 

4 


24 

12 

0*1855 

54*5 

5 


24 

12 

0*2750 

80*8 

6 


25 

14 

0*3112 

91*5 

7 


24 

16 

0*3168 

93*3 

8 

» » 

24 

16 

0*3154 

92*7 


Arginine carbonate . 

Expt. 2. Total N per 100 c.c. == 
0*1211 g. 

2 c.c. H a O 0-5 20 0*0212 17*5 

2 „ „ 1-0 19 0*0206 22*0 

2 „ „ 24 13 0*0566 46*7 

2 „ HC1 24 14 0*1044 86*2 

3 „ „ 24*5 13 0*1006 83*1 

4 „ „ 24*5 14 0*1118 92*3 

6 „ „ 24 15 0*1173 96*9 

7 „ „ 25 19 0*1167 96*4 

8 „ „ 24 17 0*1237 102*1 

Creatinine. 


Expt. 1. Total N per 100 c.c. =0*2898 g. 


2 c.c. H 2 0 

1 

15 

0*0766 

22*9 

2 

4 

17 

0*1027 

35*4 

2 

15*5 

15 

0*1075 

37*1 

2 

23 

17 

0*1164 

401 

2 

25 

19 

0*1211 

41*8 

2 HCI 

25 

17 

0*1208 

41*7 

3 

24 

13 

0*1221 

42*1 

4 a a 

23 

14 

0*0886 

30*6 

5 „ 

24 

16 

0*0540 

18*6 

6 „ „ 

25 

14 

0*0646 

22*3 

6 „ „ 

23 

17 

0*0478 

16*5 

7> „ 

24 

15 

0*0506 

17*5 

6 tt tt 

23 

14 

0*0455 

15*7 


Eydrazine sulphate. 

Total N pets 100 c.c. « 0*0574 g» 

0*S 13 0*0641 111*7 

2 „ „ 4*5 13 0*1424 258*5 

3 * „ 17-5 14 0*1573 274*0 
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The formation of nitrogen in the presence of hydrochloric acid is 
not due to hydrolysis of the amide. Experiments were made to 
test this possibility by allowing 20 c.c. of the amide solution to stand 
for 24 hours with 6 c.c. of concentrated hydrochloric acid. The 
solution was then rendered alkaline with sodium carbonate, and any 
ammonia produced estimated by the aeration method of Eolin. 
Acetamide gave 26*2, propionamide 26*3, asparagine 4*9%. 
Eormamide was apparently completely hydrolysed with the forma- 
ation of 96*2% of ammonia. 

If the reaction of amino-acids with nitrous acid in acetic acid 
solution is taken as an indication of the presence of a primary amino- 
group, the difference in the behaviour of amides should be represented 
by giving amides the alternative formula, R*C(OH)INH, which may 
be regarded as being converted in the presence of mineral acid into 
the more usual formula, R«CO*NH 2 , which shows the presence of an 
—NH 2 group. This alternative formula is supported by the form¬ 
ation of unstable salts of amides, which are decomposed by water. 

Urea and Derivatives .—Van Slyke has stated that urea reacted 
slowly with nitrous acid in the presence of acetic acid. These 
results show that at low temperatures (from 10° to 12°) the reaction 
is not complete, but that complete decomposition occurs at 18° to 
20°. Werner, under different experimental conditions, did not 
observe complete reaction, and attributed the incompleteness to 
the formation of ammonium salts. As seen from the experiment 
with ammonium acetate, it is completely decomposed in 24 hours. 
The difference in the results seems to be due to the length of time of 
the reaction. As urea was decomposed in the presence of acetic 
acid, no experiments were made in the presence of hydrochloric acid. 

On comparing the results with those of amides, it appears that 

urea possesses the alternative formula, HN=C<CV^ which changes 

ATT ^ S 

in presence of acids to HN=C as proposed by Werner. 

The substance with the latter formula showing an —NH 2 group 
would be attacked by nitrous acid; isocyanic acid, which is easily- 
hydrolysed to ammonium carbonate, would also yield nitrogen. 

This alternative formula for urea is supported by the behaviour 
of semicarbazide and urethane. One-third of the nitrogen of semi- 
carbazide was obtained as gas in the presence of acetic acid, rather 
more in the presence of 2 or 3 c.c, of hydrochloric acid. One of the 
three nitrogen atoms would thus be present as an —H 2 N group. 
In presence of more hydrochloric aeid, large volumes of gas w#e 
evolved, suggesting that hydrazine was formed by decompo^cfe; 
Hydrazine in another experiment was observed to produce large 
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volumes of gas, probably resulting from reduction of nitrous acid 
by hydrazine. 

Urethane behaved like the simple amides : no evolution of 
nitrogen in presence of acetic acid, but complete reaction in presence 
of hydrochloric acid. It would thus appear to have the alternative 
formula, OEt*C(OH):NH, which changes into OEt’CO-NUg in 
presence of mineral acid. 

The behaviour of biuret with nitrous acid is most easily explained 
by Werner’s formula, NH;C(OH)'NH*C(OK>NH. In presence of 
acetic acid, this would change to lSTH.*C(OH)*]SrH*CO*lsrH 2 with 
liberation of one-third of its nitrogen as gas, as found by experi¬ 
ment ; in the presence of 2 to 3 c.c. of hydrochloric acid, the formula 
would become NH 2 *CO*NH*CO-NH 2 > two-thirds of the nitrogen 
was given off. In presence of 4 to 6 c.c. of hydrochloric acid, the 
whole of the nitrogen was evolved, indicating that the molecule was 
completely broken down. 

Guanidine and Derivatives .—Guanidine reacted only slightly in 
presence of acetic acid, two-thirds of its nitrogen was given off 
in presence of 5 c.c. of hydrochloric acid, and the reaction was nearly 
complete in presence of 8 c.c. of hydrochloric acid in 23 hours. 

The alternative formula, BQST=C<!^^ 3 , proposed by Krall, is 

indicated for guanidine. This changes to the usually adopted 
formula, NHIC(]$II 2 ) 2 , in presence of mineral acid, which explains 
the liberation of two-thirds of its nitrogen in presence of hydro¬ 
chloric acid. 

Arginine behaved in a simi l ar way to guanidine. Only the 
od-amino-group reacts with nitrous acid in presence of acetic acid. 
This reaction is used in its analysis. An excess of nitrogen over 
one-third was found by Plimmer (Biochem. J., 1924, 18, 105) if 
the reaction were prolonged. The whole of its nitrogen is given off 
as gas in the presence of hydrochloric acid. 

Aminoguanidine gave off one-quarter of its nitrogen as gas in 
presence of acetic acid, but larger quantities in presence of hydro¬ 
chloric acid. Corresponding with guanidine, the whole of the 
nitrogen was not evolved as gas. 

Creatine reacted in a similar way to guanidine and appears to 


have an alternative formula such as C0 2 H*CH 2 *lSMe*C < ^^®‘ 3 , 

which changes to the usual formula, C0 2 H-CH 2 *NMe-G(:NH)-NE^, 
in presence of hydrochloric aeid. A volume of nitrogen was evolved 


corresponding to two nitrogen atoms. The third nitrogen atom, to 
whieh the methyl group is attached, would not be expected to yield 
Creatinine, which was also found by Wright Wilson to 
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react with nitrous acid in presence of acetic acid, showed an un¬ 
expected behaviour, indicating the presence of an amino-group. 
It would thus appear to have an alternative formula such as (I) 
instead of (II). 

N 

(I.) NH 2 *C 00 
MeN— CH 2 

The effect of mineral acid in diminishing the volume of nitrogen 
evolved may be due to a change of the new alternative formula 
to the commonly adopted one. The formation of the smaller 
amounts of nitrogen in the experiments may be due to the method 
of adding the hydrochloric acid, 1 c.c. at a time; a certain volume 
would be liberated before the whole of the 6 or 8 c.c. could be 
introduced. 

Summary. 

1. Amides and urethane do not react with nitrous acid in presence 
of acetic acid. 

2. Both react quantitatively in presence of approximately 2N- 
hydroehloric acid. 

3. Urea reacts quantitatively with nitrous acid in presence of 
acetic acid. 

4. Biuret reacts with one nitrogen atom in presence of acetic acid, 
with two nitrogen atoms in presence of small amounts of hydrochloric 
acid, with three nitrogen atoms in presence of 2N -hydrochloric acid. 

5. Guanidine and creatine do not react with nitrous acid in 
presence of acetic acid, but give off nitrogen in presence of hydro¬ 
chloric acid. 

Arginine, excepting its primary a-amino-group, behaves in a 
similar way. 

6. Creatinine gives off nitrogen corresponding to one nitrogen 
atom with nitrous acid in presence of acetic acid; the volume of 
nitrogen evolved is diminished in presence of hydrochloric acid. 

7. If nitrous acid in presence of acetic acid is a reagent for the 
presence of an —'N'EL 2 group, amides and the other compounds 
investigated will possess alternative formulae, which, in presence 
of hydrochloric acid, change to the usually accepted formulae for 
these compounds. 

The author desires to express his thanks to the Government Grant 
Committee of the Eoyal Society for a grant out of which the expenses 
of this research have been defrayed. 
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CGCLXIII .—Solubility Influences . Part I. The Effect 

of some Salts , Sugars , and Temperature on the 
Solubility of Ethyl Acetate in Water. 

By Samuel Glasstone and Albert Pound. 

Although much, work has been done on the influence of salts on 
the solubility in water of various non-electrolytes (for chief refer¬ 
ences, see Eyre, Brit. Assoc . 1Rep,, 1910, 447; 1912, 820; Rivett 
and Rosenblum, Trans . Faraday Soc 1914, 9, 297; Linderstrom- 
Lang, Compt. Bend. Trav . Lab. Carlsberg, 1924, 15 , No. 4), there 
seems to have been very little attempt made at a systematic 
investigation. Very little work, too, has been done on the influ¬ 
ence of non-electrolytes such as sugars on the solubility of other 
non-electrolytes such as ethyl acetate, ether, and aniline, and, as 
far as the present author is aware, there has been no systematic 
investigation of the effect of a mixture of substances, either elec¬ 
trolytes or non-electrolytes, on the solubility of a sparingly soluble, 
neutral substance. It seemed very probable that a complete 
examination of the so-called “ salting out ” effect would throw 
some light on the larger problem of solution, and the work described 
below was intended to be a contribution towards a more systematic 
survey of the problem than has yet been made. 

In the present work, the solubility of ethyl acetate has been 
determined at 25° and at 50° in pure water and in the presence of 
various sugars and of the chlorides, bromides, and iodides of the 
alkali metals and of ammonium. Some rough measurements have 
also been made of the solubility of various salts in ethyl acetate 
saturated with water (about 3%), and an interesting qualitative 
connexion between these values and those of the solubility of ethyl 
acetate in salt solutions has been established. The solubility of 
ethyl acetate in water has also been determined at 0°, 10°, and 37°. 

Philip (J., 1907, 91, 711) has shown the advantage of expressing 
solubility results of this kind in terms of grams or gram-moles per 
1000 grams of solvent rather than per litre of solution. A further 
change is now made, the results being expressed in terms of the 
number of gram-mols. of water required to dissolve one gram-mol. 
of ethyl acetate in the presence of various molecular quantities of 
added sugar or salt; in this form the results are useful for various 
calculations and for comparison with one another. 

:P : % > Experimental. 

Ethyl acetate made by Roberts’s method {J. Soc. Chem. Ind., 
295t) was purified from alcohol by distillation over 
<^hium chloride and thm by several fractionations over phos- 
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phorus pentoxide; only the final constant-boiling fraction was 
used in this work. The salts and sugars were the purest com¬ 
mercial specimens, mainly supplied by the British Drug Houses, 
Ltd., and no attempt was made to purify them; slight impurities 
had very little effect on the solubility of ethyl acetate, and this 
was probably less than the experimental error. The various 
solutions were made up by careful weighing of the substance and 
the water, and were saturated with ethyl acetate as follows : Since 
the solubility of ethyl acetate in water and in aqueous solutions 
decreases with rise of temperature (see below), the solution was 
shaken with a slight excess of the ester at a temperature below 
26° or 50° and placed in a thermostat at 25° or 50°; the excess of 
ethyl acetate then separating caused the liquid to become cloudy. 
In the course of an hour or two the aqueous liquid was clear again, 
and was a saturated solution of the ester at the temperature of 
the thermostat. Care was always taken that the excess of ethyl 
acetate present was not so large that the amount of water or salt 
dissolved by it could not be neglected. 

For analysis, a quantity of the saturated solution (3 to 8 g., 
depending on the ester concentration) was transferred rapidly in 
a warmed pipette to a stoppered bottle and weighed; care was 
taken that none of the acetate layer was drawn into the pipette. 
In the cases of the various salts which it was desired to recover, 
and of the sugars, the weighed solution was diluted with water, 
washed into a distilling flask, and the ethyl acetate, and some 
water, distilled over and collected in water in such a way as to 
avoid loss of ester. The residue in the flask was always tested 
to make sure that no acetic acid, which might have resulted from 
the hydrolysis of the ester by boiling water, remained behind. 
The ester was then hydrolysed "with standard sodium hydroxide 
and estimated in the usual way. When the original solution 
contained an ammonium salt, distillation was always necessary, 
and in case the salt had become hydrolysed during this process 
and ammonia distilled over, the solution, after alkali hydrolysis, 
was boiled for a few minutes without the reflux condenser in order 
to expel ammonia. If distillation was unnecessary, the weighed 
solution was diluted and hydrolysed directly. 

Results .—The columns headed m and w give the number of 
g.-mols. of added substances and of water, respectively, required 
to make a solution which will be saturated with 1 g.-mol. of ethyl 
acetate at the temperature stated. The significance of the figures 
in the column headed n is explained on p. 2664. In the absence 
of any added substance the value of w (w Q ) is 66*16 at 25° and 
80-98 at 50°. 
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Lithium chloride. 


m. 

w. 

n. 

0-667 

76*67 

15*7 

2-27 

98*92 

14*5 

6-28 

133*7 

10*7 

24-85 

231*5 

6*7 

134-5 

476*2 

3*3 


Lithium bromide. 


m. 

w. 

25°. 

n . 

0*287 

68-16 

7*0 

0*777 

71-19 

6*4 

1*824 

77*14 

6*0 

4*85 

91*19 

5*2 

13*26 

96*27 

2*3 

15-66 

40-65 



Lithium iodide, 
m ' w. n. 


0-475 65-90 — 

0-905 62-60 _ 

1-957 58-40 — 

3-44 38-5 — 


50°. 


0*858 

2*905 

8*08 

31*55 

181*2 

98*65 

125*9 

171-8 

294*1 

641*0 

20*6 

15*0 

11*2 

6-7 

3*1 

0-354 

0-935 

2-325 

6-12 

18-40 

84- 03 

85- 47 
98-46 

115-2 

133-3 

8-6 

4-8 

7-5 

5*6 

2-9 

0-566 

1-112 

2-36 

5*02 

0*912 

78-5 

76-9 

70-5 

56-0 

4-56 




19-58 

83-5 

— 

Sodium chloride. 

Sodium bromide. 

Sodium iodide- 

0-219 

0*477 

1*540 

4*86 

12*03 

27*10 

59*30 




25°. 




70*68 

76*65 

94*34 

142*0 

218*8 

352*1 

581*4 

20*7 

22*0 

18*3 

15*6 

12*7 

10*6 

8*7 

0-229 

0*630 

1-560 

4*91 

12-10 

47*40 

71*10 

76*76 

87*72 

121*2 

173-3 

367-6 

16-8 

13*9 

11*2 

8-8 

6*4 

0-163 

0*432 

0*774 

2*165 

6*46 

21*32 

67*14 

68-25 

68-78 

73-37 

82-58 

109-4 


0*273 88-12 26-1 

0*589 94*80 23*4 

2*02 123*5 21-Q 

6-43 188*0 16-6 

14*40 261*8 12-6 

33*42 434*8 10-6 

85*00 833-3 8-9 


50°. 


0*294 

91-66 


0-794 

96*64 

19-6 

2-69 

116-3 

13*1 

6-43 

158-7 

12*1 

15-48 

221-7 

9*1 

52-60 

408*2 

6*2 


0*243 

84*37 

13-6 

0-535 

84*75 

7-0 

0*978 

86*58 

5*6 

2*81 

95*24 

5*0 

8*44 

107*8 

3*2 

27*76 

142*5 

2*2 


Potassium chloride. 


Potassium bromide. 
25°. 


Potassium iodide. 


0*168 69*15 

0*369 74*75 

1-093 86*21 

3*06 112*9 

6*96 155*0 

12*19 203*7 
22*90 284*9 

0*213 87*57 

0*458 92-73 

1*438 113*3 

4*09 152*7 

8*87 197-6 

14*70 245*7 

31-07 386*1 


17*8 

0-249 

23*3 

0-610 

18*3 

1-39 

15*2 

4-29 

12*7 

9-44 

11*3 

21-90 

9*5 


_ 

0-370 

25*5 

0-737 

22*4 

1-774 

17*5 

5-46 

13*1 

12-65 

11*2 

30-68 

9*8 



69-20 

12-3 

76-70 

17-3 

84-03 

12*8 

114-9 

11*3 

148*6 

8*7 

220-8 

7*0 

50°. 


85-09 

11*0 

92*59 

15*7 

107*1 

14*7 

146*0 

11*9 

199*2 

9*3 

308*6 

7*4 


0-150 

68*03 

0-396 

69*69 

0-860 

71*43 

2-02 

75*19 

6-45 

87*72 

20-19 

125*0 

0-181 

82*26 

0-473 

83*33 

1-045 

86*81 

2-44 

90*91 

7-71 

106*7 

24-22 

149*9 


12*5 

9*0 

6*1 

4*5 

3*3 

2*9 


7*0 

4*9 

5*5 

4*1 

3*3 

2*8 


Rubidium chloride. 


0*578 77*52 19*7 

1*454 93*10 18*5 

5*22 135-9 18*8 

14*20 224*7 12*5 

07-8 546*4 7*1 


Rubidium bromide. Rubidium iodide. 
25°. 


0*421 73*53 

0*993 80*65 

2*55 94*69 

; 7^65 132*5 

24*00 222*7 


17*5 0*298 

14-5 0*635 

11*2 1*475 

8*6 2*66 

6*5 5*69 

12*53 


66-82 

2*2 

. 68-78 

4*1 

69-69 

2*4 

73-42 

2*7 

82-58 

2*9 

107-0 

2.9! 
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Rubidium chloride. 

Rubidium bromide. 

Rubidium iodide. 

m . 

w. 

n. 

m. 

w. 

n. 

m. 

w. 

M. 





50°. 





0-742 

94-5 

18-2 

0-502 

87-64 

13-2 

0-358 

80-33 

_ 

6-62 

172-4 

13-8’ 

3-23 

119-8 

12-0 

1-788 

84-37 

1*9 

84-4 

680-3 

7-1 

40-5 

375-9 

7-2 

7-26 

105*3 

3-3 

Caesium chloride. 

Caesium bromide. 

Caesium iodide. 






25°. 





0-427 

74-52 

19-6 

0-321 

70-68 

14-1 

0*237 

67-79 

6-9 

1*004 

86-21 

20-0 

0-693 

74-52 

12-1 

0-538 

68-87 

5-1 

3-065 

113-6 

15*5 

1-835 

86-81 

11-2 

1-241 

70-78 

3-7 

7-04 

153-1 

12-4 

3*47 

97-95 

9-1 

2*70 

72-30 

2-3 

26-70 

294-1 

8-5 

8-80 

135-0 

7-8 




132-5 

671*1 

4-6 


50°. 





0-530 

92-59 

21-9 

0-400 

88-12 

17-8 

0-290 

82*88 

6-5 

3-802 

141-0 

15-7 

2-235 

105-8 

11-1 

1-487 

84-79 

2-6 

29-95 

330-0 

8-3 

11-92 

179-9 

8-3 

3-44 

93-01 

3-5 

197-8 

1000-0 

4*6 

35-10 

275-5 

5*5 





Ammonium chloride. 

Ammonium bromide. 

Ammonium iodide. 





25°. 





0-525 

76*54 

19-8 

0-273 

70-0 

13-6 

0-422 

64-4 

_ 

1-568 

89-14 

14-7 

0-725 

74-4 

11*4 

0-866 

63-2 

— 

4-28 

112*4 

10-8 

1-680 

81-9 

9-4 

1-87 

66-8 

— 

8-41 

139-7 

8*7 

4-33 

94*0 

6-4 

4-74 

67-4 

—. 

14-95 

174*5 

7-2 

8-55 

109-5 

5-1 

12-42 

62*1 

— . 




16-38 

122-7 

3-5 








50°. 





0-632 

92-14 

17-6 

0-338 

86-5 

16-2 

0*513 

86*4 

. — 

1-973 

112-2 

15-8 

0-839 

90-8 

11-7 

1-094 

79-6 

— 

5-65 

148*4 

11-9 

2-107 

102-5 

10-2 

2-418 

78-7 

— 

11-42 

189-8 

9-4 

5-55 

120-6 

7-1 

6-28 

76-2 

— 

18*61 

216-9 

7-8 

11*77 

150*8 

5*9 

16-32 

88-8 

0-5 




21-78 

177-0 

4-4 




Dextrose. 


Laevulose. 


Sucrose. 






25°. 





0-0692 

68*6 

25*4 

0*394 

73-8 

19-4 

0-0734 

66*4 


0-1423 

69-3 

22*0 

0-867 

78-3 

14-0 

0*190 

68*5 

12-9 

0-392 

73-6 

19-0 

1-445 

81-9 

10*9 

0*406 

69*6 

8-5 

0-871 

78-6 

14*3 

2-178 

87-0 

9*6 

0-696 

75*0 

12*7 

1-486 

84*1 

12*1 

4-270 

99-8 

7-9 

1-010 

77-6 

11-3 

2-262 

90-6 

10-8 

8*65 

131-0 

7*5 

1-935 

86-7 

10-6 

3-315 

98-5 

9*7 




3*57 

101*5 

9-9 







6-10 

115-9 

8-1 





50°. 





0-0826 

81*8 

9*7 

0-475 

89-0 

16-6 

0-091 

82*1 

12-1 

0-1708 

83-1 

12-3 

1*045 

94-3 

12*7 

0*233 

83-9 

12*4 

0-462 

86-6 

12-1 

1-720 

97*4 

9-5 

0-508 

87-0 

11*8 

1-016 

91*5 

10-3 

2*520 

101*0 

7-9 

0-833 

89-6 

10*3 

1-705 

96-6 

9*1 

4-76 

111-2 

6-3 

1*206 

92-9 

0 * 

2-593 

103-6 

8-7 

8-89 

134*8 

6*1 

2-35 

105-4 

10-4 

3-722 

110*7 

8-0 




4-18 

119*0 

9-1 







6*81 

129-2 

.■mi 
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m. 

0-0706 

0*190 

0-423 

0-739 

1-094 

1*575 


25° 


69-4 

72*5 

77-4 

82*0 

88-7 

94-7 


Lactose. 




50°. 


nl 

m. 

w. 

n. 

46-0 

0-0848 

83*3 

27* 

33-4 

0-222 

84*7 

16* 

26-6 

0-487 

89*0 

16- 

21-4 

0-854 

94-8 

16*. 

20-6 

1-234 

100-0 

15*< 

18*1 

1-762 

105-9 

14*: 


Discussion . 

In. general, the effect of one substance in reducing the soh 
of another has been explained along two different lines. 

f * Chem -> 1899 > 31, 360) suggested that the addit 

a salt to water increases the internal pressure, and this rest 
a decreased solvent power for a neutral solute; this theor 
supported.by Geffcken (ibid., 1904, 49, 257), but was adv 
criticised by Levin (ibid., 1906, 55, 503). On the other 

SSS \ 19 ?°’ 335 401 ^ ^sted that the reducti 

solubility is due to the added salt becoming hydrated in soh 

so that the molecules of water involved in the hydration a 
longer available for the dissolution of another substance. Alth 
ttothmund later criticised this point of view (ibid., 1909, 69 
it received support from Baur (Ahren’s Sammlung, 1903, 8, 
Ijwry Faraday Soc., 1905, 1, 197) and Philip (J., 

Jr? 71 V* . last au ^hor was the first to make use of solul 

etemunations m salt solutions in order to calculate the hydri 
alues of various salts; by assuming that the reduction in solul 

sub f tanC6 is entirel y due to water mole 
mSp i d m the salt-hydrate, average values for the numbe 
molectdes of hydrate water per molecule of salt can be obtai 

“lJ h °^ 0f calcuIatia g hydration values has been a P] 

S S ! ° f b S m6d 1 m th6 preSent WOTk ’ and tte average d 
Salte ’- 6tC -’ at Vajious oonoeil trations, whit 

equal to («;-«, 0 )/m, is given in the C0l umn headed ». 

iol m ^ erB l S .°T d ° ubt M to the condition of molecules 
Sl Ct solutions, the hydration values for diffe 
T , .. compared at infinite dilution; consequently all 
fflanbera obtained above have beei otaS™ 
to aero eohoestathm. Th e ramlts are given belowfiSe™ 
appreciably hetwern 26“ and 50", average rwult. 

Hydration <,/ Balls at Infinite Dilution. 

W-...« »t...«, ... .| t eg*... 
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The results for the lithium salts and almost all the iodides are 
uncertain; the solubility figures in italics (pp. 2662—3) show that 
lithium bromide at the highest concentrations, and lithium and 
ammonium iodides at almost all concentrations, increase the 
solubility of ethyl acetate in water. The increase is probably 
connected with the formation of a compound between the salt 
and the ester; concentrated solutions of iodides containing ethyl 
acetate have a distinct yellow colour which is not due to the presence 
of free iodine and can be attributed only to the presence of some 
complex substance in solution. There was no evidence of a meta- 
thetical reaction between the salt and the ester. The remarkable 
fact that at 25° ethyl acetate and a 60% solution of lithium iodide 
in water are miscible in all proportions merits further investigation. 
Some experiments have been made on the solubility of the various 
salts in ethyl acetate saturated with water; lithium chloride, 
sodium, potassium, ammonium, rubidium and caesium iodides are 
slightly soluble, whilst lithium bromide and iodide are consider¬ 
ably soluble (roughly 30% and 40%, respectively, at 25°). It is 
with the salts which are soluble in ethyl acetate, therefore, that 
anomalous results have been obtained; it follows, then, that 
whenever the added salt either combines with or is soluble in the 
neutral solute the hydration values calculated by the method 
described above are useless. 

Although the hydration values given above axe in good agree¬ 
ment with those calculated by other authors from a variety of 
solubility measurements (Philip, loo. tit.; Philip and Bramley, 
J., 1915, 107, 377; McArthur, J. Physical Ghem 1916, 20, 495 ; 
Thorne, J., 1921, 119, 262; Manehot, Jahrstorfex, and Zepter, 
Z. anorg. Ghem., 1924, 141, 45), it does not follow that hydration 
is the main, or even the subsidiary, cause of salting-out. This 
effect may be due to some other fundamental property of each 
ion or molecule, which is independent of the nature of the sub¬ 
stance being salted-out, provided no compound formation occurs* 
In the case of the sugars, some of the hydration values calculated 
by the method described above appear to be incredibly large and 
to vary considerably with temperature, and so it is probable that 
other factors axe operative. 

It is seen also that molecules of a non-electrolyte have the power 
of reducing very considerably the solubility of ethyl acetate in 
water, Euler and his co-workers (Z. Elektrochem., 1917, 23, 192; 
Z. 'physiol . Ghem., 1924, 440, 113) appear to have tacitly assumed 
that only ions are responsible for salting-out, but it is clear that 
this assumption is not justifiable, McKeown also (J. Amer. Ckem* 
Soc 1922, 44? 1203), in attempting to' assess the salting-^ 
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of sodium- and chlorine-ions, assumes that the salting-out effect 
of undissociated molecules is very small; he finds that when ether 
is salted out with sodium chloride the effect is entirely due to the 
chlorine ions. It should be pointed out, however, that since the 
equations from which this result is obtained are admittedly 
approximate, the conclusion is of little value; almost equally 
good agreement with most of the equations may be obtained by 
using entirely different values from those of McKeown. In the 
case of ethyl acetate, it is clear that both anions and kations have 
definite salting-out power; the kations would be placed in the 
order Li > Na > K > NH 4 > Rb > Cs, and the anions in the order 
Cl>Br>L 

Various authors have attempted to obtain equations which 
connect the solubility of a neutral substance in a salt, or other, 
solution with the concentration of added salt; in general, an 
equation of the type log s = a — Jcc has been found to be most 
satisfactory, where s is the solubility of the neutral substance, 
c the concentration of salt, and a and h are constants (for references, 
see Thorne, he. tit., and Linderstrom-Lang, he. cit.). In the 
present work, it has not been possible to find any one equation 
which will fit all the results up to the highest concentrations of 
added salt; in general, the logarithmic equation was found to 
hold good in the form log w = kmjw + where a and 1c are con¬ 
stants for a given salt, and w and m have the same meaning as 
before, up to concentrations of 2—3 N. For some salts—sodium, 
potassium, and rubidium chlorides—the agreement was very good 
almost up to the saturation point. In those cases in which the 
salt was soluble in ethyl acetate the logarithmic equation was not 
obeyed at all. In the presence of lithium chloride, the solubility 
of ethyl acetate may he expressed by the straight-line equation 
w ~ km a, and a similar equation holds good for the more 
concentrated sugar solutions. The fact that the results will not 
all conform to one simple equation suggests that the salting-out 
effect is due to several different factors, on which, it is hoped, 
tether investigations will throw light. 

Solubility of Ethyl Acetate in Water . 

As the literature is very deficient in measurements of the solu¬ 
bility of ethyl acetate in water at different temperatures, a number 
of deteiminations have been made by the method described above 
for salt solutions, with the following results 

• •• " • "• ■■ • r '"'’'y* • ••• •' . ' • ■ . \ ' ■ ‘ ■ ' 

' ; Grams of E&hyl Acetate dissolved by 100 grams of Water. 

at O^s 8-9G at 10°; 7-39 at 26°; 6-65 at 37°; 6-04 at 50°. 
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The following figures have been obtained by interpolation from a 
graph:— 

7-85 at 20°; 7-06 at 30°; 6-50 at 40°. 

The solubility thus decreases steadily as the temperature is raised 
from 0° to 50°. 

Summary . 

(1) The solubility of ethyl acetate has been determined at 25° 
and 50° in solutions of the chloride, bromide, and iodide of the 
alkali metals and of ammonium, and in solutions of dextrose, 
kevulose, sucrose, and lactose. 

(2) It is shown that hydration of the salt may be one of the 
factors responsible for the salting-out effect; this effect may, 
however, be due to some other fundamental property of salt ions 
or molecules. Molecules, as well as ions, probably have considerable 
salting-out power. 

(3) The solubility of ethyl acetate in salt solutions is best expressed 
by a logarithmic equation, e.g>, log w = bnjw + a\ the application 
of this equation, however, is limited to the more dilute salt solutions. 

(4) The solubility of ethyl acetate in water has been determined 
at 0°, 10°, 25°, 37°, and 50°; the solubility decreases with increasing 
temperature. 

The authors are indebted to the Chemical Society for a grant 
from its Research Fund which defrayed part of the expense of 
this work. Their thanks are also due to Mr. A. L. Stephens, B.Se., 
and Mr. W. R. P,.Hodgson, B.Sc., for valuable assistance. 

University College, Exeter. [Received, August I Ith, 1925.] 


CCCLXIV .—The Preparation of Tertiary Arsines by 
the Friedel-Crafts Reaction . 

By Arthur Frederick Hunt and Eustace Ebenezer Turner. 

The first successful application of the Friedel-Crafts reaction to the 
preparation of tertiary arsines was the conversion of phenylmethyl- 
chloroarsine into diphenylmethylarsine (Burrows and Turner, J., 
1921, 119, 426), If the reaction were generally applicable to the 
preparation of tertiary arsines, cases would arise where it would 
be preferable to syntheses involving the use of the Grignard reagent. 
A few examples have been studied, and it has been found that 
phenylmethylchloroarsine (chosen because of its ready accessibility) 
condenses with mesitylene to give phenylmesitylmethylardne, and 
with toluene and bromobenzene to give mainly the para-compounds* 
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phenyl-p-tolylmeihylarsine and p -bromodiphenylmethylarsine, respect¬ 
ively. Proof of the constitution of the two last-named compounds 
has been obtained by independent syntheses, using the usual 
methods. In other Friedel-Crafts reactions, bromobenzene gives 
mainly para-compounds (Dilthey, J. pr . Chem.> 1926, 109,. 273). 

It appears to be advisable, in the case of Friedel-Crafts reactions 
with arsenic compounds, to use an excess of the non-arsenical com¬ 
ponent, and to remove the hydrogen chloride as fast as it is formed 
by keeping the reaction mixture gently boiling under diminished 
pressure. In the reaction with bromobenzene, a little of the latter 
is converted into 4-bromodiphenyl. 


Experimental. 


Preparation of Phenylmetkylchloroarsine. —The substitution of 
methyl chloride and sulphate for methyl iodide in the methylation 
of phenylarsenious oxide (Burrows and Turner, be. eit.) gave 
unsatisfactory results (yields of phenyhnethylchloroarsine, 56% 
and 65%, respectively). 

Preparation of Phenyl-p-tolylmethylarsine. —(a) From phenyl- 
methylchloroarsine and toluene. To a mixture of 15 g. of phenyl- 
methylchloroarsine and 60 g. of toluene were added 15 g. of powdered 
anhydrous aluminium chloride, and the resulting red solution was 
heated under reflux for 2*5 hours; evolution of hydrogen chloride 
had then almost ceased. The dark-coloured product was poured 
on to a mixture of ice and hydrochloric acid, when a brownish-red 
precipitate and a green, fluorescent oil separated. The oil was 
removed and filtered, washed with sodium hydroxide to remove 
unchanged chloroarsine, dried over anhydrous sodium sulphate, and 
freed from toluene by distillation. The residue, when distilled 
under diminished pressure, gave 8 g. of phenyl-p-iolylmethylarsine 
(see below), an almost colourless liquid, b. p. 164—165°/12 mm. 
(Found: As, 29*1. C 14 H ;L6 As requires As, 29*1%). The arsine 
has an unpleasant fishy odour, and slowly oxidises on keeping, with 
gradual separation of colourless crystals. It combines with methyl 
iodide slowly at the ordinary temperature (2 to 3 weeks), and 


rapidly at 100°, with production of phenyl-p-tolyUimethylarsonium 
iodide* colourless prisms, m. p. 93° (Found; I, 31*7. CijHiglAs 

Phenyl combines readily with ethyl iodide 

at 100° to give the phenyl-jj-tolybnethylethylaraonium iodide 
; XAmaien,- 1902, 321, 160) from phenyl-p- 

tolylethylarsine aod mathyl iodide. The iodide was described by 
MichaeKs as melting a4 J46° or at 150—151° when crystallised from 
gJhjfroV car troagL wateg, respectively. The compound has now 
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been found to melt at 150° when crystallised from alcohol, and at 
158° when crystallised from water. Once it had been crystallised 
from water, recrystaUisation from either solvent did not affect the 
m. p. (168°) (Found : I, 30-6. Calc., I, 30-7%). 

Phenyl-_29-tolylmethylarsine forms with mercuric chloride a white, 
crystalline additive compound, which may be crystallised from glacial 
acetic acid. 

(b) From magnesium p-tolyl iodide and phenylmethylchloroarsine . 
A Grignard reagent made from 24 g. of ^-iodotoluene, 2*6 g. of mag¬ 
nesium, and 100 c.c. of ether was slowly treated with 20*4 g. of 
phenylmethylchloroarsine dissolved in 20 c.c. of ether. When the 
initial reaction was over, the whole was heated under reflux for 
2 hours, and worked up in the usual manner. In this way, 18 g. 
(76% yield) of phenyl-p-tolylmethylarsine were obtained, b. p. 
167°/14 mm. The odour of this sample was less pronounced than 
that of the sample from (a), but both substances otherwise possessed 
similar properties. The arsine from (b) gave the same methiodide 
(m. p. 92°) as that from (a), a mixture of the two methiodides 
melting at 92°. 

Preparation of PhenylmesitylmetJiylarsim. —A mixture of 16 g. of 
phenylmethylchloroarsine and 36 g, of mesitylene, treated with 
15 g. of aluminium chloride, became slightly warm and turned red. 
It was boiled gently under reflux at 75—-80°/45 mm. for some hours; 
when the evolution of hydrogen chloride slackened, the product was 
poured on to a mixture of ice and hydrochloric acid. The resulting 
oil was extracted with benzene, the extract filtered from a reddish- 
brown precipitate, shaken with alkali, and worked up in the normal 
manner; 15 g. of mesitylene and 7 g. of phmylmesitylmethylarsine 
(yield 30%) were obtained. The latter is a colourless, mobile liquid 
having a faint fishy odour, oxidises slowly in the air to give a white, 
crystalline solid, and boils at 164°/17 mm. (Found: As, 26*6. 
C 16 H 19 As requires As, 26*2%). 

The arsine combines readily with methyl iodide at 100° to give 
phenylmesityldimethylarsonium iodide , which is moderately soluble 
in alcohol, and separates from that solvent in colourless prisms, 
m. p. 187° (Found ; I, 29*6. C^B^IAs requires As, 29*7%). 

The arsine combines with benzyl bromide slowly at the ordinary 
temperature, and rapidly at 100° to give phenylmesitylbenzylmethyl- 
arsonium bromide, which crystallises from alcohol, or better, from 
water, in colourless prisms, m. p. 179—180° (Found: Br, 17*7. 
C^HaoBrAs requires Br, 17*5%). 

Preparation of p-Bromodiphenylmethylarsine.—{a>) From : :^^^' : 
rneihyUMoroarsine and bromobenzene. A mixture of,.20-g^'^|OTii 
chloroarsine, 60 g. of bromobenzene, and 20 g. 
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was kept briskly boiling under diminished pressure (bath at about 
35°). After an hour, when the evolution of hydrogen chloride had 
almost ceased, the cooled product was poured on to ice and hydro¬ 
chloric acid, and was worked up in the usual manner. On distil¬ 
lation, 35 g. of bromobenzene were recovered. At 140—160°/15 mm., 
2 g. of 4-bromodiphenyl distilled (white plates, m. p. 81°. Found : 
Br, 33-9. Calc., Br, 34*3%). At 170—200715 mm., 5 g. of 
p~bromodiphenylmethylar$ine (see below) distilled as a colourless 
liquid (Found : As, 23*6. C 13 H 12 BrAs requires As, 23*2%). 

The arsine combined readily with methyl iodide in a closed tube 
at 100° to give a crystalline product which could not be recrystallised 
from the usual solvents. The combination of the arsine with methyl 
iodide in the cold (2 to 3 weeks), however, gave p -bromodiphenyl- 
dimethylarsonium iodide . This was precipitated by absolute ether 
from its solution in absolute alcohol, and formed very pale yellow 
prisms, m. p. 87° (Found: I, 27*0. C 14 H 15 BrIAs requires 1,27*3%). 

The benzobromide of p - br omodipheny Imethy lar sine was obtained 
as a colourless viscid mass which could not be crystallised. 

(b) From p-bromophenylmethyliodoarsine . ^-Bromophenylarsinic 
acid was prepared from ff-bromoaniline in the usual manner, and 
reduced with hydrochloric-hydriodic-sulphurous acid, when 
-p-bromophenyldichloroarsine was obtained. The crude, red dichloro- 
arsine, when treated with sodium carbonate in presence of warm 
water, gave p-bromophenylarseniozis oxide as a sticky yellow solid. 
It was purified by dissolving in alcohol and precipitating with water, 
and then formed white prisms, m. p. 259—261° (Found : As, 30*7. 
C 6 H 4 OBrAs requires As, 30*4%). The oxide may be methylated 
direct, but as some pure dichlor oar sine was required for another 
purpose, the oxide was converted into the latter in the usual maimer. 
p-Bromophenyldichloroarsine was thus obtained as a heavy, orange- 
coloured liquid, boiling at 164°/18 mm., and having physiological 
properties similar to those of phenyldichloroarsine (Found : Cl, 23*5. 
0 e B^Cl 2 BrAs requires Cl, 23*5%). 

The dichloroarsine (30*2 g.) and 16 g. of sodium hydroxide were 
dissolved in a mixture of 200 c.c, of water and 200 c.c. of alcohol, 
16 g. of methyl iodide were added, and the mixture was left for 12 
hours. Concentrated hydrochloric acid (500 c.c.) and a little potas- 
sium iodide were added, and the solution was saturated with sulphur 
dioxide. The dark-coloured oil which separated was dried over 
sodium sulphate, and distilled under diminished pressure, when 25 g. 
(70% yield) ot ip»bromophmylmethyUodoamne were obtained, b. p. 
178—180723 mm. The iodoarsine became solid on cooling, and 
fdrmed jpAte ^ 36*5? (Found: 1,341. C 7 H 7 BrIAs 

^lifaires: I r ■ 34<0%).• • 7 7;- V' ■ 
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A Grignard reagent was prepared from 12 g. of bromobenzene, 
24 g. of magnesium, and 250 e.c. of ether, and a solution of 24 g. 
of the iodoarsine was slowly added, a vigorous reaction occurring. 
The mixture was heated under reflux for 0*5 hour, and decomposed 
in the usual maimer. The ethereal extract was shaken with alkali 
before being dried over sodium sulphate. p-Bromodiphenylmethyl- 
arsine (12 g., 60% yield) was finally obtained, having properties 
similar to those of the product of the Friedel-Crafts reaction. Identity 
of the two products was established through the methiodides, which 
did not depress each other’s m.p. 

During the course of this work, the following compounds were 
prepared incidentally: 

p -Chlorophenyldichloroarsine, a colourless, highly refractive liquid, 
b. p. 277° or at 160°/23 mm. [Found : Cl (attached to arsenic), 
27-5. C 6 H 4 C1 As requires Cl, 27-6%]. p-Chlorophenylarsenious oxide , 
which crystallises from benzene in white needles, m. p. 198° (Found : 
As, 36-4. C 6 H 4 OC1 As requires As, 37*0%). Di-p-chlorophenyl- 
cMoroarsine , a pale yellow solid, m. p. 51° (Found : Cl, 31*8. 
C 12 H 8 Cl 3 As requires Cl, 32*0%). 

Part of the expense of this investigaton was met by a grant from 
the Chemical Society Research Fund, for which the authors express 
their thanks. 

East London College, 

IXniveksity of London. [Received, September 15th, 1925.] 


CCCLXV.— yy'-Dichlorodipropyl Sulphide. 

By George Macdonald Bennett and Alfred Louis Hock. 

The remarkable chemical reactivity of pp'-dichlorodiethyl sulphide 
must be attributed to the influence of the sulphur atom upon the 
two chlorine atoms. A high degree of reactivity is, in fact, generally 
shown by the chlorine atom in compounds of the general formula 
R*S*CH 2 *CH 2 C1, and there is a correspondingly high reactivity in 
the hydroxyl group of the parent compound, R*S<3H 2 *(M 2 *OH 
(compare Bennett, J., 1922, 421, 2140), The isomeric aa'-dichloro- 
diethyl sulphide (Bales and Nickelson, J., 1922, 121, 2137; Mann 
and Pope, J., 1923, 123, 1172) readily yields its chlorine when 
boiled in solution with alcoholic sodium hydroxide; the chlorine 
is therefore in a reactive condition. No data, however, are avail¬ 
able for a quantitative comparison of the properties of chlorine atoms 
situated in the «- and ^-positions. , 

yy'-Dichlorodipropyl sulphide , the first simple 
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having the chlorine atom in the y-positidn, has now been prepared. 
It is decidedly less reactive than pp'-dichlorodiethyl sulphide and 
pg'-dichlorodipropyl sulphide (Coffey, J., 1921, 119, 94; Pope and 
Smith, ibid., 396). It was prepared from yy -dihydroxydipropyl 
sulphide obtained by the action of sodium sulphide on y-chloropropyl 
alcohol, but the replacement of the hydroxyl groups in the dihydroxy- 
sulphide by chlorine was as exceptionally difficult as the analogous 
reaction is surprisingly easy with (3-hydroxy-sulphides. Whereas 
the latter operation is completed in a few minutes by boiling con¬ 
centrated hydrochloric acid (Clarke, J,, 1912, 101, 1683; Coffey, 
loc. cit), replacement of the hydroxyl groups of yy'-dihydroxy- 
dipropyl sulphide did not occur when any of the usual reagents 
such as hydrochloric acid, phosphorus tri- or penta-chloride, or 
phosphorus tri-iodide were employed, and hydrogen chloride at 
160° reacted only slowly to give a poor yield of chloro-compound. 
The hydroxyl groups in this sulphide are therefore less reactive than 
is usual in a primary alcohol. The use of thionyl chloride alone 
gave no better result, but the dichlorodipropyl sulphide was obtained 
easily in good yield when*this reagent was used in presence of 
dimethylaniline (Darzens, Compt. rend., 1911, 152, 1314). 

The difference in character of the p- and the y-chlorine atoms is 
well shown by the action of potassium cyanide in alcoholic solu¬ 
tion upon pp'-dichlorodiethyl and yy - dichlorodipropyl sulphides. 
Whereas Davies has shown that the former is converted into an 
unexpected substance of the formula C 6 H 12 S 2 (CN) 2 (J., 1920, 117, 
298), we find that the latter is smoothly converted into the dinitrile 
of thiodibutyric acid (Gabriel, Ber., 1890, 23, 2493). 

A study of the oxidation of yy'-dichlorodipropyl sulphide showed 
that the sulphur atom in the molecule has unusual properties. 
Although the action of sodium hypobromite, nitric acid, or hydrogen 
peroxide upon the sulphide at laboratory temperature might be 
expected to furnish a sulphoxide, these reagents produced the same 
compound which resulted from oxidation with chromic anhydride 
in boiling glacial acetic acid, namely, the svlphone, 
S0 2 (CH 2 -CH 2 -CH 2 C1) 2 , 

of m. p. 66°, It thus appears to be a property of the sulphide to 
tate Up two atoms of oxygen per molecule instead of one. More¬ 
over, neitto a mdphilimine nor a mercurichloride could be obtained 
from it, and its dibromide, which can be prepared only in the presence 
of a very excess of bromine, is even more unstable than the 
dibromide of AP^idichlc^odiethyl sulphide, so that there seems 
to be a general reluctance to form derivatives involving <juadri* 
valency of the sulphur atond. 

" A comparison of the rates of reaction of ^'-dichlorodiethyl and 
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yy'-dichlorodipropyl sulphides -with sodium hydroxide in ethyl 
alcohol showed that, the course of the two reactions being assumed 
to be similar, the former reacts sixty times as fast as the latter. 
We hope to make a systematic comparison of these and other chloro- 
sulphides when a synthesis of a 3-chloro-sulphide has been com¬ 
pleted. 

Experimental. 

Action of Sodium Sulphide on y-Chloropropyl Alcohol ,—A solution 
of sodium sulphide (95 g. Na 2 S 5 9H 2 0) in an equal weight of water 
was added cautiously in three portions to y-chloropropyl alcohol 
(60 g.), the mixture heated under reflux for 3 hours and then dis¬ 
tilled with steam until the distillate no longer gave a white precipi¬ 
tate with mercuric chloride. The distillate was boiled with an excess 
of yellow mercuric oxide, filtered, concentrated, and cooled; a 
small quantity of the mercaptide of y-hydroxypropyl mercaptan , 
Hg(S-C 3 H 6 -OH) 2 , then separated out. It crystallised from 71-butyl 
alcohol in silvery plates, m. p. 132—134° (Found: Hg, 52*9. 
c e H i 4 ° 2 S 2 H g requires Hg, 52*5%). 

The solution remaining in the distillation flask was made acid 
with hydrochloric acid and concentrated on the steam-bath. The 
bulk- of the sodium chloride was removed by filtration after dilution 
with acetone, the solution dried, and the acetone evaporated. The 
residual viscous oil was heated in a current of dry air at 100° under 
diminished pressure and finally poured off from a little sodium 
chloride which it deposited from solution. 

yy r -Dihydroxydipropyl sulphide, S(C 3 H 6 *OH) 2 , was thus obtained 
as a viscous oil which could not be distilled or induced to crystallise, 
and was not analysed. With phenylearbimide it reacted at once 
to give the hisphenylurethane , S(C 3 H 6 *0*C0*NHPh) 2 , colourless 
needles from benzene, m. p. 146—148° (Found : C, 62*1; H, 6*5. 
OaoHaAlSrS requires C, 61*8; H, 6*2%), 

Action of Thionyl Chloride , Phosphorus Halides , and Hydrogen 
Chloride upon yy-Dihydroxydipropyl Sulphide .—The dihydroxy- 
sulphide was not appreciably affected by heating for 2 hours with 
boiling concentrated hydrochloric acid. The action of thionyl 
chloride, phosphorus tri- or penta-cbloride or phosphorus tri-iodide 
led to the production of non-volatile substances which were pre¬ 
sumably esters of the corresponding hydroxy-acids. For example, 
after the dihydroxy-compound had reacted in presence of dry 
benzene with phosphorus tri-iodide (2/3 mol.), the material recovered 
from the solution could not be distilled under diminished pressure, 
and when kept in a desiccator it slowly hardened to a resinous 
without crystallising, an odour of mustard being simultaneous^ 
.developed.;,' ‘ 

■' vol.. oxxvn. . ' '7 4 : i7;773il 
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The replacement of the hydroxyl groups was first achieved as 
follows : the dihydroxypropyl sulphide was heated at 150—160° 
while a stream of dry hydrogen chloride was passed into it for 2-5 
hours. The product was distilled; a small quantity of an oil, 
b. p. 135—150°/25 mm., was obtained, which consisted of practically 
pure dichlorodipropyl sulphide (yield 17%). 

yy'-Dichlorodipropyl Sulphide. —Thionyl chloride (80 g.) was 
added drop by drop to a well-cooled mixture of yy'-dihydroxy- 
dipropyl sulphide (45 g.) and dimethylaniline (80 g.j, kept below 
60°. The mixture was then heated at 100° for \ hour, poured into 
an excess of dilute hydrochloric acid, the oil extracted with chloro¬ 
form, and the extract washed with water, dried, and distilled. 
yy' -Dichlorodipropyl sulphide , S(C 3 H 6 C1) 2 , was thus obtained as a 
faintly yellow oil of pronounced odour, b. p. 162°/43 mm. (yield 
83%) (Found: C, 38-9; H,6*5; Cl, 38-2; S, 16*7. C 6 H 12 C1 2 S 
requires C, 38*5; H, 6*3; Cl, 37*9; S, 17*15%). The following 
constants were determined: DJ.°° (vac.) = 1*175, n 2 f = 1*5075, 
whence [R L ] a = 47*42 (calc., 47*25). The liquid did not crystal¬ 
lise when cooled to the temperature of liquid air and allowed to 
revert slowly to normal temperature. 

Compound with Platinic Chloride. —This was obtained in 
greenish-yellow plates, m. p. 83*5—85°, by adding platinic chloride 
(0*86 g.) in acetone to the chloro-sulphide (0*46 g.) also dissolved 
in acetone (5 c.c.), the product crystallising in the course of a 
few hours. It had the composition 2S(C 3 H g Cl) 2 ,PtCl 4 (Found: 
Pt, 27*7. C^H^ClgSPt requires Pt, 27*4%). 

An unstable dibromide, S(C 3 H 6 Cl) 2 Br 2 , was obtained from the 
chloro-sulphide (0*94 g.) with bromine (4 g.) in carbon tetrachloride 
(6 c.c.). The crystals were quickly filtered off, washed with a little 
of the pure solvent, dried on porous tile, and analysed at once, since 
the substance decomposed completely when kept over-night (Found : 
Br, 57*7. C 6 H 12 CI 2 Br 2 S requires Br, 59*8%). 

Repeated attempts to prepare a sulphilimine led only to the 
isolation of toluene-p-sulphonamide, m. p. 137° (Found: C, 48*8; 
H, 5*3. Calc., C, 49*1; H, 5*3%). 

Action of Methyl Iodide .—When the chloro-sulphide was mixed 
with methyl iodide (5 mols.), crystals appeared in the liquid within 
| hour, of m. p. 179—181°, but a sufficient quantity for analysis 
could not be collected. If left in the liquid, the crystals soon 
redissolved and a viscous oil separated. This oil was almost entirely 
soluble in water, but the solution deposited an oil again on evapor¬ 
ation and dfesomaMpn of the sulphonium^ compound evidently took 

by evaporating the excess of methyl iodide from the original mixture 
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could not be induced to solidify, but it readily combined with 
mercuric iodide to produce a solid which crystallised from acetone- 
chloroform in yellow needles (the chloro-sulphide itself is quite 
indifferent to mercuric iodide). After three recrystallisations, the 
substance had m. p. 84—88° and analysis showed it to be di- 
chlorodipropylmethylsulphonium mercuri-iodide , (C 3 H 6 Cl) 2 SMeI,HgI 2 
(Found : Hg, 27*1; AgCl 4- Agl, 123-7. C 7 H 15 Cl 2 l 3 SHg requires 
Hg, 25*65; AgCl + Agl, 126-5%). This compound was evidently 
not quite pure, but further purification was not possible, since dis¬ 
sociation of the substance occurred in solution, an odour of the 
original chloro-sulphide being always developed during recrystal¬ 
lisation. 

Action of Oxidising Agents .—The chloro-sulphide was shaken with 
an ice-cold solution of sodium hypobromite (1-8 mols.), the mixture 
heated at 50° for 5 minutes, and finally cooled in ice; the oil obtained 
solidified to a mass of crystals, which were recrystallised from 
benzene-light petroleum. This substance was yy -dichlorodipropyl- 
sulphone , (C 3 H 6 C1) 2 S0 2 , m. p. 65—66° (Found : 0, 32-7; H, 5-6; 
Q, 32-4. C 6 H 12 0 2 01 2 S requires C, 32-9; H, 5-5; Cl, 32*4%). It is 
appreciably soluble in water and readily soluble in most organic 
solvents with the exception of light petroleum. In view of the 
unexpected nature of this product the analyses were repeated—with 
similar results. The substance was also produced when the chloro- 
sulphide was (i) dropped into a mixture of fuming (2 vols.) and con¬ 
centrated (1 vol.) nitric acid cooled in a freezing mixture; (ii) 
dissolved (0*94 g.) in glacial acetic acid (2 c.c.), mixed with hydrogen 
peroxide (0-7 g. in 2 c.c. of 60% acetic acid) slowly with cooling, and 
kept at laboratory temperature for 48 hours; and (iii) heated for 
2 hours in boiling glacial acetic acid with chromic anhydride (twice 
the calculated amount to produce a sulphone). 

yy'-Diphenoxydipropyl Sulphide (PhOC 3 H 6 ) 2 S.—The chloro- 
sulphide (1*2 g.) was heated at 180° for 2 hours with phenol (6 g.) 
and sodium ethoxide (from 0-3 g. of sodium),. The mixture was 
made acid and distilled with steam. The residual oil solidified when 
washed with a little aqueous alkali, and was then recrystallised from 
methyl alcohol; m. p. 45° (Found :/ O, 71-35; H, 7*4. C 18 H 22 0 2 S 
requires G, 71-35; H, 7*3%). 

yy-Di-p4olyloxydipropyl sulphide , prepared in a similar way from 
p-cresol, had m. p. 50—52° (Found : C, 72*9; H, 7*9. C 20 H 26 O 2 S 
requires G, 72*7; H, 7*9%). , 

Action of Piperidine on the Chloro-sulphide.—When a mixture of 
the chloro-sulphide with piperidine (8 mols.) was kept for 24 ; 

crystals of piperidine hydrochloride separated out. The miStee 
was made alkaline and distilled with steam. The reside ^ 
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was removed in ether, the extract dried and evaporated, when 
yy'-dipiperidinodipropyl sulphide , (C 6 H 10 N*C 3 H c ) 2 S> was left as an 
oil which did not crystallise. It readily yielded a picrate , which 
crystallised from methyl alcohol in yellow needles, m. p. 199—200° 
(Found: C, 45*3; H, 6-8. C 28 H 3 8 0 14 N 8 S requires C, 45-3; H, 5*2%). 

Action of Potassium Cyanide .—The chloro-sulphide (1*87 g.) was 
heated in boiling ethyl alcohol for 9 hours with potassium cyanide 
(2 g. = 3 mols.). The alcohol was evaporated, water added, the 
precipitated oil removed in ether, and the ether evaporated. The 
crude dinitrile thus obtained was at once hydrolysed by boiling with 
concentrated hydrochloric acid (15 c.c.) for 2 hours. The cold 
diluted solution was extracted several times with ether, and the 
extract on evaporation left a solid (0-8 g.) which was crystallised 
once from a little water and once from benzene-light petroleum. 
This substance was thiodibutyric acid, of m. p. 99—101° (Gabriel, 
loc. cit 9 and Davies, J., 1920,117, 297) (Found: by titration, equiv., 
105. Calc., 103-1). 

Action of Potassium Sulphide . —The chloro-sulphide (4*0 g.) 
was heated for 3 hours with a boiling ethyl-alcoholic solution of 
freshly prepared potassium sulphide (from 4*8 g. of potassium 
hydroxide); the mixture was then distilled with steam. The 
residual oil, which solidified on cooling, crystallised from carbon 
disulphide-light petroleum as a white powder melting indefinitely 
between 50° and 70°. Repeated crystallisation failed to separate 
any substance of sharp melting point. This material, although 
evidently not a pure chemical individual, had approximately the 
composition of a polymeride of hexamethyhne disulphide (Found: 
0, 48*0; H, 8-4; M, cryoscopic in camphor, 1400, 1740. C 6 H 12 S 2 
requires C, 48*65; H, 8-1%; M, 148). It closely resembles the 
“polymeric ” diethylene disulphide which results from the action 
of alkali sulphides upon ethylene dibromide or dichlorodiethyl 
sulphide, and both are probably mixtures of substances having a 
long open-chain structure (compare Bennett -and Whincop, J., 
1921, 119, 1861; Staudinger, Helv. Chim . Acta, 1925, 8, 67). 

Comparison with Dichlorodiethyl Sulphide with respect to Speed 
of Reaction with Alcoholic Sodium Hydroxide ,—A solution of diehloro- 
diethyl sulphide in ethyl alcohol (10 c.c.; 0*23 mol. per litre) was 
added to boiling alcoholic sodium hydroxide (25 c.c.; 0-5U5N), and 
the mixture boiled under reflux. It was found by titration that 
after 5 minutes the reaction had completed itself to the extent 
of 71-5%. An approximately equivalent solution of yy'-diohloro- 
dipropyl sulphide (10 c.c.; 0-25 mol. per litre) was mixed with the 
mm volume ofthesame solution and boiled for 5 hours; the 
had then completed itself to the extent of 71*7%. 
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The University, Sheffield. [ Received , September 1st, 1925.] 


CCCLXVL —Researches on Sulphuryl Chloride. Part 
IV. Further Studies on a New Chlorinating Agent. 
Preparation of Polychloro-derivatives of Toluene. 

By Oswald Silberrad. 


In previous communications (J., 1921, 119, 2029; 1922, 121, 
1015) it was shown that anhydrous aluminium chloride and sulphuryl 
Chloride interact to form aluminium chlorosulphoxide, A1C1 3 !S0 2 ; 
and that in the presence of sulphur, aluminium sulphur chloride, 
A1C1 3 !SC1*SC1IA1C1 3 , is produced : further, that towards sulphuryl 
chloride both these compounds act as potent catalysts, the latter 
being quite the most convenient chlorinating agent at our disposal, 
and also one of the most powerful. 

It is with the object of extending our knowledge of this 
reagent, hitherto restricted to its action on benzene (be. tit), 
that the present research on the chlorination of toluene was 
undertaken. 

The only earlier work that has any bearing on this subject is 
that of Witte (Pharm. Bee., New York, Dec. 16, 1889), Tohl and 
Eberhard (Ber ti 1893, 26, 2943), and Boeseken (Bee. trav. chim., 
1911, 30, 381). These experimenters all investigated the action 
of sulphuryl chloride on toluene in the presence of aluminium chloride 
under conditions conducive to the Priedel-Crafts reaction and 
obtained mixtures composed of o- and <p-toluenesulphonyl chlorides 
as the chief ingredients, together with lesser amounts of o- and 
^-chlorotoluenes, ditolylsulphone (T. & E.}, and o- and ^-toluene- 
sulphonic acids (B.). 

If, however, sulphuryl chloride containing about 1% of sulphur 


chloride be run into a mixture of toluene and anhydrous ahiminium - 
chloride previously heated at about 70°, aluminium sulphur chloride 
is instantaneously formed and chlorination takes place as 
as the mixture is added, an almost theoretical yield of : 
tri-, or penta-chlorotoluene being produced with equal ea^|| 
rapidity by simply adjusting the relative proportions 
carbon and reagent. Progressive chlorination 
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ance "with the following scheme, indeed the isomerides therein 
depicted are produced almost to the exclusion of all others : 
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The nature and proportions of the various isomerides produced 
differ sufficiently from those hitherto obtained by direct chlorination 
to render it necessary to refer briefly to each stage of the chlorination. 

Moncchlorotolueries .—The ratio of the para-compound to the 
ortho in the product is slightly higher than that in the case of 
chlorination in presence of an aluminium-mercury couple (Cohen 
and Dakin, J., 1891, 79, 1119) but lower than that obtained by the 
electrolysis of a mixture of toluene and hydrochloric acid (Cohen, 
Dawson, and Crossland, J., 1905, 87, 1035). 

Dichlorotoluene .—Here the 2 : 4-isomeride is produced almost in 
a state of chemical purity. This is surprising, for the only chloro- 
toluene higher than the mono-derivative hitherto produced by the 
action of sulphuryl chloride on toluene is the 3 : 4-isomeride, which 
Tohl and Eberhardt obtained in small quantity by heating a mixture 
of these substances in a sealed tube at 160° {Ber., 1893, 26, 2942). 
All other means of preparing dichlorotoluene by direct chlorination 
of the hydrocarbon give rise to complex mixtures of the following 
isomerides—3:4- (Beilstein and Kuhlberg, Annalen, 1868, 146, 
319), 2 : 6- (Axonheim and Dietrich, JSer., 1875, 8, 1402), 2 :4- and 
2: 3- (Seelig, Annalen , 1887, 237, 157), 2 : 5- (Wynne, P., 1901, 
17,116); compare also Cohen and Dakin (J., 1901, 79,1119), who, 
by working with o- and ^-chlorotoluene separately, showed that 
the product obtained by chlorinating toluene in the presence of an 
aluminium-mercury couple contained all these isomerides with the 
possible exception of 2 : 5-dichlorotoluene. 

TmMorotoluenes ,—As was to be expected from the nature of 
the diohtorination product, the addition of the required quantity of 
the new* reagent to toluene leads to the formation of practically 
nothing but the 2:4: 5- and 2 : 3 :4-trichloro-derivatives, indeed 
they are so free from other isomerides that these two compounds 
can be easily sejmrated, and in this respect the product compares 
veay favourably with that obtained by any of the known processes 
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of chlorinating toluene, which lead to mixtures of 2 : 3 :4-, 2 :4 : 6-, 
2:3:6-, and 2:4: 5-trichlorotoluenes (Limpricht, Annalen, 1866, 
139, 303; Beilstein and Kuhlberg, Aronheim and Dietrich, Seelig, 
loc. tit., Cohen and Dakin, J., 1902, 81, 1324). 

Tetrachlorotoluenes. —In this instance some doubt appears to exist 
as to precisely what isomerides are formed by direct chlorination. 
Limpricht (loc. tit., p. 327) obtained a tetrachlorotoluene melting 
at 96° (the 2:3:4: 5-isomeride melts at 98-1°). On the other 
hand, working with antimony pentachloride, Beilstein and Kuhlberg 
(Annalen, 1869,150, 287) isolated a compound the m. p. of which 
(91—92°) agreed more closely with that of the 2:3:4 : 6-isomeride 
(91-5—92°). Again, Cohen and Dakin (J., 1904, 85, 1283), who 
subsequently investigated this subject by further chlorinating the 
trichloro-compounds in presence of an aluminium-mercury couple, 
obtained from the 2:3: 4-isomeride a product, melting at 89—91° 
and giving a nitro-derivative, m. p. 149°, which they concluded to 
be 2 : 3 : 4 : 6-tetrachlorotoluene (m. p. 91-5—92°; nitro-derivative, 
m. p. 153°); and from 2:4: 5-trichlorotoluene, a product melting 
at 86—88° which they took to be the 2:3:4: 5-derivative. The 
same experimenters, however, subsequently showed that this 
particular isomeride melts at 97—98° (J., 1906, 89 , 1453), so there 
still remains some doubt as to its formation. The results obtained 
with the new chlorinating agent appear to confirm this , and Iim- 
pricht’s observation that the isomeride (the 2:3:4:5-) is the 
principal one obtained by introducing four chlorine atoms into 
toluene. The method cannot, however, be recommended for the 
preparation of any of the tetrachlorotoluenes, for not only are the 
isomerides formed in such proportions that there is considerable 
difficulty in separating them, but also the triohlorotoluenes show 
a great tendency to pass directly to the pentachloro-derivative 
under the influence of the reagent, behaving in this respect in a 
manner analogous to that observed in the preparation of penta- 
chlorobenzene (Silberrad, J., 1922, 121, 1020). ' In this connexion 
it is to be observed that both these compounds are penta-substituted 
derivatives of benzene. 

Pentachlorotoluene. —Unlike other powerful chlorinating agents, 
which lead to products contaminated with hexachlorobenzene 
(Beilstein and Kuhlberg, Annalm, 1869, 150, 898; Bichter and 
Glantzstein, Ber., 1916, 49, 2473), the new reagent does not attack 
the side chain at all; this is neither substituted nor split off. Pewfa* 
chlorotoluene, which is formed with the utmost ease, is the ^id- 
product of the reaction; the yield is nearly theoretical 
product practically pure. ' 
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Expeeimental. 

The preparation of the reagent and the general procedure adopted 
were similar to those previously described (J., 1922, 121, 1018). 
The apparatus consisted of a suitable-sized flask fitted with and 
ground to a 6-bulb reflux condenser,* the upper portion of which 
was connected through a trap to a flask containing 10 litres of water 
to absorb the sulphur dioxide and hydrogen chloride which are 
copiously evolved during the reaction. The required quantity of 
the reagent (i.e., sulphuxyl chloride containing 1% of sulphur 
chloride) was run into toluene mixed with,anhydrous aluminium 
chloride, the apparatus being immersed in a water-bath previously 
heated to about 70°. Chlorination took place at the rate at which 
the reagent was run in. The actual time occupied was approxim¬ 
ately J hour per chlorine atom introduced; thus, trichlorotoluene 
was obtained after hours, and the pentachloro-derivative after 
2\ hours. This period may be much shortened if desired. 

2- and ^-GMorotoluenes .—On adding the chlorinating agent 
(280 g. = 2|% excess) to a mixture of toluene (184 g.) and anhydrous 
aluminium chloride (10 g.) under the conditions described above, a 
vigorous reaction took place at once; the product was at first 
brilliant purple, but rapidly became ruddy-brown. After washing 
with hot water, 247 g. of an oil were obtained which distilled almost 
wholly between 153—165°/758 mm., yielding 222 g. in one instance 
and 227 g. in another (88% of the theoretical). The nature and 
proportions of the isomerides present were determined by oxidising 
50 g. of the product with permanganate; 21 g. of p- (m. p. 236°) 
and 16 g. of o-ehlorobenzoic acid (m. p. 137°) were obtained; no 
meta-acid could be detected. 

2; 4c~Dickloroioluene .—The chlorinating agent (560 g.) was run 
into a mixture of toluene (184 g.) and anhydrous aluminium chloride 
(10 g.) as above described, and the reaction completed by heating 
at 100° for a few minutes, the total time occupied being 1 hour. 
The deep brown reaction product yielded 240 g. of a heavy oil 
when boiled with water, and 220 g. of almost pure 2 :4-dichloro- 
toluena on subsequent fractionation. 

Prepamiion of 2 :4-dichloro-3 : S-dinitrotolueTie. In order to 
identic itj the above oil (100 g.) was run into a mixture of nitric 
add (200 ojc. ; 4 1*48) and sulphuric acid (400 e,c.; d 1*84) at 60°; 
the reaction mixture was then heated at 105° for § hour. Qn 
pouring the product into water, an oil separated which, on cooling, 
set to a pale y^low, crystalline mass: this, filtered off from the 

* A very convenient form of apparatus for the purpose ig obtamable from 
MeOBm. Ufcwnson and Mercer, Ltd., 34 Camomile St., E.C. 
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adherent oil, washed with cold alcohol, and recrystallised from the 
same solvent, yielded 94 g. of pure 2 : 4-diehloro-3 : 5-dinitrotoluene, 
m. p. 104-3° (corr.) (Cohen and Dakin give 104°, and Seelig 102°) 
(Found: a, 28-3%). 

Preparation of 2 : 4-dichloro-3 : 5-dinitrobenzoic acid . The oily 
residue from which the above product had separated was boiled 
(20 g.) with nitric acid (200 c.c.*, d 1-42) and mercuric nitrate 
(2 g.) for 120 hours. On cooling, 11 g. of 2 :4-dichloro-3: 5- 
dinitrobenzoic acid (m. p. 210—211°. Found: Cl, 25-22%) 
crystallised; no other isomeride could be detected. 

It must therefore be concluded that on chlorinating toluene as 
above described the product consists of almost pure 2 :4-diehloro- 
toluene. 

2:4:5- and 2:3: 4 -Trichlorotoluenes. —Into a mixture of toluene 
(184 g.) and anhydrous aluminium chloride . (10 g.) at 70°, the 
chlorinating agent (840 g.) was run during 1£ hours. On boiling 
the dark vandyke-brown reaction mass with water, and fraction¬ 
ating, the oily product (324 g.) passed over between 215° and 245°; 
this slowly set to a crystalline mass consisting of almost equal parts 
of 2:4:5- and 2:3: 4-tricHorotoluenes (yield 83%). 

Isolation and identification of 2:4: 5-trichlorotoluene. The crystal¬ 
line mass was freed from oil, washed with cold alcohol, and recrystal¬ 
lised from the same solvent, whereby 151 g. of pure 2:4: 5-trichloro¬ 
toluene separated as glistening needles or leaflets, m, p. 82-4° 
(corr.) (Found: Cl, 54*3%). From this, 2:4:5-trichloro-3:6- 
dinitrotoluene, m. p. 227°, was prepared. 

Isolation and identification of 2 : 3 : 4:-trichlorotoluene. The residual 
oil and mother-liquors from which the 2:4: 5-isomeride had been 
separated yielded, on fractionation, 158 g. of an oil, b. p. 225—239°, 
together with 17 g. of a lower fraction which consisted chiefly of 
diehlorotoluene. On standing, the main fraction set to a wax-like 
mass; this was mascerated with 300 c.c. of cold alcohol. The 
residue, 7-2 g., consisted chiefly of the 2:4: 5-isomeride and melted 
after several recrystallisations at 81—82°. Water was added to 
the alcoholic extract until a permanent opalescence appeared, just 
sufficient alcohol added to redissolve this at 20°, and the solution 
kept at 0° for Beveral days; the wax-like, crystalline solid which was 
obtained (74 g.), on recrystallisation from alcohol, melted at 41° 
and proved to be 2 : 3 : 4-trichlorotoluene (Found : 0, 54*4%), 
The yield of the pure substance was 56 g. 

Preparation of 2 : 3: 4:4richloro-5: 6-dinitrotoluene. On adding 
water to the mother-liquors from which 2:3:4-trichlorotoluene had 
crystallised an oil (70 g.) was precipitated which, on nitration as 
described in the preparation of 2 :4-diehloro-3 :5-dinitrotoluene, 
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yielded 64 g. of 2:3: 4-trichloro-5 : 6-dinitrotoluene, m. p. 141° 
(Found : Cl, 44*2%). No derivatives of other isomerides could be 
isolated. The above results therefore correspond to a yield of 
40% of 2 : 4 : 5-trichlorotoluene and 34% of the 2:3:4-isomeride. 

2:3:4: 5-Tetrachloroioluene .—The direct preparation of this 
compound from toluene is not to be recommended, because on 
treating toluene (184 g.) with sufficient of the chlorinating agent 
(1120 g.) to produce tiie tetrachloro-derivative as above described, 
besides trichlorotoluene (104 g,} and pentachlorotoluene (130 g,), 
a mixture of isomeric tetrachlorotoluenes (87 g.) is obtained, the 
separation of which presents the greatest difficulty. The trichloro¬ 
toluene so produced consists chiefly of the 2:3:4-isomeride, from 
which it would appear that when a mixture of'2:3:4- and 
2 :4 :5-trichlorotoluenes is subjected to the action of the new 
chlorinating agent the 2:4:5-isomeride is converted into the 
pentachloro-derivative before the 2:3: 4-compound is attacked 
to any appreciable extent. An experiment with a mixture of these 
isomerides confirmed this conjecture, whilst a further experiment 
with pure 2 : 3 :4-trichlorotoluene led to a result similar to that 
above described where toluene was the initial material. Pure 
2:4: 5-trichlorotoluene was therefore used for the preparation of 
the tetrachloro-derivative : to this end, this compound (98 g.) was 
mixed with anhydrous aluminium chloride (5 g.), the surrounding 
water-bath raised to incipient ebullition until the trieffioro-compound 
had completely melted, and the chlorinating agent (70 gv) was then 
run in. On cooling, the product set to a dark brown, scaly mass. 
.This was boiled with 100 e.c. of toluene and 50 c.c. of water, the 
toluene solution separated, and mixed with an equal volume of 
alcohol; the bulk of the pentachlorotoluene present (12 g.) slowly 
crystallised in long, glistening needles. 

The mother-liquor, which contained the whole of the tetrachloro- 
toluene, was freed from solvent and fractionally distilled. The first 
fraction, b. p. 230° ± 15° (II g.}, consisted chiefly of unaltered 
2:4:5-tricMorotoluene. 

The second fraction, b. p. 273° ± 15° (49 g.), was again treated 
as above described for the removal of pentachlorotoluene, and a 
further 2 g. were thus removed; the mixed solvent was then 
distilled off and the residue ground up with 25 c.c. of cold absolute 
alcohol; tins treatment, repeated twice, the alcoholic extract being 
filtered off each tame, yielded 4 g. of 2 :4:5-trichlorotoluene. The 
/.solid residue (40 consisted chiefly of 2 : 3 :4: 5-tetrachloro- 
toluene, and after eleven recrystallisations from a series of solvents 
petroleum^benzei^; alcohol; and dilute alcohol) was 
in long, flexible 3 silky needles, closely resembling asbestos 
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in appearance, melting at 98-1° (corr.) and giving 2:3:4: 5-tetra- 
chloro-6-nitrotoluene, m. p. 159-6° (corr,), on nitration under con¬ 
ditions similar to those described above in the preparation of 
2 : 4-dichloro-3 : 5-dinitrotoluene. 

Identification of 2 : 3 : 4 : 6-tetrachlorotoluene and preparation of 
2:3:4: 6-tetrachloro-5-nitrotoluene. The compounds present in the 
mother-liquors from which the 2:3:4: 5-isomeride had separated 
were bulked, freed from solvent, redissolved in alcohol, and roughly 
separated into three fractions by precipitation. Each fraction was 
nitrated as described above, and the nitro-products were fractionally 
crystallised from alcohol of varying degrees of dilution. Worked 
up in this manner, the first and second fractions only yielded 
products having constant melting points; that from the former 
melted at 159° and was evidently 2:3:4: 5-tetracHoro-6-nitro- 
toluene, and that from the latter melted at 154° and appeared 
to be 2:4:5:6-tetrachloro-3-nitrotoluene (Found: Cl, 51*1. 
GyHgOgJSfCl* requires Cl, 51*6%). It seems probable, therefore, 
that the compound, m. p. 153°, obtained by Cohen and Dakin as 
the final product of nitrating 2:3:4: 6-tetrachlorotoluene (J., 
1904, 85, 1231) was the true nitro-derivative and that the substance 
melting at 131—134° which they took to be 2 : 3 : 4 : 5-tetrachloro- 
3-nitrotoluene owed its low melting point to the presence of the 
unnitrated compound ; indeed, as these investigators point* out, 
their analysis shows the presence of a considerable quantity (about 
10%) of this impurity. The true melting point of 2 :4 : 5 : 6-tetra- 
chloro-3-nitrotoluene therefore appears to be 154°. Unfortunately, 
the quantity obtained by this most tedious process was too small 
to admit of a more complete identification. 

Pentachloroioluene. —Toluene (184 g.) mixed with aluminium 
chloride (10 g.) was treated with the chlorinating agent (1632 g. — 
20% excess) as above described, the reaction being completed by 
heating in the boiling water-bath for J hour. During the chlorination 
the reacting mixture became successively a brilliant purple liquid, 
a red-brown liquid, a dark brown, scaly mass, an almost white, 
crystalline lump. On boiling the product with 3 litres of benzene 
and 100 c.c. of water, separating the benzene solution, and allowing 
it to cool, the pentachloro-compound (380 g.) crystallised in almost 
colourless needles which, on recrystallisation, melted at 217-5° 
(uncorr.) (Found: Cl, 67*1%). Pentaehlorotoluene is soluble in 
3‘4 vols. of toluene at 87° and in 22 vols. at 17°. 

Action of the Chlorinating Agent mi Pentaehlorotoluene. —A mixture 
of pentaehlorotoluene (100 g.), anhydrous aluminium chloride 
(10 g.), and the chlorinating agent (200 g.) was heated on the water- 
bath for 8 hours. On recrystallising the product from benzene,? 

' .4 n* 2 
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$8 g. of pentachlorotoluene, m. p. 2X7°, were recovered, whilst the 
residue, which was almost insoluble in benzene, after recrystallis¬ 
ation from chlorobenzene, melted at 272—274° and appeared to be 
a condensation product, possibly nonochlorophenvltolylmethane, 
C 6 Cl 5 *CbL 2 *C 6 Cl 4 -CH 3j produced by the condensation of penta- 
ehlorotoluene (2 mols.) under the influence of anhydrous aluminium 
chloride (Found : Cl, 64*4. C 14 H 5 C1 9 requires Cl, 65*0%). 

PentacJilorobenzoic acid .—Owing to the great similarity existing 
between hexachlorobenzene and pentachlorotoluene, and the very 
slight influence the addition of the former has on the melting point 
of the latter, the purity of the pentachlorotoluene recovered as 
above described was further established by oxidising 20 g. with 
nitric acid (200 c.c.; d 1*42) and mercury (2 g.), by boiling the 
mixture until solution was complete (150 hours). On pouring the 
acid liquor into water, a white, crystalline precipitate separated; 
this redissolved completely in ammonia and proved to be practically 
pure pentachlorobenzoic acid, m. p. 199*5° (Found: Cl, 59*6. 
Calc., Cl, 60*2%). The acid is very soluble in toluene or alcohol. 
It has the extraordinary property of separating from the latter 
solution as an oil on dilution, in spite of its high melting point. It 
is best crystallised from toluene-light petroleum, from which it 
separates in large, truncated prisms. . ■ 

My thanks are due to Messrs. A. Boake Roberts and Co. Ltd., 
of Stratford, for supplying the sulphuryl chloride required for this 
investigation. 

The Selberrad Research Laboratories, 

Ruckhtjrst Hn.ii, Essex. [Received, September 11th, 1925.] 


■CCCLXyiL —Reduction Products of the Hydroxyanthra' 
quinones * Part VII. 

By WntiLiAM Bertram Miller and Arthur George Perkin. 


A comparison of the formulas of the hydroxyanthrones obtained 
during the reduction of 1-hydroxyanthraquinone and of 1:2- 
dihy<hroxyanthraquinone (alizarin) is of interest because, whereas 
the former (I) contains the hydroxyl adjacent to the carbonyl group, 
in file latter (II) the hydroxyls are in the 3 ; 4-positiorus thereto. 
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As is well known, the hydroyxl group adjacent to the carbonyl 
group in hydroxy-ketones differs in properties from those present 
in other positions, and to explain this, it is assumed to be involved 
with the carbonyl to form an ortho-quinonoid, or a six-membered, 
chelate grouping (Sidgwick and Callow, J., 1924, 125, 527), or that 
in any case some form of attraction exists between the two. If 
the reduction of the hydroxyanthraquinones follows the scheme 
applicable to anthraquinone itself, 

•/CO^ / C(OH) n ^ ^CHCOH)^ / C0 \ 

| b c 

NX)/ X3(OH) / ' \)H(OH)/ X CH a / 

it is reasonable to assume that owing to the attraction of the 
a-hydroxyl for carbonyl, in the change from b to c, these will take 
up adjacent positions, as, indeed, occurs with the 1-hydroxyanthrone 
(I) derived from 1-hydroxyanthraquinone. For a similar reason, 
it is to be expected that, as the a-hydroxyl is present in alizarin also, 
this on reduction will yield the 1:2-dihydroxyanthrone, whereas 
as a matter of fact the 3 : 4-dihydroxy-compound is produced (II). 
To account for this, it seems likely that in this case the attraction 
of the a-hydroxyl for the carbonyl is either non-existent, or is 
suppressed by the greater attraction of the P-hydroxyl for the para- 
position thereto, and thus in the change from (6) to (c) the 3 :4- 
dihydroxy-compound results. In support of this is the fact that 
2-hydroxyanthraquinone when reduced gives 3-hydroxyanthrone 
(V), and therefore there is reason to presume that in these cases the 
p-hydroxyl is the determining factor, or that, in other words, a 
para-quinonoid structure is preferred even when a- and p-hydroxyls 
are simultaneously present. It was interesting, therefore, to study 
the behaviour of alizarin 2-methyl ether * in these circumstances, 
for owing to the etherification of the 2-hydroxyl group this compound 
more closely resembles in general properties l-hydroxy&nthraquinone 
than alizarin itself and it was to be anticipated that 1-hydroxy-2- 
methoxyanthrone (IV) would result. With stannous chloride and 
hydrochloric acid as reducing agent, this is the case, although in 

* According to Graebe and Thode (Anncden, 1906, 349, 207), alizarin 
dimethyl ether reduced with zinc dust and ammonia gives 3 :4-dimethos^- 
antbrone, together with a second compound, probably 1; 2-d»Usthoiy- 
anthracene. 
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addition to this compound, which is the main product, a small 
amount of 4-hycboxy-3 -metkoxy anthrone (deoxyalizarin mono¬ 
methyl ether; IH) is produced, accompanied by much viscid matter. 
In order to determine the constitution of these compounds, recourse 
was had to the benzanthrone reaction, followed by a study of the 
behaviour of each product when methylated, by means of methyl 
iodide and alkali. From the pale yellow anthrone (III) in this 
manner, benzalizarin methyl ether (VI) was obtained, and in proof 
of this an identical compound was prepared from benzalizarin 
itself (J., 1920, 117, 702). 




On the other hand, the orange-coloured anthrone (IV) gave, 
although in small amount, a compound to which formula (VII) has 
been assigned, demethylation having occurred during the reaction; 
it has not* been ascertained, however, whether the hydroxyls occupy 
the 3:4- or 5:6-positions. Whereas it was previously shown 
(Hoc. tit.) that both hydroxyls of benzalizarin are readily methylated 
with methyl iodide and alkali, with the compound (VII), for which 
the name isobenzalizarin is suggested, this is not the case, as under 
drastic treatment with these reagents only a monomethyl ether is 
produced. Evidently, therefore, a hydroxyl is here present adjacent 
to the carbonyl group, and this view is supported by the fact that, 
whereas mcmoacetylisobenzcdizarin is readily obtained, the diacetyl 
compound can be prepared therefrom only by prolonged digestion 
with boiling acetic anhydride and pyridine. 

Benzalizarin and isobenzalizarin differ widely in their dyeing 
properties with mordants, for whereas the former gives shades 
analogous to those of alizarin itself (be. cit .), the latter dyes yellow 
and is scarcely a strong colouring matter. This is of interest, 
because it is generally assumed that the tinctorial properties of the 
hydroxyanthraquinone dyestuffs, as, e.g., alizarin, are due at least 
inp&rttoan ortho-quinonoid or some similar arrangement in which 
the 1-hydroxy- and the adjacent carbonyl group are involved. In 
such a sense, however, benzalizarin must be regarded as a para- 
quinonoM, and isobenzalizarin as an ortho-quinonoid dyestuff, and 
this suggests that the dyeing properties of alizarin,* which resemble 




* A para^uiaoiiokl stroetroe vsb suggested by one of us for the mono- 
slkaU satts of the hydroxyamthiaqnmoii^ {J„ 1899, 75, 433). 


THE HYDEOXYANTHEAQUESTOETES. PAET VII. 26 

may be due to the presence of a para-quinonoid rather than to s 
ortho-quinonoid grouping. 

If a survey be made of the phenolic mordant dyestuffs, and mo 
especially of those in which adjacent hydroxyl groups are presei 
it will be observed that for most of them a para-quinonoid arrang 
ment only is possible; of the very numerous instances which c* 
be given, fisetin (VIII) and the dihydroxybenzylidenecoumarano: 
{IX; Friedlander and Rudt, Ber., 1896, 29, 878), both powerf 
dyestuffs, may be cited. 


0 OH 0 OH 



(vm.) CO (ix.) (X.) 


On the other hand, whereas other colouring matters of tl 
adjective class, as, for instance, gallacetophenone (X) and t 
hydroxyanthraquinones, may be considered to dye by virtue 
either an ortho- or para-quinonoid grouping, there is, with t 
exception of such feeble dyes as euxanthone, which do not conta 
adjacent hydroxyls, an almost complete lack of colouring matte 
to which an ortho-quinonoid grouping only can be applied. 

Experiments are in progress with the hope of obtaining, in additi 
to isobenzalizarin, dyes which come under the latter category.. 

A preliminary study of the behaviour of anthrapurpurin 2 ; 7-< 
methyl ether on reduction has at present resulted in the isolation, 
small yield, of but one anthrone, which is probably the 4-hydrox 
3 : 6-dimethoxy-compound. Much viscid matter is simultaneous 
produced. 

Experimental, 

Alizarin 2-Methyl Ether .—To a boiling solution of commerc 
alizarin paste (160 g.) in 10% sodium hydroxide solution (526 c.< 
methyl sulphate (110 c.c.) was gradually added, and the mixti 
was repeatedly treated with sodium hydroxide solution (50 e. 
and the equivalent quantity of methyl sulphate.* The prodt 
was collected, stirred with sodium carbonate solution to remo 
alizarin, the crude methyl ether (30 g.) dissolved in benzene a 
precipitated therefrom as potassium salt by alcoholic potassii 
hydroxide; some alizarin dimethyl ether remained in solution. T 
potassium salt was decomposed with acid, and the alizarin 2-xnetl 
ether thus obtained was recrystallised from benzene until the melti 
point, 229-230°, was constant (Found: C, 70-8; H, 4*05%). 
addition to the alizarin dimethyl ether, m. p. 214-215°, a seqo 

♦ A modification of the method of Graebe and Thode {lop. dt.). In i 
875 c.c. of canstic soda solution and 195 c.c. of methyl sulphate were employ 
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dimethyl ether of identical appearance but melting at 169-171° 
could be isolated from the final mother-liquor if the crude alizarin 
2-methyl ether was crystallised from benzene. This was evidently 
a methylalizarin dimethyl ether derived from 2-methylalizarin 
present in the dyestuff employed, in that it could not be produced 
by the further methylation either of alizarin 2-methyl ether or of 
alizarin dimethyl ether with methyl sulphate and alkali. 

Reduction. A mixture of alizarin 2-methyl ether (10 g.), stannous 
chloride (100 g.), and 33% hydrochloric acid (500 c.c.) was boiled 
for 1J hours. The crystals, without apparent solution, were con¬ 
verted into a brown tar which, on cooling, solidified to a hard, 
brittle mass, some yellow crystals^imultaneously separating from 
the acid liquid. The ground product was dissolved in about 100 c.c. 
of alcohol, and the crystals which separated on cooling were collected 
(yield 6 g.). The dark-coloured mother-liquor on evaporation 
yielded an orange-brown resin, from which nothing definite could be 
isolated. The crystals when extracted with a little boiling benzene 
gave a pale yellow residue (A) in small amount, whereas from the 
extract orange-red needles (B) separated on cooling. 

(A) , crystallised from much benzene with the aid of animal 
charcoal, gave pale yellow needles, which were recrystallised from 
aleohoT (Found: C, 75-1; H, 5*1; CH 3 , 6*1. C 15 H 12 0 3 requires 
C, 75*0; H, 5*0; CH 3 , 6*25%). ^-Hydroxy-S-methoxyaTrihrone, 
m. p. 202°, yields an acetyl compound, which crystallises in lemon- 
yellow needles, m. p. 185—186°, and is oxidised by chromic acid in 
acetic acid solution to acetylalizarin 2-methyl ether. 

(B) crystallised from alcohol, in which it was less soluble than A, 

in orange-red needles, m. p. 135—137° (Found: C, 74*9; H, 5*0; 
GHg, 6*2. C 15 H 12 0 3 requires C, 75*0; H, 5*0; CH 3 , 6*25%). 

I -Eydroxy-2-methoxyanthrone is thus obtained in much larger 
amount than its isomeride. Like this, on oxidation it yields alizarin 
2-methyl ether. The diacetyl derivative crystallises from alcohol- 

acid in yellow plates, m. p. 202° (Found: O, 70*3; H, 4*9; 
36*7. C 19 H 16 0 5 requiresC, 70-4; H,4*9; C 2 H 4 0 2 ,37-0%). 

JBenzalizatin Monomethyl Ether. —A mixture of 4-hydroxy-3- 
(4 g.), sulphuric acid (47 c.c.), water (23 c.c.), 
•• 9^ '(?' g,); was gradually heated at 125—130°, being well 

stizred, and kept for 1 hour. The solution when cold was 
poured inta the green precipitate collected, washed, dried, 

filteied, washed ■wift ■watei, evaporated to dryness, and the pale 
■' obtained which, after re- 
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crystallisation from alcohol-acetic acid, gave 0*4 g. of pale yellow 
needles, m. p. 205—207° (Found: C, 75*3; H, 4*15; CH 3 , 4*85. 
C 20 H,A requires C, 75*4; H. 4*4; 0H 3 ,4-7%). 

This compound, which is acetylbenzalizarin methyl ether , when 
hydrolysed with hydrochloric acid in presence of acetic acid gave 
86*13% of benzalizarin monomethyl ether, whereas theory requires 
86*8%. T^he latter is thus obtained as long, orange needles, m. p. 
247—249°, sparingly soluble in caustic soda solution and in alcohol, 
soluble in sulphuric acid with a violet-red coloration (Found: 
0, 78*0; H, 4*55. C 1B K- 12 0 z requires C, 78*3; H, 4*3%). 

Sulphuric acid, in presence of acetic acid, gives the oxonium 
sulphate, as long, hair-like, maroon-coloured needles. 

The product from the Zeisel determination of the acetyl compound 
was poured into bisulphite solution. The crystals produced had 
all the properties of benzalizarin and yielded an acetyl compound, 
the melting point of which, 202—204°, was slightly higher than 
that previously given (loc. cit). 

Benzalizarin monomethyl ether was also obtained by the partial 
methylation of benzalizarin itself. Acetylbenzalizarin (0*95 g.) in 
boiling methyl alcohol (20 c.c.) and methyl iodide (8 c.c.) was 
gradually treated with caustic potash (0*35 g.) in methyl alcohol. 
The crystalline substance produced (0*64 g.}, m. p. 247—249° after 
recrystallisation, was identical with the benzalizarin methyl ether 
described above. A small amount of benzalizarin dimethyl ether 
was present in the original mother-liquer. 

iso Benzalizarin. —A mixture of I-hydroxy-2-methoxyanthrone 
(substance B) (4 g.), sulphuric acid (47 c.c.), water (2*5 c.c.), and 
glycerol was heated at 120—130° for 1 hour. The solution was poured 
into water, the precipitate collected, dried, and the colouring 
matter present isolated by means of the alcohol and ether treatment 
described under benzalizarin methyl ether. The orange-red powder 
thus obtained (1*4 g.) was washed with acetone to remove resin, 
and after recrystallisation from the same solvent gave 0*6 g. of 
orange-yellow needles. These by treatment with boiling acetic 
anhydride and pyridine for a few seconds gave a crystalline deposit 
of the acetyl compound, which crystallised from much acetone in 
bright orange-yellow, flat needles (0*3 g.); * m. p. 243—245° (Found : 
0, 74*85; H, 4*35. C 19 H^Q 4 requires C, 75*0; H, 3*9%). 

This compound, is very sparingly 

soluble in acetone or alcohol. It contains no methoxy-group and 

♦ This small yield of isobenzalizarin was evidently due to the l-liydrosy- 
2-methoxyanthrone suffering alteration on heating with sulphuric arid. An 
amorphous product was thus produced which was soluble in causticsoda 
with a reddish-brown tint, and in cold acetone with a red colour. 
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when hydrolysed gives 86*6% of isobenzalizarin, theory requiring 
86-2%. This crystallised from nitrobenzene in orange needles, 
m, p. 260—262° (Bound: C, 77*8; H, 3*9. C 17 H 10 O 3 requires 
C, 77*9; H, 3-8%). 

isoBenzalizarin gives with sulphuric acid a green, fluorescent, 
orange-red liquid and with boiling dilute alkalis, orange-yellow 
solutions with which baryta water yields orange-red precipitates. 
By digesting the monoacetyl derivative with boiling alcoholic 
potassium acetate, orange needles of a potassium salt are deposited. 
It is unaltered by long boiling with hydriodie acid. ^soBenzalizarin 
is somewhat resistant to full acetylation, but by a long digestion 
with acetic anhydride and pyridine a diacetyl derivative is obtained 
which crystallises from acetic anhydride in yellow needles, m. p. 
214°(Found ; G,73*3; H,4*0. C 21 H 14 0 5 requires C,72-8; H,4*0%). 

isoBenzalizarin Monomethyl Ether .—A mixture of wbenzalizann 
(0*3 g.), methyl alcohol (20 c.c.), and methyl iodide (8 c.c.) was boiled 
during 8 hours, caustic potash (0*2 g.) * in methyl alcohol being 
gradually added. The crystals produced were washed with hot 
dilute hydrochloric acid to decompose a potassium salt present and 
crystallised from much alcohol, giving deep yellow needles (0*186 g.), 
m. p. 196—198° (Bound : 0, 78*2; H, 4*15; CH 3 , 5-17. C 18 H 12 0 3 
requires 0, 78*3; H, 4*3; CH 3 , 5*4%). 

The mother-liquor contained a small amount of the same com¬ 
pound, but the presence of a more highly methylated product could 
not be detected. * 

By prolonged digestion with acetic anhydride and pyridine the 
trace of isobenzalizarin methyl ether available gave an acetyl 
compound which crystallised in yellow needles, m. p. about 178— 
180°. 


iseBenzalizarin dyes mordanted woollen cloth shades which are 
very distinct from those given by benzalizarin. 


Chromium. Aluminium. 
wtBenzaEzarin. Brownish- Greenish- 

yellow. yellow. 

BenasaHzarin. Brownish- Dull reddish- 

maroon. orange. 


Tin. Iron. 

Pale Brown, 

yellow. 

Bright Brownish- 

orange. black. 


Dimethyl Ether .—Triaeetylanthrapuipurin (5 g.) 
was methylated as in the preparation of alizarin 2-methyl ether 
{vide mpra) y &I c.c. of methyl sulphate and 185 c.c. of caustic soda 
solution feeing used in all. After removal of the anthrapurpurin 
present* and crystallisation from benzene, the 
dimetk^r eBm was obtamed in orange-red needles, m. p. 234—235° 

the quantity required for the production of a 
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(Found : C, 67-9; > E, 4-2; CH 3 , 10*4. C 16 H 1( >0 5 requires G, 67*6; 
H, 4-2; CH 3 ,10-6%). 

The acetyl compound forms yellow needles, m. p. 204—205°. 

Anthrapurpurinanthranol Dimethyl Ether ,—A mixture of anthra- 
purpurin dimethyl ether (5 g.), stannous chloride (50 g.), and 30% 
hydrochloric acid (250 c.c.), boiled for 1J hours, yielded a black, 
granular mass, which was collected, washed with dilute hydrochloric 
acid, and dried. The product dissolved in alcohol was poured into 
ether, the precipitated amorphous impurity removed, the clear 
liquid evaporated, and the sandy residue washed with acetone until 
colourless. This on digestion with acetic anhydride and pyridine 
yielded diacetylanthrapurpurinanthranol dimethyl ether , which 
crystallised from alcohol-acetic acid in colourless needles, m. p. 
178° (Found: C, 69*6; H, 5*0. C 20 H 18 O 6 requires C, 67*8; H, 
5*1%). 

The authors are much indebted to the British Alizarine Go. Ltd. 
for the alizarin and anthrapurpurin used in this investigation. 

The UmvERSTTY, Leeds. [Received, August 15th, 1925.] 


CCCLXVIIL —Studies with the Microbalance. Part II. 
The Photochemical Decomposition of Silver Chloride * 

By Ernest Johannes Hartung. 

The investigation of the action of light on silver chloride by gravi¬ 
metric methods has not hitherto given very definite results. It is 
well known that the halide loses chlorine and diminishes in weight 
when insolated, but the changes are usually insignificant and afford 
little evidence as to the nature of the products of the action. Baker 
(J., 1892, 61, 728) tried to analyse the dark photochloride produced 
when 51 g. of silver chloride were insolated with repeated shaking, 
but only 14 mg. of chlorine were evolved after considerable exposure 
to light, Richardson (J., 1891, 59, 536) found 8% of the total 
halogen to be freed when 26 g. of silver chloride under water were 
insolated, but Koch and Schrader (Z. Phy&iJc, 1921, 6, 127), using 
extremely small amounts of the dry substance, could not detect 
greater changes in weight than 1 or 2%. A preliminary test carried 
out by the author with the microbalance (J., 1922,121,688) showed 
that a very thin film of the halide weighing 0*0880 mg. lost 81% of 
its total chlorine when insolated for 12 days in a vacuum. This line 
of attack was therefore promising, and the results of an extended 
investigation are now given. The Steele-Grant microbaJanee 
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employed carried a load of 105 mg. and was sensitive to 2 x 10~ 5 
mg.; it was used in ideal conditions in a roomy cellar and had been 
thoroughly tested for 2 years. The weighings with this instrument 
are recorded to the nearest 10" 4 mg. and they are thoroughly trust¬ 
worthy to this degree of precision, for small discrepancies, in every 
case where they were noted, could be traced to the inevitable errors 
of manipulation and were never due to inaccuracy of the balance. 
The general plan of the work was similar to that used for the case 
of silver bromide (J., 1924,125,2198); very thin films of the chloride 
on vitreous silica sheets were sealed up in glass vessels containing 
suitable chlorine absorbents and insolated for definite periods. 
The films were then weighed again and finally tested in various ways. 
Some experiments have also been made on the rate of chlorination 
of thin films of silver, and of the product of insolation of silver 
chloride. 

Preparation of Films of Pure Silver Chloride .—Films of pure silver 


on vitreous silica were made by chemical deposition and subsequent 
ignition at 400° as already described (loc. cit.). These films were 
then chlorinated by exposure to dilute chlorine, which was made in 
the usual way from manganese dioxide and hydrochloric acid, 
followed by washing with water and drying with concentrated 
sulphuric acid. The rate of chlorination was comparatively slow 
unless the gas was dilute and the weight of the resulting silver 
chloride usually agreed closely with that calculated from the weight 
of silver taken. The maximum divergence was 1 part in 240 parts 
and the average was 1 part in 1400 parts. These results are dis¬ 
tinctly less consistent than those obtained previously with silver 
bromide, where the maximum divergence was 1 part in 1000 parts 
and the average, 1 part in 2400 parts. Indeed, the whole process of 
formation of silver exhibited peculiarities which have not been 
observed in bromination. For example, a certain optimum concen¬ 
tration of chlorine in mixtures with air was found, at which addition 
o| tike halogen to silver occurred most easily, and the speed of chlorina- 
tion ra^udly diminished as the chlorine concentration became greater 
than this optimum. Also, chlorine which was made from bleaching 
powder and dilute sulphuric acid gave chlorinated films in which the 
adisd haJogea was from 3.to 4% in excess of that required to form 
The excess could be removed by cautious heating 
ai 2Q0° a39d oould be prevented by igniting the chlorine before use. 


air which 




oxygen compound as the cause, which supposi- 
i by finding that mixtures of chlorine and moist 
;i^' % a ; tende35cy to give slightly 
that intermittent chlorinaiaon 
igbresuThese effects were not noticed 
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in the bromination of silver; in any ease, the discrepancies are small, 
but their reality was established by repeated tests. 

Photochemical Decomposition of Silver Chloride .—The glass 
apparatus in which the films were sealed up and insolated was 
essentially similar to that used for silver bromide, and has already 
been described. The technique adopted was similar also, but great 
care was required to prevent contamination of the film, by flame 
gases during the sealing, for silver chloride seemed to be more 
sensitive in this respect than the bromide. With proper precautions, 
however, the operation could be performed without appreciable 
change in weight of the film. Before exhaustion, the glass vessel 
was filled with air, nitrogen or hydrogen which had been carefully 
purified, dried and filtered before admission. The final pressure in 
the apparatus was usually either 10 mm. or 0-001 mm., but, as 
heating of the glass during exhaustion was inadmissible, the latter 
pressure especially was not maintained over the whole period of 
insolation, owing to the liberation of adsorbed gas from the glass. 
For this reason, the term “ residual ” is used in Table I to describe 
the conditions when the pressure of the experimental gas in the 
apparatus was 0*001 mm. at the time of sealing ofi from the pump. 
Copper was used as chlorine absorbent, but if insolation were per¬ 
formed with hydrogen present in other than residual amount, solid 
sodium hydroxide was substituted. Insolation was performed on 
the roof of the laboratory and, as the colour, opacity, and reflecting 
power of the films varied steadily, no estimate of the amount of 
radiant energy absorbed was possible. Nevertheless, the times of 
exposure in days afford an approximate measure of the relative 
amounts of energy received in each case. The pearly white films 
always darkened rapidly to dull purple or slate, which passed slowly 
to purple-brown; after several days, this had faded to very pale 
greyish-yellow and no further change was visible. Meanwhile, the 
copper in the side tube, which was shielded by an opaque cover, 
became heavily tarnished at the nearer end and subsequent analysis 
showed always the presence of chlorine on it. After a definite period 
of exposure, filtered air, nitrogen, or hydrogen was slowly admitted, 
and the film removed and weighed. The subsequent treatment 
varied; some of the exposed fil m s were rechlorinated either in one 
or in several progressive operations, whilst others were used in 
attempts to discover the nature of the products of the photochemical 
decomposition. 

A summary of the experimental results is shown in Table JCj 
weights being given in milligrams. ] 

Comparison of the results in the presence of air, nitrogen, a&ff 
hydrogen discloses a striking resemblance between them, and it is 
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* Chlorination in steps. 


evident that oxygen is not necessary for the photochemical decom¬ 
position of silver chloride. The experiments with air in the apparatus 
exhibit plainly the diminution in the speed of decomposition as the 
gas pressure rises, due to the adverse effect of adsorbed gas films. 
For nitrogen, the data are insufficient to warrant conclusions being 
drawn, and for hydrogen, the gas pressure appears to exert little 
influence on the change. This behaviour is not surprising, for 
hydrogen acts as a sensitiser in virtue of its power of combi n in g 
with chlorine under the influence of light. As in the case of the 
bromide, the figures indicate that the products of the photochemical 
decomposition of silver chloride are silver and halogen, although the 
final few unite % of the latter are held tenaciously in the film. 
There is ftp evidence of the formation of any sub-chloride. 

On reohlorinating the product of insolation, colour changes were 
mmilar to those seen on insolation, but in the reverse 
oardeir. Eventually, the films regained their original pearly white¬ 
ness and were then usually rather heavier than in the former un- 

Laviour was always most marked when 
ace in steps, with interruptions for the 

__ 5 believed to be due to slight oxidation 

the acffi^pft ol the halogen but not at other times. It was 
«MQKi3er extent when pure silver was chlorinated pro- 


condition. This beh 
id taken pi 
m and it is 
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gressively. Hence it is probable that the figures given in Table I 
for the percentage of chlorine lost on insolation are not appreciably 
affected by oxidation due to exposure to air before weighing. 
Chemical analysis of the insolated material would be decisive but, 
with less than 0*5 mg. available in each case, no accurate procedure 
has yet been devised. Two simple methods were tried and neither 
proved to be quite satisfactory. In the first method, the film was 
treated with aqueous sodium thiosulphate to dissolve any unchanged 
silver chloride, but in spite of the greatest care insoluble particles 
became detached when the solution touched the film and a quanti¬ 
tative estimation was impossible. Much of the residue remained 
adherent to the silica, however, and chlorination tests proved it to 
be practically pure silver. In the second method, the insolated film 
was exposed to the vapour of purified iodine at room temperature 
(partial pressure 0*3 mm.) in the hope that the free silver presumably 
present would be attacked by the iodine to form silver iodide, the 
amount of which could be measured by the increase in weight. In 
principle, this is obviously a more rigorous means of testing the 
nature of the insolated film than by chlorinating it. Unfortunately, 
however, silver chloride itself was shown to be attacked by iodine 
vapour, although the complete conversion into silver iodide of even 
very thin films of the chloride took several days. When insolated 
silver chloride was exposed to the iodine vapour, the film rapidly 
darkened and then steadily changed to the pale yellow colour of 
silver iodide in about 15 minutes. The first stage of the action was 
now taken to be complete and the film was weighed. Table II 
summarises the results, weights being given in milligrams. 

Table II. 

Wt. of original Wt. of insolated Wt. after Wt. calculated for 
film. film. xodination. mixed Agl and AgCl. 

0*2326 0*1863 0*3646 0*3520 

0*2417 0*1852 0*3808 0*3874 

0*2809 0*2219 0*4338 , 0*4331 

0*2937 . 0*2375 0*4469 0*4386 

The weight of the iodinated film in each case is greater than that 
calculated on the assumption that the insolated material is a 
* mixture of silver and unchanged silver chloride, of which only the 
former is attacked by the iodine. In two instances, the discrepancy 
is less than 1%, and, on the whole, the results are favourable to the 
hypothesis mentioned, for further iodination caused steady increase 
in weight in each case until, after some days, all the chlorine had. 
been displaced by iodine* The method is therefore not thoroughly 
sound, for the initial stages in the displacement of the citeih© 
proceed appreciably in a very few minutes and may, of coosg^&ir 
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more rapid with previously insolated fil m s than with pure silver 
chloride. 

Rate of Chlorination of Silver Films .—Further evidence as to the 
nature of insolated silver chloride was obtained by comparing the 
rates of addition of chlorine to pure silver and to the insolated films 
under the same conditions. The apparatus and methods of ex¬ 
periment were essentially analogous to those used in the bromination 
of silver (J., 1924,125,2204), and have already been described. The 
tests were carried out in a thermostat at 25° (regulated to 0T°) with 
mixtures of chlorine and air in various proportions in the chlorinat¬ 
ing vessel. The concentration of the halogen was estimated by 
absorption in sodium hydroxide and titration in the usual way with 


Eig. 1. 



10 20 30 40 50 

Time of exposure in minutes . 


sodium thiosulphate. In every case, the total area of the film was 
. aud.the, average thickness 0*00015 mm. 

These results are shown graphically in Fig. 1, where the chlorine 
absorbed by the film, as percentage of that necessary to form pure 
silver chloride in each case, is plotted against total time of chlorina- 
tkak in minutes. The broken lines indicate rechlorination of previ¬ 
ously insolated silver chloride films and the numbers denote chlorine 
ecpoeniarations in the gas phase in mg.-atoms per litre. The curves 
are continuous and show no irregularities which might point to the 
transient formation of sub-chlorides in the film. Also the remarkable 
fact k disdosed that the speed of chlorination of pure silver rapidly 
ffimiififthe s as ^ eoncenfeataon of the halogen in the surroundmg 
medium increases* This efect was not noticed in the bromination 
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of silver (loc. cit.}, but much smaller halogen concentrations were then 
employed, owing to the very rapid attack of the silver films by 
bromine vapour. It is evident that an optimum concentration must 
exist at which chlorine attacks silver most readily. The precise 
value of this concentration has not been measured, and it is hoped to 
investigate the whole action thoroughly in the near future. For 
the present purpose, it was sufficient to show that isolated silver 
chloride films exhibited the same behaviour as silver itself when 
exposed to chlorine. That this is so will be evident from an in¬ 
spection of the broken curves in Fig. 1; the existence of the optimum 
in this case also has been established by repeated tests, and furnishes 
strong evidence that silver is present in the insolated material. It 
cannot be there in the same form as ordinary metallic silver, 
however, for the optimum chlorine concentration for the product of 
insolation is much greater than that for the metal itself, whilst the 
whole rate of chlorination is comparatively very much slower for 
small concentrations of the halogen. In this respect, chlorine stands 
in marked contrast to bromine and iodine, both of which, even in 
small concentration, attack the product of insolation of silver 
chloride very rapidly. 

The work described in this paper does not contradict the conclusions 
of Baker (J., 1892, 61, 728) that perfectly dry silver chloride is 
unaffected by light and that perfectly dry chlorine will not attack 
silver. Owing to the danger of injuring the photosensitive films, 
it was not possible to bake out the glass exposing vessels, and the 
presence of phosphorus pentoxide has been found to be most objec¬ 
tionable because of the fine dust which arises from it with changes of 
pressure. Also, in the chlorination experiments, the halogen was 
u dried 55 with concentrated sulphuric acid only and little alteration 
in the results was noted when moist chlorine was substituted for it. 


Summary . 


1. The photochemical decomposition of silver chloride in air, 
nitrogen and hydrogen has been investigated by means of the 
microbalance. 

2. The maximum percentage loss of the total chlorine in thin 
films of silver chloride when insolated was found to be: in air 
91*1%, in nitrogen 89-9%, and in hydrogen 94*8%. 

3. Evidence is adduced to prove that the photochemical decom¬ 


position products of silver chloride are silver and chlorine, and that 
oxygen is not necessary for the action. 

4, The rates of chlorination of silver and of previously insolated 
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chlorination is most rapid and above which the speed of reaction 
rapidly diminishes with increasing chlorine concentration. 

5. No evidence of the formation of silver sub-chlorides has been 
found. 

UmvEBSiry or Melbourne. [Received, June 24 th, 1925.] 


CCCLXIX .—Absorption Spectra and Lactam-Lactim 

Tautomerism. 


By Richard Adah Morton and Edward Rogers. 

It was assumed by the earlier workers in absorption spectra that 
compounds of similar constitution would show similar absorption 


Fig. 1 . Fig. 2. 



CarbotiyrU. - -Ether. - o-Hydroxycarbanil. 

.... O-Ether. - -Ether. - - O-Ether. 


curves. Accordingly, in order to decide between alternative 
structures of a substance it was only neeessary to compare its 
absolution spectrum with those of two derivatives of known 
constitution; if the general shape of its absorption curve was 
similar to that of a derivative, the two substances had analogous 
structures. In the hands of Hartley and Dobbie (J., 1899, 75, 640) 
this method of interpreting absorption spectra led to conclusions 
in the case of lactam-lactim isomerides which are very generally 
quoted as estab&hing the value of absorption spectra in organic 


chemistry. 


workers examined isatin, carbostyril, and 
with their O- and A'-ethers; in each 


of the lactam ether* 
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An examination of the published curves shows that the frequencies 
of maxi m um absorption are nearly the same for lactam and lactim 
isomerides in all three cases. It is agreed by all present-day workers 
in the field of absorption spectra that the wave-lengths of maximum 
absorption are of great importance in the interpretation of data. 
Certain authorities, notably Baly and Henri, attach fundamental 
importance to these frequencies as a basis for the interpretation of 
absorption spectra in terms of the quantum theory. 

Accordingly, the fact that the shape of curves is not regarded as 
a trustworthy guide to interpretation, coupled with the decided 
advantages enjoyed by present-day workers over the pioneers in 
respect of technique, made it seem worth while to repeat the work 
of Hartley and Dobbie. 

I satinf was found by Hartley and Dobbie to show two bands. 
Hicks (this vol., p. 774) found four bands. At the time when Hicks 3 
paper appeared the present work had been completed and only three 
bands had been found. Subsequent search has not disclosed the 
fourth band. The three bands are at 4130A., e (max.) 625; 2950A., 
e (max.) 3,900; 2430A., e (max.) 26,000 (for graph, see Hicks, 
he. cit p. 771). 

. \f/-Methylisaiin (N-& ther), like the parent substance, shows three 
bands at 2465A., 3000A., and 4195A. The curve follows that of 
isatin very closely. 

Methyliscdin (O-ether), examined as soon as possible after 
preparation in the pure state, shows three bands at 2447A., 2965A., 
4140A. The curve again follows closely that of isatin. 

5-Iodoisatin exists in two forms, red and yellow. The red form 
in alcohol shows two bands, 2500 and 4250A., with an inflexion 
near 3030A., the extinctions being 25,000, 510, and 2000 (ca.) 9 
respectively. In glacial acetic acid, the band at 4245A. was 
observed for the red form and an inflexion near 3000A., but on 
account of absorption by the acetic acid the band at 2500A. could 
not be observed. In a fresh solution of the yellow form there is 
little selective absorption, but after some time the bands due to the 
red form appear. Hicks records another band for iodoisatm in the 
extreme ultra-violet. In neither isatin nor iodoisatin can we 
confirm the fourth band. 

A revision of the work of Hartley and Dobbie proves disappointing, 
for the curves are so much alike as to preclude the possibility of 
deciding questions of structure from them. The absorption spectra 
of the isomerides are nearly identical. 

Carbostyril shows two bands at 2690A. and 3270A., e (max.) 
7000 and 6750, respectively. The -methyl ether has bands at 
2705A, and 3280A., e (max.) 6600 and 6000, respectively, The 
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curves are almost identical, in agreement with, the work of Hartley 
and.Dobbie. 

The O-methyl and O-ethyl ethers are almost identical as regards 
absorption, but are quite different from either the iV-ether or the 
parent substance : O-Methyl ether : 3222 and 3085A., e (max.) at 
4600 and 3700, respectively; 0-ethyl ether: 3226 and 308SJL, 
e (max.) at 4500 and 3700, respectively. 

Both O-ethers show a pronounced inflexion near 2650A. The 
analogous band in the parent substance and the JV-ether has thus 
^ almost disappeared. The 

_ results confirm the conelu- 
2400 2600 2S00 . m v 

sions of Hartley and Dobbxe, 

f but the experimental basis 

is different, since the curve 
for the O-ether is different 
400 from that of these authors. 

f ; o-Hydroxycarbanil shows 

/ \ one band with its head at 

~ i ~~T 27361., e (max.) 6150. 

t x - r The N -ether shows one 

300 * * -Xl band at 2738A., e (max.) 

,, j " 5600, and the O-ether one 

^ * J at 2735A., e (max.) 4700. 

The curves are not very 
different from those of 
200 Hartley and Dobbie. The 

only difference observed 
between these substances 
was in respect of the persist¬ 
ence of the bands. 

lOO_Revision of the work 

- PfdoToglutinol. - Trimthyl ether, leads to the conclusion that 

the curves do not warrant 
any claim to disc rimina te between the alternative structures for 

PMoroglvcinct eZso has been examined, together with its trimethyl 
ether. ■ , 

Phloroglucinol shows the following results : 


a max. Solvent. A max. e max. 

Alcohol -.. 380 Aqueous acetic acid 2660 A 375 

■ : Akohol -with sodium 

Glacial ......... 251$ 15,200 
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Phloroglueinol trimethyl ether shows one band at 2646A., e (max.) 
465. 

The results are therefore in harmony with the accepted hydroxy- 
structure of phloroglueinol. 

Conclusions . 

In the cases of isatin and o-hydroxycarbanil the work of Hartley 
and Dobbie is unsatisfactory. Revision shows that absorption 
spectra do not provide any very obvious means of deciding the 
structure. 

In the cases of phloroglueinol and earbostyril repetition of the 
work does not controvert the conclusions of these authors. 

It may be asserted that, in general, conclusions based on the 
shape of absorption curves need careful examination before reliance 
can be placed on them. 

Absorption spectra measurements should be interpreted by 
quantitative considerations concerning frequencies of maximum 
absorption. The present work will be discussed from this point 
of view at a later date. 

We wish to express our gratitude to Professor E. C. C. Baly, P.R.S., 
for the interest he has taken in the work. One of us (E. R.) is 
indebted to the Department of Scientific and Industrial Research 
for a maintenance grant. 

The University, Liverpool. [Received, July 9th, 1925.] 


CCCLXX .—Trypanocidal Action and Chemical Con¬ 
stitution, Part III, Arsinic Acids Containing 
the Qlyoxaline Nucleus. 

By Isidore Elkanah Balaban and Harold King. 

In Part I of this series (J., 1924, 125, 2595} it was shown that the 
three isomeric monoaminobenzoyl derivatives of 4-aminophenyl- 
arsinie acid showed some trypanocidal activity when tested on 
experimental trypanosomiasis in mice, but were not permanently 
curative. In Part II {this vol., p, 2632), it was shown that per¬ 
manent curative properties appeared when a methoxy-group was 
present in the para-position in the benzoyl group in the mono- 
aminoarsinic acids, or when there were two amino-groups present, 
one ill each nucleus. It was therefore thought of interest to prepare 
glyoxalimA^ov add (I) and ita 
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3-amVio-derivative (II), both of which would resemble in build and 
amphoteric character the amides mentioned above. It was hoped 


NH« 


As 0 3 H 2 /^J)NH-C0-9==CH AsOgHa/^^NH-CO-C^CH 


(I-) 


N NH 

V' 

CH 


<n.) 


N NH 

V' 

CH 


that the presence of the glyoxaline nucleus would lead to a more 
favourable—as regards the trypanocidal action—distribution of the 
amides in the tissues, especially as the glyoxaline nucleus is con¬ 
tained in or associated with certain substances of remarkable 
physiological activity such as histamine, insulin, and the pituitary 
active principles. Both these arsinic acids have been prepared, 
the first by application of the Bart-Schmidt reaction to glyoxaline - 
4(or 5) -carboxy-p-aminoanilide and the second by nitration and 
subsequent reduction of the parent arsinic acid. 

The maximum dose tolerated by mice and the minimum curative 
dose on an experimental infection of Trypanosoma equiperdum in 
mice, expressed in milligrams per gram of mouse, of these two 
glyoxaline arsinic acids as compared with 3' -aminobenzoyl- and 
3: S'-diaminobenxoyl-^-aminophenylarsinic acids is shown below. 



I. 

n. 

3'-NH a . 

3 :3'-diNHj. 

Dosis tolerata .. 

1*25 

30 

0*6 

>3*5 

Dosis curativa .. 

..... 0-8 

1*5 

0*3 

2*0 


(r = 7) 


r signifying the number of days the blood stream remains free 
from parasites. It will be observed that gIyoxaline-4/(or 5')- 
carboxy-p-aminophenylarsinic acid (I), unlike 3'-aminobenzoyl-^- 
aminophenylarsixuc acid, has permanent curative properties and 
the enhanced curative properties of 3 : 3'-diaminobenzoyl-ff-am in o- 
phenylarsinic acid are surpassed in 3-ammoglyoxaliae-4 / (or 5')- 
earboxy-^-aminophenylarsinic acid (II). 

Gclyoxaline-4 , ‘(or 5')-carboxy-o-aminophenylarsimc acid, isomeric 
with the above described para-derivative, cannot be prepared by 
the application of the Bart-Schmidt reaction to glyoxaline~4:(oT 5)- 
wrboxy-o-cminoanilide, because treatment with nitrous acid gives 
rise to & crystalline diazoimide (III). In the same way the amino- 
arsinic acid (II) gives rise to the crystalline diazoimide (IV). 



(G = glyoxalinyl) 
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Neither of these substances couples with alkaline p-naphthol; 
their constitution follows from the exact analogy of their formation 
with Bossneck’s 4-acetyl-3 :4-tolylenediazoimide, the constitution 
of which was elucidated by Morgan and Micklethwait (J., 1913, 
103, 1394). The diazoimide (III) is of especial interest, because 
its formation will serve to detect nitrous acid as a crystalline 
derivative at a dilution of 1 in 6400. 

In the above derivatives the glyoxaline nucleus is joined to the 
phenyl nucleus by an amide link. The researches of Pyman and 
his associates have rendered available five isomeric nitrophenyl- 
glyoxalines, without an intermediate chain of atoms. These have 
now been reduced to the corresponding amino-derivatives and 
submitted to the Bart-Schmidt process for introducing the arsinic 
acid group. 2-m -Aminophenylglyoxaline and 2-p -aminophenyl- 
glyoxaline (V) so prepared give no recognisable trace of arsinic 
acids under a variety of experimental conditions. 


~\ ^NH-CH 


nh 2 <_> 


This result may be paralleled with Schmidt’s inability (Annalen f 
1920, 421, 168) to replace the amino-group in ff-aminodiphenyl (VI) 
by the arsinic acid group, although o-aminodiphenyl gives a 60% 
yield of the arsinic acid by the same reaction (Aeschlimann, Lees, 
Mcdeland, and Nicklin, this vol., p. 68). This difficulty in the 
case of substances containing the glyoxaline nucleus is clearly due 
to the fact that the most favourable conditions for carrying out 
the Bart-Schmidt reaction-—neutrality or weak alkalinity—are 
precisely those which lead to coupling, internal or otherwise, of 
the glyoxaline nucleus present with the diazotised base. This is 
plainly shown, in several of the cases tried, by the concomitant 
separation of insoluble, highly coloured, amorphous, presumably 
azo-compounds. 

The marked change of physical properties associated with 
JV-methylation of glyoxalines led to the preparation of 2-p-nitro- 
phenyl- 1 -methylglyoxaline with a view to its reduction and sub¬ 
sequent treatment by the Bart-Schmidt reaction. The poor yield 
of monomethylated product, however, led us to abandon the 
scheme. Another avenue of approach suggested itself in the prior 
methylation of 2-phenylglyoxaline followed by nitration, reduction 
and indirect arsin&tion. Here again the yield of monomethylated 
product ( VII) was only 18%, the main product apart from unchanged 
material being 2-phenylA-metkylglyomline methochloride (VIII), 

cm.) / o< NMe 'S H | cr (vm.) 

\_/ —CH \_/ ISfMe-CHJ 
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which, although the salt of a quaternary base, is precipitated as an 
oil on addition of strong alkali to its aqueous solutions. 

2-Phenyl-l-iMthylglyoxalinc (VII), which is also formed by dry 
distillation of the methoehloride (VIII) under reduced pressure, 
forms an abnormal gold salt by crystallisation of the precipitate it 
yields with chloroauric acid, from water containing a little acetone. 
The constitution of this modified gold salt, RAuClg, is similar to 
that of several others which have been described. The two types 
are readily interpreted on the electronic basis. The normal salts 
have the structure (IX) analogous to ammonium salts, whilst the 
abnormal have the structure (X) analogous to that of trimethyl- 
amine oxide. 

R v .R 2 ~ Cl. .CT;' T RjCl 

(ix.) r ‘- n * cl >: bl j !r,:n:au:ci <x.) 

- 8 1 R 3 C1 


2-o-Aminophenylglyoxaline reacts with nitrous acid with produc¬ 
tion of a crystalline tricyclic 1:2: 3 -triazine (XI), which does not 
couple with alkaline p-naphthol, in exactly the same way as o-amino- 
phenylperimidine yields the triazine (XII) (Sachs and Steiner, Ren, 
1909, 42, 3675). 




>N*CH 


O-OC.-. 






4-p -AmiTLopkenylglyoxaline submitted to the Bart-Schmidt reac¬ 
tion yields a very small amount of 4z-phenylglyomline~p-ar$inic acid , 
the main product being a purple dyestuff. The arsinic acid was 
not obtained in sufficient quantity for trial on experimental trypano¬ 
somiasis. This was unfortunate, as its structure (XIII) bears a 
close resemblance to the pyrazolone (XIV), derivatives of which 
are at present on the market for the treatment of protozoal diseases. 


■N=CH 

CH-NH 


As0 3 H 2 


(xm.) 


■\,_ M< ^NMe*CMe 

y CO—C-NHg 

(XIV.) 


The isomerie 4i<y-aminophmylglyoxaline on diazotisation yields a 
non-coupling, ^^ow structurally related to (XI). The 

chief to 4-o-aminophenylglyoxaJine lay in the 

remote possibility of its resolution into enantiomorphs. Pyman 
has produced a considerable body of evidence for ike resemblance 
between glyoxalii^ and benzene, so that the substance under con¬ 
sideration, being related to diphenyl, should, if Kaufier’s ideas be* 
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applied to it, be resolvable. The other type of formula, the non- 
coplanar type, suggested by Kenner as an explanation to be con¬ 
sidered in the interpretation of his results, would, in the present 
instance, not lead to enantiomorphs. 4- o -Aminophenylglyoxaline 
has been fractionally crystallised from water at low temperatures 
as its normal d-tartrate and as its dicamphor-lQ-sulphonate , but in 
neither case was there any evidence of resolution. 

Several attempts have been made under a variety of conditions 
to introduce arsenic directly into the glyoxaline nucleus, but hitherto 
unsuccessfully. The Bechamp reaction (heating with arsenic acid) 
has been applied to glyoxaline, 1-methylglyoxaline, 2-phenyl- and 
4-phenyl-glyoxalines, whilst the action of arsenious chloride with 
or without addition of aluminium chloride has been examined on 
glyoxaline, 1-methylglyoxaline and 4-phenylglyoxaline. 

We are much indebted to Miss F. M. Durham and Miss J. Marchal 
for the care exhibited in determining the therapeutic action of the 
arsinic acids herein described, and to Prof. Pyman, not only for 
freely allowing us to work in this field and for placing at our service 
unpublished results which materially assisted the investigation, but 
also for a gift of 4-o-nitrophenylglyoxaline. 

Experimental. 

Nitration of QlyoxalineA{px 5)-carboxyanilide. —The nitrate 
separating from water is dimorphous, both forms crystallising with 
£H 2 0, (a) unstable, fluffy needles, loss at 100° = 4*3; (6) stable, 
stout prisms, m. p. 170—171° (decomp.), loss at 100° = 3-4: 
Theory for |H 2 0 = 3*5%. Found in dry salt by nitron estimation, 
HNO a , 25*1 (Theory requires HN0 8 , 25*2%). The nitrate (75 g.) 
was added gradually and with ice-cooling to 150 c.c. of concentrated 
sulphuric acid. The product was kept for 3 hours at room tem¬ 
perature and then poured into ice-water; the solid obtained (55*5 g.), 
m. p. 265° (decomp.}, recrystallised twice from 700 c.c. of #-hydro- 
chloric acid, gave 33*8 g. of glyoxalmeA(or 5)- carboxy-p-nitroanilide 
hydrochloride. A further 4*7 g. were obtained from the mother- 
liquors. 

The sulphuric acid mother-liquors were heated at 80° and frac¬ 
tionally precipitated by addition of sufficient strong alkali to produce 
a slight separation of solid from the hot solution and copious 
crystallisation when cold. The process was repeated until all 
acidity was removed, final neutralisation being effected by saturated 
sodium carbonate. Several crops of almost pure glyoxaline- 4{or 5)- 
carboxy-o-nitroanilide, m. p. 229°, were thus obtained. This was 
finally purified as hydrochloride. The final .mother-liquors of fife© 
fractionation gave 1*0 g. of p-nitroaniline (m. p. 147°). 

von. cxxvn.. 4 x ■.; 
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In all, 38*5 g. of the £>-isomeride and 15*4 g. of the o-isomeride 
were obtained in a pure state as hydrochlorides, yields of 36 and 
14*3% respectively. 

Qlyoxaline-4c{oT 5)-carboxy-Tp-nitroanilide hydrochloride mono - 
hydrate crystallises from iV"-hydrochloric acid, in which it is sparingly 
soluble, in long, colourless, rectangular prisms or tablets decomposing 
about 298°. It also crystallises in fluffy needles which, on standing 
in contact with the solution, pass into the previously described stable 
variety (Found : loss at 95°, 1*9; Cl, 12*4. C 10 H 8 O 3 N 4 ,HCl,H 2 O 
requires Cl, 12*4%. When dried at 110°, the salt suffers complete 
loss of water and partial loss of hydrogen chloride. Found: 
loss, 7*4; Cl, 12*1. The monohydrate requires H 2 0, 6*3%. 
C 10 H 8 O 3 N 4 ,HCl requires Cl, 13-2%). 

The base crystallises from glacial acetic acid in long, colourless 
plates, m. p. 307° (corr.), which contain two mols. of acetic acid 
(Found: loss at 95°, 37*1; on dried solid, C, 51*7; H, 3*5. 
C 10 H 8 O 3 N 4 ,2C 2 H 4 O 2 requires loss, 34*1%. C 10 H 8 O 3 ]Sr 4 requires 
G, 51*7; H, 3*4%). It is practically insoluble in water and the 
usual organic solvents except acetic acid. It dissolves in 2A 7 -sodium 
hydroxide with a pale yellow colour and is reprecipitated by carbon 
dioxide. It forms a sparingly soluble nitrate , m. p. 205° (decomp.). 

Glyoxaline-4:(oT 5)-carboxy-o-nitroanilide crystallises from glacial 
acetic acid in bright yellow, glistening plates, m. p. 229° (Found: 
0, 51*3; H, 3*5. C^flgO^ requires C, 51*7; H, 3*4%). It is 
practically insoluble in water and the usual organic solvents except 
acetic acid. In 2iV-sodium hydroxide it dissolves with an intense 
yellow colour and is precipitated by carbon dioxide as glistening, 
yellow needles. The nitrate, from 2N-nitric acid, crystallises in 
long, yellow prisms, m. p. 196° (decomp.). The hydrochloride 
crystallises from ^-hydrochloric acid, in which it is moderately 
easily soluble, in yellow, rectangular, anhydrous prisms (Found: 
Cl, 13*0. C 10 H 8 O 3 N 4 ,HCl requires Cl, 13*2%). 

Hydrolysis of the Nitro-compounds .—2*0 Grams of each hydro¬ 
chloride were boiled for 3 hours with 20 c.c. of 16% hydrochloric 
acid. Extraction with ether isolated^?- and o-mtroaniline respec¬ 
tively, which were identified by the melting points of mix tures 
with authentic specimens. The mother-liquors were partly basified; 
glyexaline-4(or 5)-carboxylic acid was then isolated, effervescing 
at 275° (alone, or mixed with an authentic specimen), 

6lyoaxdineA(or hymrboxy-p^minoanilide Dihydrochloride. — 
Twelve grams of #^ hydrochloride of the #-nitroanilide were added 
to a mixture of 75 c^c. r of concentrated hydrochloric acid and 75 c.c. 
of alcohol <x>nt£dning 3§ g. of hydrated stannous chloride in solution. 
Oh heating at 80°, a bulky, pale yellow precipitate separated, which 
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dissolved on addition of more alcohol. On cooling, 15*6 g. of the 
stannichloride of the amino-base, m. p. 290° (decomp.), separated, 
and a further 2*3 g. on concentration of the mother-liquors. After 
removal of tin as sulphide, the dihydrochloride of the base, 9*55 g. 
or 80% of theory, was isolated. This salt crystallises from dilute 
hydrochloric acid in colourless, glistening, rectangular prisms which 
blacken at about 290° and crystallise with one molecule of water 
(Found: loss, 6-1; on anhydrous salt, Cl, 25*9. C 10 H 10 ON 4 ,2HCl,H 2 O 
requires H 2 0, 6T%. C 10 H 10 ON 4 ,2HC1 requires Cl, 25*8%). The 
diazotised salt couples with alkaline ^-naphthol with production 
of a red solution. The base is precipitated by addition of sodium, 
carbonate solution. It is moderately soluble in water and crystal¬ 
lises in colourless, glistening, delicate plates, m. p. 228°. The 
picrate crystallises in long, fine, yellow needles darkening at 256° 
and decomposing at 266°, and is very sparingly soluble in boiling 
water (Found: H 2 0, 5*7; on dried salt, picric acid, estimated by 
nitron, 53*0. C lo H 10 ON 4 ,C 6 H 3 O 7 N 3 ,l^H 2 O requires H a O, 5*9%* 
Ci 0 Hi 0 GN 4 ,C 6 H 3 O 7 N s requires picric acid, 53*1%). 

Glyoxaline-4c(ox b)-carboxy-o-aminoanilide Dihydrochloride. —Six 
grams of the hydrochloride of the nitroanilide were reduced in the 
same way as the ^-nitroanilide. On keeping, the stannichloride 
(11*0 g.) separated in colourless, rectangular prisms, and on con¬ 
centration another 2*0 g. were obtained. On removal of tin as 
sulphide and concentration to a low bulk, glyoxalinecarboxy-o- 
aminoanilide dihydrochloride crystallised out (yield 5*4 g. or 87*5%). 
This salt crystallises from dilute hydrochloric acid in long, 
rectangular prisms which decompose at 310° and crystallise with 
one-half a molecule of water (Found : loss at 100°, 3*6. 
C 10 H 10 ON 4 ,2HCl,£H 2 O requires H 2 0, 3-2%. Found : on dried 
salt. Cl, 25*5. C 10 H 10 ON 4 ,2HC1 requires Cl, 25*8%). It is very 
readily soluble in water and on addition of sodium nitrite a diazo- 
imide (HI) crystallises out. This is sparingly soluble in boiling 
acetic acid, ethyl alcohol or benzene, somewhat more readily soluble 
in boiling methyl alcohol, from which it separates in fine needles, 
m. p. 195—196°, but varying with the rate of heating. The diazo- 
imide is soluble in sodium hydroxide solution but not in sodium 
carbonate, and forms an insoluble hydrochloride with concentrated 
hydrochloric acid, but dissolves on dilution. It produces no colour 
on addition to alkaline p-naphthol solution. It is very sparingly 
soluble in water and will detect nitrous acid as a solid crystalline 
derivative at a dilution of 1 in 6400 in the presence of sodium 
acetate, or, conversely, the anilide can be detected at a dilution 
of T in 5000. 

The amino-base is precipitated on careful addition of sodium 

4x2 ■ 
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carbonate to the dihydrochloride. It is moderately easily soluble 
in boiling water and crystallises in fine needles, m. p. 270° with 
previous darkening. The dipicrate is very sparingly soluble in 
boiling water and crystallises in minute needles, m. p. 242° (decomp.) 
(Found: H 2 0, 5-9, 5*6; on dried salt, picric acid, 70*8, 71-0. 
Ci 0 Hi 0 ON 4 , 2 C 6 H 3 O 7 ]Sr 3 5 2 |H 2 O requires H 2 0, 5*8%. 

CioHi 0 Ohr 4 ,2C s H 3 0 7 N3 
requires picric acid, 69*4%). 

GlyoxalineA' (or 5') -wrboxy-jy-aminophenylarsinic Acid (I).—Gly- 
oxalinecarboxy-^-aminoanilide dihydrochloride (27*3 g.) (in 5 
batches) was dissolved in 150 c.c. of water, cooled to 0°, and diazo- 
tised by addition of 100 c.c. of 10% sodium nitrite solution. To the 
clear solution 9*0 g. of arsenious oxide in 70 c.c. of 2iV-sodium 
hydroxide were added to produce a faintly alkaline reaction. A 
light brown precipitate separated and a considerable amount of 
frothing took place. After keeping over-night, the solution was 
warmed on the water-bath and filtered from coloured by-products. 
The filtrate was fractionally precipitated with strong hydrochloric 
acid and after removal of amorphous material a crystalline crop 
separated. On keeping, 11*2 g. (36% yield) of crude arsinic acid 
were obtained. It crystallised from 75% acetic acid (50 vols.) in 
pale yellow, glistening, triangular leaflets which darkened at 280°. 
This acid is almost insoluble in boiling water or glacial acetic acid, 
dissolves more readily in mixtures, but is readily soluble in boiling 
25% formic acid, separating in needles, forming a very stable 
monohydrate (Found on various samples: loss at 105°, 0*7; As, 
22*4, 22*4, 22*8. C 10 H 10 O 4 N 3 As,H! 2 O requires As, 22*8%). A 1% 
solution in 0*2A-ammonia treated with a tenth of its volume of 
5% magnesium or calcium chloride gave an immediate precipitate 
of the magnesium salt in fine needles, but the calcium salt separated 
in anisotropic spheroids, only on heating. The sodium salt crystal¬ 
lises in needles, and the hydrochloride in fine needles. 

GlyozalineA'(or 5 f )-mrboxy-])-amino-3-nitrophenylarsinic Acid .— 
Glyoxalineearboxy-p-aminophenylarsimc acid (9*9 g.) was dissolved 
in 30 c.c of sulphuric acid at 0° and nitrated by addition of 3 g. 
of nitric acid {d 1-42) dissolved in a few c.c. of sulphuric acid. When 
.-iiiedxfear®- .was poured on to ice, the crude nitro-acid (10*5 g.) 
separated, at first in leaflets, but later in needles. The mother- 
liquors* neutrate Gongo-paper and kept at 0° for 3 days, 
deposited a furrier 2*0 g. of nitro-acid. The pure nitro-acid is best 
obtained by crystallisatdon from 50% acetic acid. It is almost 
insoluble in boiling water or boiling glacial acetic acid. From 25% 
iconic acid it sepuato in clusters of yellow plates, m. p. about 
^7° (deeomp.). lt forms a verystable monohydrate (Found: 
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loss at 110°, 0-9; on two distinct samples of dried acid. As = 19*8, 
19*9. C 10 H 9 O 6 N 4 As,H 2 O requires As, 20*0%). 1% Solutions in 
0*2A-ammonia were treated with a tenth of the volume of 5% 
lithium, magnesium, calcium or barium chloride; a micro-crystalline 
precipitate of the magnesium salt formed immediately, the calcium 
salt separated almost immediately in fine needles, and the barium 
salt also in fine needles, especially on rubbing the walls of the vessel. 
The lithium salt separated after keeping for several days. 

Hydrolysis of the Nitro-acid .—Two grams of the pure acid were 
boiled for 30 minutes with 30 c.c. of iV-sodium hydroxide, and the 
solution was cooled and made neutral to Congo-paper. Successive 
crops of acids were obtained which by suitable crystallisation from 
water gave eventually an 86% yield of 3-nitro-4-aminophenylarsinic 
acid and an 83% yield of glyoxalinecarboxylic acid. There was no 
evidence for the presence of isomeric nitro-aeids, and no definite 
evidence was obtained from fractional crystallisation of 10 g. of 
crude glyoxalinecarboxy-ff-aminonitrophenylarsinic acid. 

Glyoxaline-4:' (or 5 7 ) - car boxy-j) - amino - 3 - aminophenylarsinic acid (II) 
was prepared by dissolving 8*0 g. of the nitro-acid in 80 c.c. of 
2A-sodium hydroxide at — 5°, adding gradually 28 g. (7 mols.) of 
ferrous chloride in 40 c.c. 1 of water and and finally 80 c.c. of 2N- 
sodium hydroxide. After filtration, the ferric hydroxide was 
extracted thrice with 150 c.c. of 0*2A-sodium hydroxide. The 
combined filtrates were neutralised to Gongo-paper, and the crude 
amino-acid (5-65 g.), which separated crystalline, was collected. 
The mother-liquors were made alkaline with ammonia and heated 
with magnesium chloride. The magnesium salt which separated 
was dissolved in 50 c.c. of j^-hydrochloric acid, and the acidity 
removed by sodium acetate. The amino-acid so obtained weighed 
0*85 g. The total yield of crude amino-acid was 86%. It was 
purified with difficulty by dissolving in 0-5N -hydrochloric acid and 
cautiously adding saturated sodium acetate solution until the 
solution was only faintly acid to Congo-paper. This caused the 
gradual separation of a green, flocculent substance which could be 
filtered off; the amino-acid was precipitated from the filtrate by 
further addition of sodium acetate. The pure amino-acid crystal¬ 
lises in fine, long, colourless, rectangular prisms which are unmelted 
at 320°. They contain half a molecule of water, not lost at 100° 
(Found : As, 22*4, 22-2, CioHi^O^AsjJHgO requires As, 22*4%). 
In hydrochloric acid solution addition of sodium nitrite causes an 
immediate precipitation of a crystalline diazoimide (IV), which 
separates from dilute solutions in microscopic leaflets. The diazo¬ 
imide does not couple with |3-naphthol. A 1% solution of the 
amino-acid in 0*2A r -ammonia treated with one-tenth its volume qi 
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5% magnesium or calcium chloride gave an immediate precipitate 
of the magnesium salt in fine needles, whilst the calcium salt was 
precipitated, in crystalline tufts, only on heating. 

2-p-Aminophenylglyoxaline dihydrochloride (V) was obtained by 
reducing 19*0 g. of 2-p-nitrophenylglyoxaline with 68 g. of stannous 
chloride in 170 c.c. of concentrated hydrochloric acid. The stanni- 
chloride separated, in colourless needles, after digestion on the 
water-bath. Its de-tinned solution, on concentration, gave 16*2 g. 
of the pure dihydrochloride , crystallising in colourless, rectangular 
prisms which darken at about 300° (Found : Cl, 30*6. C 9 H 9 lSr 3 ,2HCl 
requires Cl, 30*6%). It diazotises and couples with alkaline 
p-naphthol, forming a deep red solution, and also gives an intense 
red solution with Pauly’s reagent. The free base is an oil which 
turns brown on exposure to air. The monopicrate is very sparingly 
soluble in water and crystallises in orange, glistening, rectangular 
plates, decomp, about 238° (Found : picric acid by nitron, 58*7. 

requires picric acid, 59*0%). Under no con¬ 
ditions could any arsinic acid be isolated by the application of the 
Bart reaction to this aminophenylglyoxaline. 

Action of Methyl Sulphate on 2-p-NitrophenylglyoxaUne .—The 
base (12-6 g.) was heated at 100° with 8*4 c.c. of methyl sulphate 
for I hour. After initial liquefaction the product set to a cake. 
The solid obtained on treatment with sodium hydroxide was crystal¬ 
lised as hydrochloride; 6*0 g. of the hydrochloride of the initial 
material were recovered. The hydrochloride mother-liquors, on 
being basified, gave 1*0 g., m. p. below 120°. This was 2-p-niiro- 
phenyl- 1 -methylglyoxaline, and when recrystallised from water it 
separated in long, pale yellow, silky needles, m. p. 116*5° (corr.). 
It is moderately soluble in boiling water, sparingly so in ether, and 
very soluble in alcohol, benzene, or chloroform. The chloroaurate 
crystallises from 3JV-hydrochloric acid in golden-yellow, irregular 
prisms which decompose at 226° (corr.). It is soluble to the extent 
of 1 in 300 in the boiling acid (Found : Au, 36*4. C 10 H 9 O 2 N 33 HAuC 1 4 
requires Au, 36*3%). The hydrochloride crystallises in elongated 
plates and is very soluble in water. The nitrate crystallises in 
diamond-shaped plates effervescing at 186° (corr.). It is moderately 
soluble in water, but sparingly soluble in dilute nitric acid. The 
picmtie crystallises from alcohol, in which it is very sparingly 
soluble, in fete, glistening needles, m. p. 212° (corr.) (Found: 
picric nitron, 53*1. O 10 H 9 G 2 N 3 ,C 6 H 3 O 7 lT 3 requires picric 

■ acid, : 53*0%|.;(. : .'’ jy 

1 Aihpdrocdiioride /Was 11: obtainedby 
^ducing 7*0 g. ofthe m-nitrophenylglyoxaline with 25 g. of stannous 
sshfcride in 64 c.c. of concentrated hydrochloric acid and 30 c.c. of 
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alcohol on the water-bath. When cold, the stannichloride separated 
in rectangular prisms which, after de-tinning and concentration, 
gave 6*2 g. of the pure dihydrochloride. This salt is a monohydrate 
and melts with decomposition at 282°. It is very soluble in water, 
less soluble in acid solutions (Found : loss, 7*3; on dried salt, 
Cl, 30-5. C 9 H^N 3 ,2HC1,H 2 0 requires H 2 0, 7*3%. CgH^N^HCl 
requires Cl, 30*6%). After diazotisation, it couples with alkaline 
P-naphthol with an intense red colour. The base liberated by 
addition of sodium bicarbonate is very soluble in water. It is a 
monohydrate which partly melts with effervescence between 130 and 
140° and finally melts at 202—203°. When dried at 95°, it melts 
at 203—204° (Found: loss at 95°, 9*1. C 9 H 9 N 3 ,H 2 0 requires 
H 2 0, 10*2%). The anhydrous base is sparingly soluble in boiling 
acetone, benzene, or ethyl acetate, and readily soluble in hot alcohol, 
from which it crystallises in fine needles. The monopicrate crystal¬ 
lises from water, in which it is very sparingly soluble, in long spikes, 
decomp. 218° (Found : picric acid by nitron, 58*0. C 9 H 9 N 3 ,C 6 H 3 0 7 N 3 
requires picric acid, 59*0%). 

Attempts to replace the amino-group in this base by the arsinic 
acid group by the Bart reaction were all unsuccessful. 

2-o-Aminophenylglyoxaline dihydrochloride was prepared from 
the nitro-compound by reduction with stannous chloride, the 
stannichloride separating in thin plates. The dihydrochloride (Found: 
Cl, 30*5. CgHgNg^HCl requires Cl, 30*5%) crystallised in large, 
glassy tablets melting at 234—236° and decomposing a few degrees 
higher. It was readily soluble in water and on addition of sodium 
nitrite gave a triazine (XI) crystallising in needles, m. p. 113—114°. 
This triazine is insoluble in alkali, but immediately soluble in 
concentrated hydrochloric acid. From 3 W-hydro chloric acid the 
hydrochloride of the triazine crystallises in needles. The triazine 
does not couple with alkaline (3-naphthoL The monopicrate of the 
o-base "is readily soluble in boiling water and crystallises in small, 
feathery needles, m. p. 211—212° (without decomp.) (Found: 
picric acid, 59*6. C 9 H 9 N 3 ,C 6 H 3 0 7 N3 requires picric acid, 59*0%). 
The base melts at 136—137° and crystallises from water in large, 
white, fern-like crystals. 

4-p-Aminophenylglyoxaline dihydrochloride was prepared by reduc¬ 
ing the p-nitro-base (19 g.) by 68 g. of stannous chloride in 170 c.c. 
of concentrated hydrochloric acid and 50 c.c. of alcohol on the water- 
bath at 80°. The stannichloride (needles darkening at 310°) crystal¬ 
lised from the hot solution. After removal of tin as sulphide, 
17-1 g. of pure dihydrocldoride were obtained in colourless, glistening 
needles which darken at 310° (Found: Cl, 30*5. C 9 Byj 3 ,2HCl 
requires Cl, 30*6%). It is readily soluble in water, and when 
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diazotised gives with alkaline (3-naphtkoI an intense purple dye; 
but a similar colour is obtained with the diazotised base and sodium 
hydroxide alone. It gives an intense red colour with Pauly’s 
reagent. The base crystallises from water, in which it is moderately 
soluble, in glistening, hexagonal plates, m.p. 98° (corr,). The 
dipicrate crystallises from water, in which it is very sparingly soluble, 
in yellow needles, m. p. 240° (decomp.) (Pound : picric acid, 73*9. 
C $ H^ 3 , 2 C 6 H 30 7 lSr 3 requires picric acid, 74*2%). 

Glyoxaline-4(ov 5)~phenyl-p-arsinic acid (XIII) was obtained by 
addition of sodium nitrite to 4-^p-aminophenylglyoxaline dihydro- 
chloride (10 g.) at 6° and subsequent addition of 6*6 g. of arsenious 
oxide in 36 c.c. of 2iV-s odium hydroxide. An intense dark purple 
solution was formed, but the reaction of the solution could be 
adjusted to neutrality by use of glazed litmus paper. When the 
evolution of nitrogen had ceased, the solution was warmed on the 
water-bath, and the insoluble dyestuff filtered off. The solution 
was made neutral to Congo-paper and, after removal of amorphous 
material, was concentrated. The arsinic acid separated in reddish- 
yellow plates, which were unmelted at 310° (yield 0*5 g.). On 
crystallisation from glacial acetic acid, it separated in dense yellowish- 
brown prisms. The amount of material was insufficient for 
analysis, but served to confirm its identity. Further experiments 
under a variety of conditions resulted in no improvement of the 
yield. This acid gave an intense reaction with Pauly’s reagent. 
Its ammoniacal solution gave an amorphous magnesium salt on 
heating, but the calcium salt separated in the cold in sphsero- 
crystals. The barium and lithium salts were soluble. From 
alkaline solutions the acid is precipitated by addition of mineral 
acid in colourless, elongated leaflets. 

4:-o-Aminophenylglyoxaline dihydrochbride was obtained by reduc¬ 
tion of the nitro-base by stannous chloride in concentrated hydro¬ 
chloric acid. On removal of tin and concentration, the dihydro - 
tMoride monohydrate separated in colourless prisms which effervesce 
at 256° and do not lose the water of crystallisation at 95° (Found: 
d, 29-1, 294. C 9 B^ 3 ,2HC1,H 2 0 requires Cl, 29*2%). It is very 
soluble in water and with sodium nitrite gives a bright yellow 
solution from which the triazine separates in clusters of microscopic 
needles. It does not couple with alkaline p-naphthol and is not 
soluble in alkali. The base separates as an oil on addition of sodium 
hydroxide, but a alight excess of sodium bicarbonate causes it to 
crystallise in square .plates* m. p. 131*. It is soluble in water, 
sparingly soluble in ether, and is .unaffected by excess of sodium 
hydroxide. The^^ in elohgated plates from 

it is s^rin^y ^>luble, and d€^omiK>ses about 290 0 
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(Found : picric acid by nitron, 73*5. CgHgNg^CgHgOfNg requires 
picric acid, 74*2%). The normal tartrate separates in felted needles 
from aqueous solutions containing molecular proportions of the 
constituents or one molecular proportion excess of tartaric acid. 
Repeated crystallisation at temperatures below 40° failed to effect 
any change in its rotation or melting point. It crystallises with 
T5H 2 0 and loses 1H 2 0 in a vacuum over sulphuric acid. When 
air-dried or dried in a vacuum, it melts at 95—97° and then effer¬ 
vesces at about 130° [Found : loss in a vacuum, 5*3; on vacuum- 
dried material, C, 49*1; H, 5*1. C 9 H 9 N 3 ,C 4 H 6 0 6 ,1JH 2 0 requires 
(for loss of 1H 2 0), B^O, 5*4%. C 9 H 9 N 3 ,C 4 H 6 0 6 ,pi 2 0 requires 
C, 49*1; H. 5*1 %]. The specific rotation was determined in water : 
c = 0*914; 1 = 2; ct + 0*27°; [aj^gi + 14*8°. The di-d-camphor- 
10-sulphonate is readily soluble in water, from which it crystallises 
in anhydrous needles, m. p. 198—200° (Found: S, 10*1. 
CgHgNg^C^HjgO^ requires S, 10*0%). The rotation was un¬ 
changed after recrystallisation from water below 40°: c—TO; 
1 = 2; a+ 0*428°; [a] M61 = + 21*4° : c = 2*04; 1 = 2 ; a + 
0*868°; = + 21*3°; whence 61 = 133*1°. Graham 

(J., 1912,101, 747) gives for the molecular rotation of the camphor- 
sulphonic ion = 06*5; whence, for two ions, = 

133*0°, a value identical with that observed for the above 
salt. 

Methylation of 2 -Phenylglyoxaline. —Methyl sulphate (28 c.c.) was 
added in small quantities to 40 g. of 2-phenylglyoxaline with cooling. 
A vigorous reaction ensued and the mass liquefied. After heating 
for 30 minutes on the water-bath, the product was treated with 
20 c.c. of water and mixed with sodium nitrate and nitric acid. On 
concentration, an oily layer separated, which deposited 11*2 g. of 
a nitrate, m. p. 126°; this, on recrystallisation, gave eventually 
8*5 g. of unchanged 2-phenylglyoxaline, and from its mother- 
liquors, 1*3 g. of 2-phenylglyoxaline picrate, m. p. 234°, and TO g. 
of a new picrate, m. p. 132°. The original nitrate mother-liquors 
were concentrated further, made alkaline with sodium hydroxide, 
and extracted with chloroform- The chloroform was extracted 
twice with water; the aqueous solution, on evaporation with hydro¬ 
chloric acid, gave 15-5 g. of 2-phenyl-l-methylglyoxaline metho- 
chloride (VIII). The chloroform extract, distilled at 20 mm., 
gave 9*4 g. of an oil, b. p. 190°, from which alcoholic picric acid 
produced 27 g. of picrate, m. p. 124°. On recrystallisation from 
water, 19*2 g. of 2-phenyl- 1 -methylglyoxaline picrate , m. p. 132°, 
were obtained, and from the mother-liquors 1*6 g, of 2-phenyl¬ 
glyoxaline picrate, m. p. 232°, with various small crops of mixed 
picrates. 2-Phenylglyoxaline, 2-phenyl-1 -methylglyoxaline, and 

• 4 X* V 
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2-phenyl-l-methylglyoxaline methochloride were obtained in yields 
of 32-3, 18-2, and 26-7% respectively. 

2-Phenyl -1 -methylglyoxaline (VII) is a viscous, pale yellow oil, 
b. p. 175°/15 mm., with a strong but not unpleasant odour. It is 
not soluble in water, but soluble in organic solvents. The chloro- 
aurate is practically insoluble in water, alcohol, or 3iV-hydxochloric 
acid, but can be recrystallised from the first-named by addition of 
a little acetone. It separates in deep yellow, elongated prisms, 
m. p. 189° (corr.) (Found: Au, 42-8. C 10 H 10 l$r 2 ,AuCl 3 requires 
Au, 42-7%). The nitrate is a very soluble salt crystallising in 
needles, m. p. about 100°. The picrate separates from 60 parts of 
boiling water in glistening, elongated plates, m. p. 133° (corr.). 
It dissolves three times as readily in boiling alcohol (Found: picric 
acid, 59*3. C lo H 10 N 2 ,C 6 H 3 O 7 N 3 requires picric acid, 59-2%). The 
hydrochloride is extremely readily soluble in water or alcohol and 
separates in needles (Found: loss in a vacuum, 14*9; on dried 
material, Cl, 18-4. C 10 H 10 N a ,HCl,2H 2 O requires H 2 0, 15*6%. 
C 10 H 10 N 2 ,HC1 requires Cl, 18-2%). The hydrogen oxalate crystal¬ 
lises from alcohol in colourless, long needles, m. p. 135° (corr.). 
It is readily soluble in water and hot alcohol [Found: N, 11-0 
(Kjeldahl). C 10 H 10 N 2 ,C 2 H 2 O 4 requires N, 11-3%]. 

2-Phenyl -1 -methylglyoxaline methochloride was obtained in small, 
very hygroscopic needles, m. p. 272°, by dissolution in absolute 
alcohol and addition of ether (Found: H, 6-2; N, 13-7; Cl, 16-7. 
C 10 H 10 N 2 ,CH 3 C1 requires H, 6-2; N, 134; Cl, 17*0%). On addition 
of strong alkali to an aqueous solution the quaternary base is 
precipitated as an oil. The chbroaurate crystallises from dilute 
hydrochloric acid, in which it is very sparingly soluble, in pale 
yellow, elongated leaflets, m. p. 134° (corr.) (Found: Au, 38-5. 
C 11 H 13 N 2 ,AuC 1 4 requires Au, 38-5%). 

Distillation of 2-Phenyl-l-methylglyoxaline Methochloride .—Five 
grams of this salt were distilled at 15 mm. 2-Phenyl-l -methyl¬ 
glyoxaline distilled over at 175° in 56% yield. It was converted 
into the picrate, m. p. 132°, and proved to be identical with that 
described above. 

We are indebted to Mr. W. Anslow for the majority of the analyses 
nscraded in thispaper. 

Tee National Institute foe Medical Reseabch, 

Hampstead, N.W. 3. [Received, September 15th, 1925.] 
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CCCLXXI .—The Rate of Reaction of Bromine with 
Aqueous Formic Acid . 

By Dalziel Llewellyn Hammick, William Kenneth Hutchison, 
and Frederick: Rowlandson Snell. 

Formic acid in aqueous solution is oxidised by each, of the halogens 
to carbon dioxide and halogen acid, the reactions in the cases of 
bromine and iodine proceeding at rates that make velocity measure¬ 
ments possible. An account is now given of a study of the kinetics 
of the oxidation by bromine. Somewhat similar reactions have 
been studied by Bugarsky (Z. physikal . Chem 1901, 38, 561; 
1904, 48, 63), who recognised clearly the disturbing effects due to 
the products of the reaction, to which effects further reference will 
be made. 

That the reaction goes to completion in accordance with the 
equation HC0 2 H + Br 2 = 2HBr + C0 2 was established in the 
following manner. A strong solution of bromine in water was 
contained in an apparatus as described by Richards (ibid., 1902, 
41, 544) which delivered bromine solution of constant strength. 
The amount of bromine in one measure (about 15 c.c.) was estimated 
iodometrically. A mixture of exactly 20 c.c. of a solution of 
formic acid of known strength, 4 measures of bromine water, and 
20 c.c. of approx. A-hydrobromie acid was kept in a thermostat 
at 25° for 3 days. By estimating the residual bromine it was found 
that 2-23 g.-mols. of formic acid react with 2*24 g.-mols. of bromine. 

Materials and Method .—The bromine, prepared from pure 
potassium bromide, contained 99*6% Br, and no detectable iodine. 
The anhydrous formic acid contained 99*7% HC0 2 H. A Jena glass 
flask, of about 450 c.c. capacity, with a narrow neck and ground 
glass stopper was used as the reaction vessel, placed in a thermostat 
at 25*00° ± 0*04°. The initial volume of reaction mixture was 
always 400 c.c. 

Preli mi nary experiments established the following points: (1) 
Under the conditions of working, light has no appreciable effect on 
the rate of reaction. (2) The rate of reaction is greatly diminished 
by the presence of hydrogen- or bromine-ion. 

Experiments were therefore made to determine the rate of dis¬ 
appearance of bromine in solutions containing excess of both formic 
acid and hydrobromic acid. Quantities of 25 c.c. of the reaction 
mixture were withdrawn' at measured times and discharged into 
potassium iodide solution. The iodine liberated was then titrated 
with standard thiosulphate. In all these experiments the titration 
of the initial quantity of bromine was carried out under similar 
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conditions of acidity. But no attempt was made to neutralise the 
excess of acid in the titrations, since the form of the monomolecular 
velocity coefficient ensures that any proportional error in the 
titration will be eliminated. 

Table I shows that the rate of disappearance of bromine follows 
the monomolecular law h = 2*303/2. log {a/(a — a?)}, where a is 
the initial titre equivalent to 25 c.c. of reaction mixture and. (a — x) 
is the titre at time t (mins.). A zero time correction was introduced 
owing to the time of mixing being rather long compared with the 
time of reaction. This correction, obtained by plotting values of 
log {a I (a — #)} against t and extrapolating back to zero, was never 
very large, being generally of the order of — 0*1 min. All the 
values of h have been computed after the addition or subtraction of 
the necessary correction thus obtained. 

Table I. 


CHBr* chcoiKi and initial concentration of bromine = 0-1665, 0*278, and 
0-0108 g.-mol. per litre, respectively. Zero time = —0*05 min. 


... 

0-00 

1-82 

3*30 

4*32 

5*68 

7*30 

11*80 

Br titre (c.c.) 

27-12 

18*69 

13*32 

10*81 

8*18 

5*82 

2*40 

h .. 

— 

0*205 

0*215 

0*213 

0*212 

0*211 

0*206 


Mean 0*210 


Table II summarises the results of similar experiments carried 
out in order to determine the influence of the concentration of the 
formic acid on the rate of reaction. The value of the monomolecular 
velocity coefficient, k 0h5 ^ is the measure of the rate of the reaction, 
and the constancy of the quotient £obs./cHcosH is satisfactory proof 
that the rate is proportional to the concentration of formic acid. 
The reaction between bromine and formic acid is therefore of the 
second order. It remained to investigate the influence of the 
hydrogen and bromine ions on the rate of reaction. 

Table II. 

<JHBr — 0*1820 g.-mol. per litre. 


CEOQtH — .... 0*1409 0*1409 0*2113 0*2818 0*4227 

ifcofe* .. 0*092 0*096 0-146 0*192 0*284 

.. 0*653 0*681 0*693 0-683 0*673 


Jakcr^Mn {Z./physihal. Chem., 1896, 20,19) and others have shown, 
as a result of partition experiments, that bromine in a solution 
contai ni ng excess of bromine ions is present largely as the tribromide 
ion. The equilibrium constant 

V . . . . . (1) • , 

has been calculatedto about 0*063, assuming complete dissociation 
oi fhe electrolytes involved. The corresponding constant for the 
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combination of bromine molecules with chlorine ions is of the 
order of 0*8. Now, in order to study the reaction at different 
concentrations of hydrogen ion, it is necessary to add varying 
quantities of some strong acid, and for this purpose hydrochloric 
acid appeared most suitable. But sufficient hydrobromic acid must 
be present, not only to maintain the bromine-ion concentration 
constant, but also to outweigh the much slighter influence of the 
chlorine ion in removing bromine molecules from the solution, and 
so render the disturbing effect of the chlorine ion negligible. 
Table III summarises the results of experiments carried out on 
these lines. The normality of the hydrobromic acid was 0*1213 
throughout and that of the hydrochloric acid never exceeded 
0*2540, so that the disturbing effect of the chlorine ion would never 
be serious. Under “ a 55 are given the activity coefficients of hydro¬ 
chloric acid (Lewis and Randall, “ Thermodynamics,” 1923, p. 336) 
for the total acid concentration; for since coefficients for hydro- 
bromic acid were not available, it was assumed that they would 
not be very different from those for hydrochloric acid. 

Table III. 


Chco>h = 0*282 g.-mol. per litre, = 0*12131V. 


Choi (-2^). 

C(HBr,HCJ) (N). 

a. 


a X C(HBr,HCl) X &Ob«. 

0*000 

0*1213 

0*807 

0*353 

0*0346 

0*0252 

0*1467 

0*798 

0*298 

0*0349 

0*0402 

0*1637 

0*793 

0*269 

0*0349 

0*0807 

0*2020 

0*782 

0*216 

0*0341 

0*1794 

0*2907 

0*769 

0*157 

0*0351 

0*2540 

0*3753 

0*763 

0*125 

0*0346 


The constancy of the figures in the last column shows that the 
rate of reaction is inversely proportional to the active or effective 
concentration of the hydrogen ion. This is readily explained on 
the assumption that the ions of formic acid react and not the 
undissociated molecules. Formic acid is a comparatively weak 
acid, obeying the dilution law, so that in the presence of excess of 
hydrogen ion the concentration of formyl ion is inversely propor¬ 
tional to the concentration of the hydrogen ion. 

It was anticipated that the influence of the bromine ion on the 
rate of reaction might be accounted for 1 by the removal of bromine 
molecules as tribrdmide ions, provided that these do not take part 
in the reaction. If the expression (eq. 1) for the equilibrium 
between free bromine molecules, bromine ions, and tribromide 
ions is combined with equation 2, which represents the total concen¬ 
tration of bromine in the solution (= {Br 2 )) in terms of the concen¬ 
tration of free bromine molecules (= [Br 2 ]) and of tribromide ions 
(= [Br 3 ']), 

{Br 2 } — [Br 2 ] + [Br 3 '] . . ;. . (2) 
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a relation (eq. 3) is obtained between total bromine, free bromine, 
and bromine-ion concentrations. 

[Br 2 ] = {Br 2 }/[1 + 1/JfJBt']) .... (3) 

Assuming now that tbe reaction is due to the free bromine molecules, 
it is found that the reaction velocity should be proportional to their 
concentration at any instant, and that the monomoleeular velocity 
coefficient should be related to the bromine-ion concentration by 
the equation 

iobB.==^2/(l + l/^i[Br'}) .... {4} 

Two methods are available for testing these conclusions. The 
first of these, the results of which are in Table IV, consists in 
keeping the hydrogen-ion concentration constant by the introduction 
of a sufficient quantity of hydrobromic acid, which also supplies 
the minimum excess of bromine ion necessary to give the mono- 
molecular velocity coefficient, and then varying the bromine-ion 
concentration by the addition of potassium bromide. 

Table IV. 

ChcoiH = 0-278 g.-mol. per litre, cbbt — 0*1010 N, K x = 0*110. 


CkBt (N). 

C(HBr+KBr)(AO. 

&0bs* 

ko*s. (1 + 1/tfitBr']). 

0-000 

0*1010 

0*468 

0*907 

0*050 

0*151 

0*372 

0*908 

0*101 

0-202 

0*316 

0*899 

0*140 

0*251 

0-274 

0*898 

0*202 

0*303 

0*242 

0*883 

0*303 

0*404 

0*194 

0*900 


The value of the constant K 1 (eqs. 1 and 4) was obtained by 
plotting the reciprocal of the monomoleeular velocity coefficient 
against the corresponding bromine-ion concentration, and for this 
it was assumed that all the electrolytes were completely dissociated. 
A good straight line was obtained (compare eq. 4), and from the 
point where this cuts the Br' axis the value of K 1 can be deduced. 
The constancy of the numbers in the last column shows that for 
the value of 0*110 for K x the figures agree well with the theory, 
although this is a value considerably higher than that (0-065) found 
by Jakowkin (Zoc. tit). 

It was realised that a possible reason for the discrepancy may be 
the assumption made that the electrolytes are completely dis¬ 
sociated ; whereas the activity of the bromine ion varies quite 
considerably over the range of concentration used. Accordingly, 
in the second method of studying the effect of the bromine ion, a 
correction has beenmade for the activity. Here the concentration 
of the hjrdrobromic^^^ add was varied and the corresponding mono- 
smlpcular coefficients were determined. The simple relation that 
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was shown to exist between the effective concentration of the 
hydrogen ion and the velocity of the reaction (Table III) was then 
employed to eliminate the influence of the changing hydrogen-ion 
concentration. 

Table V contains the results of the experiments carried out in 
order to test this method of attack. The second column gives the 
activity coefficients for hydrochloric acid (loc. cit.) which, as before, 
were assumed to be not very diSerent from those for hydrobromic 
acid. The pairs of values of &obs. given in the fourth column are 

Table V. 

Chco*h = 0*278 g.-mol. per litre. K x = 0*070. 

8 = &obs. & X CjjBr (1 -j- 1 1 CL X ^Oba.^HBr)* 


CHBr IN). 

a. 

a X CE£ r (N). 

&Obs* X 

&0bs.CHBr- 

8. 

0*0555 

0*848 

0*0471 

1*0181 
1*009J 

1-014 

0*0478 

0*0800 

0*1110 

0*820 

0*0911 

0*3981 
0*408 J 

•0-398 

0*0362 

0*0833 

0*1665 

0*793 

0*1320 

0*2101 
0*212 j 

0-211 

0*0280 

0*0808 

0*2220 

0*780 

0*1730 

0*143^ 

0*136, 

j- 0-140 

0*0242 

0*0836 

0*2775 

0*771 

0*2140 

0*092^ 

0*096, 

10-094 

0*0201 

0*0815 


the results of pairs of experiments under identical conditions. In 
the first of each pair, the initial concentration of bromine was about 
0*010 g.-mol. per litre, whilst in the second it was about 0*005 g.-mol. 
per litre. The mean of each pair (fifth column) was used in the 
subsequent calculations. The activity of the hydrobromic acid is 
given in the third column. The product of this activity and the 
corresponding monomolecular velocity coefficient gives (sixth 
column) the corrected values of &obs* The reciprocals of these 
corrected values were plotted against the activities of the hydro¬ 
bromic acid, or effective concentrations of the bromine ion, and the 
value of 0*070 for K 1 was deduced from the resulting straight line.* 
The constancy of the numbers in the seventh column shows that 
for this value of K x the results of the experiments are in good 
agreement with the theory. It is necessary from the point of view 
of this treatment that the activity of the tribromide ion should be 
considered equal to its concentration. This assumption is justified 
by the fact that the concentration of the tribromide ion is always 
low. And further, the two experiments of each pair agreed well 

* If the value of K x is calculated from the results in Table V (as it was 
in the case of the results in Table IV) without introducing the activities of 
the ions, the resulting figure is 0*105. This is in good agreement with the 
value 0*110 obtained from Table IV. , 
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with each other in every case, although the initial concentration 
of bromine, and therefore of tribromide ion, was halved in the 
second of the two. For the purpose of accurate comparison with 
Jakowkin’s results (Joe. cit.) it was necessary to recalculate, using 
activity coefficients, the value of K 1 from his figures. He gives no 
results for cases where the concentration of bromine was less than 
0*04 g.-mol. per litre, and the value of the constant tends to increase 
With increasing dilution of the bromine. For this reason, only 
those figures were considered which refer to the most dilute bromine 
solutions, and to concentrations of potassium bromide of the same 
order as those of hydrobromic acid used in the present investigation. 
The activity coefficients for potassium bromide were taken as 
identical with those for potassium chloride (Lewis and Randall, 
op. cit.). The mean value of K v in terms of the effective concen¬ 
tration or activity of bromine ion, was then calculated to be 0-048 
as compared with 0-070, the value deduced from the results in 
Table V. It follows that, like those in Table IV, the results in 
Table V agree in giving a figure for E 1 considerably higher than that 
generally accepted for pure aqueous solutions. 

Summary and Discussion. 

The reaction between bromine and formic acid has been studied 
in dilute aqueous solution, using the Ostwald isolation method. 
It is shown that formic acid is completely oxidised to carbon 
dioxide. The reaction is of the second order, but the rate is retarded 
by the hydrobromic acid produced. From a study of the separate 
effects of the hydrogen and bromine ions, it is deduced that the 
reaction takes place between the formyl ions and free bromine 
molecules, i.e., those molecules of bromine which are not combined 
with bromine ions to give the complex ions Br 3 '. It is necessary 
to give to the constant for the equilibrium between bromine mole¬ 
cules, bromine ions, and tribromide ions a value considerably higher 
than that due to Jakowkin. Jakowkin’s experiments, however, 
were performed with concentrations of bromine considerably higher 
than these used in the present investigation, and his constants 
show a regular increase with increasing dilution of bromine. 

Tta Baumi. and Teqtcty Laboratories, 

Oxtobd. [Received, August 28th, 1925.] 
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CCOLXXII .—Lactonic Esters derived from Phenacyl 
Bromide by Condensation with Ethyl Sodiomalonate 

and Analogous Substances. 

* 

By Ramoni Mohan RIy and Jnanendea Nath RIy. 

The primary object of this work, viz., the preparation of ac-sub- 
stitnted tetrahydronaphthalenes, was not achieved. 

o-Benzoylbenzoic acid is readily convertible into anthraquinone. 
It was hoped, therefore, that phenacylmalonic ester nnder suitable 
conditions would pass into a tetrahydronaphthalene derivative. 
In presence of 6% aqueous potassium hydroxide, however, the 
reaction followed another course, the lactone I (R=H) being formed, 
which gave benzoic acid on oxidation. 

OH 0 

PhC C0 2 Et ^ PhC CO (L) 

HC-CR-COgEt HC—CR'COgEt 

(R=H, Me, Et, COMe, CH 2 Ph, or CHMe 2 .) 

Lactones of type I were also formed in the reactions between 
phenacyl bromide and the sodio-derivatives of malonic, benzyl- 
malonic, isopropylmalonic, acetylmalonic, and benzoylmalonic 
esters. Varying quantities of acetophenone also were produced, 
due to reduction of phenacyl bromide. 

Phenacyl bromide, ethyl cyanoacetate, and sodium ethoxide 
reacting in molecular quantities in alcoholic solution gave ethyl 
diphe 7 iacylcyanoacetate y (COPh*CH 2 ) 2 C(CN)*C0 2 Et, but when dry 
ethyl sodiocyanoacetate (2 mols.) was heated for several hours 
with phenacyl bromide (1 mol.) suspended in dry benzene, a sub¬ 
stance, m. p. 126—127°, was obtained which is believed to be the 
mono-substitution product. This could not be converted into a 
tetrahydronaphthalene derivative under a variety q£ conditions. 

ExPEEIHEHTAIi* 

The reactions of phenacyl bromide with the following substances 
were examined. 

With Ethyl Sodiormloiriaie .—The sodio-derivative (prepared from 
0*7 g. of sodium and 5 e.c. of ethyl malonate) in cooled absolute 
alcohol (30 e.c.) was shaken vigorously with phenacyl bromide 
(6 g.). After 10 minutes, the mixture, now neutral, was poured 
into much water; by extraction with ether, ethyl phenacylmalonate 
was obtained as an oil (8 g.), d 1*2. 

The crude ester was shaken in the cold with 6% potassium 
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hydroxide solution (65 c.c.). The red, semi-solid mass that had 
separated after 12 hours was crystallised from rectified spirit, the 
lactone (I; R=H) of a-carbethoxy-y-hydroxy-y-phenyl-A^-propene- 
carboxylie acid being obtained in colourless needles, m. p. 105° 
(Found : C, 67*6. C 13 H 12 0 6 requires C, 67-2%).* 

By keeping the lactone (1 g.) for 12 hours in a minimum of cold 
alcohol saturated with dry ammonia, the corresponding amide , 
C 10 H 7 O 2 *CO*NH 2 , was obtained in long needles, m, p. 153—154° 
after crystallisation from dilute alcohol (Found : N, 7*1. C-^HgOgN 
requires N, 6*9%). 

The lactone (1 g.) was oxidised with JVyiO-sulphurie acid (50 c.c.) 
and N /10-potassium permanganate (excess) on the boiling-water 
bath. Ether extracted benzoic acid from the product after the 
usual treatment. 

With Ethyl Sodiocyanoacetate .—An alcoholic solution of the 
reactants (1 mol. of each) was heated on the water-bath for \ hour 
and then poured into water. The precipitate formed was removed 
after 12 hours; the filtrate gave nothing to ether. By fractionally 
crystallising the precipitate from 50% alcohol, ethyl diphenacyl- 
cyanoacetate , m. p. 141° (Found: N, 4*3. C 21 H 19 0 4 N requires 
N, 4*0%), was obtained together with a small quantity of a sub¬ 
stance, m. p. 125—127°. 

With Ethyl Acetyhodicnmlorbate. —Ethyl acetylmalonate was pre¬ 
pared by treating “ molecular 59 sodium (1 atom.) with ethyl 
malonate in ice-cold, dry ether and warming the mixture with acetyl 
chloride (1*25 mols.) at 33° for an hour. The product after decom¬ 
position with a small quantity of water was shaken with ether. 
The dried extract was fractionated; the portion, b. p. 125—128°/17 
mm-* was pure acetylmalonate (yield 60%). 

Ethyl acetylmalonate (4 c.c.) was added to alcoholic sodium 
ethoxide (0*46 g. of sodium in 25 c.c.); the mixture was treated 
with 4 g. of phenacyl bromide and, after a few minutes, warmed 
at 50—55° for £ hour. Ether extracted from the product, diluted 
with water, the lactone (I; R==C0-CH 3 ) of ethyl a-acetyl-y-hydroxy- 
y-phenyl-A^-propenecarboxylic acid, which crystallised from alcohol 
and ether in needles, m. p. 135—136° (Found : 0, 65*6. C^H-^Os 
requires 0, 65*7%). 

As ethyl acetylmalonate is easily decomposed into ethyl aceto- 
acetate by alkali, the compound, m. p. 119—120°, prepared from 
phenacyl broaqai&e and ethyl sodioacetoacetate was compared with 
the preceding lactoiis; it depressed its m. p. 

With Ethyl ^ was carried out as 

* Tbe lHnmdity of ihe air (cc*. 80%) Baade determinations of hydrogen 
j afesa^ impoeable. 
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in the case of ethyl sodiomalonate. The lactone produced (I; R=Et) 
crystallised from alcohol in needles, m. p. 134—135° (Found: C, 69-3. 
C 15 H 16 0 4 requires C, 69-2%). 

With Ethyl Sodiobenzylmabnate .—The lactone (I; R=CH 2 Ph) 
obtained crystallised from alcohol in flat needles, m. p. 125° (Found : 
C, 73*8 ; H, 6*2. C 20 H 18 O 4 requires C, 74*5; H, 5*6%). 

With Ethyl Sodioisopropylmalonate. —The constituents in mole¬ 
cular proportions were boiled in alcoholic solution on the water- 
bath for 1 hour. The product, on dilution with water, deposited 
the lactone (I; R=CHMe 2 ), which crystallised from alcohol in 
needles, m. p. 151° (Found: C, 69*7; H, 6*5. C 16 H 18 0 4 requires 
C, 70*1; H, 6*5%). 

Our thanks are due to Sir P. C. Ray for his interest in this work. 
College of Science, Calcutta. [Received, September Zrd , 1925.] 


CCOLXXIII .—Equilibrium in the System: 
CH 3 *C0‘0-CH 3 + H 2 0 ^ CHg’OH + CH 3 ’C(X)H. 

By George Joseph Burrows. 

From the results of experiments on the rate of hydrolysis of methyl 
acetate by acids in the presence of various amounts of water and 
acetone it appeared that the equilibrium between the ester, water, 
alcohol, and acetic acid varied considerably. Jones and Lapworth 
(J., 1911, 99, 1427) have shown that the equilibrium constant of 
ethyl acetate varied between 6 and 9 for solutions containing hydro¬ 
chloric acid, in which the ratio of molecules of water to hydrogen 
chloride varied from 6*2 to 4*6. In the case of methyl acetate, 
Berthelot and P6an de St. Gilles (Ann, -Chim, Phys. 9 1863, 68, 225) 
found that if equivalent quantities of acetic acid and methyl 
alcohol were mixed, 67-5% of each had combined at equilibrium, 
from which result K = 4*31. The value obtained from Mens- 
chutkin’s results (Annalen 9 1879, 195, 334) is J5T = 5*18, whilst 
Worley ( Proc . Boy. Soc., 1912, A, 87, 582) deduced the value 6*6 
by extrapolation for a solution containing no added catalyst. 

Results are now given for the value of K for solutions containing 
relatively low concentrations of water, and the effect of diluting the 
system with various quantities of water, methyl alcohol, and acetone 
has been studied. The acetone was added with the intention, of 
diluting the system with a substance not participating in the reaction. 
Special precautions were taken to dehydrate the alcohol, ester, and 
acetone. It has been found that the value of K is dependent not 
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only on the ratio [H 2 0]: [HC1], but also on the amount of methyl 
alcohol or acetone present in the solution. Only for solutions con¬ 
taining a large excess of methyl alcohol is K in the neighbourhood 
of 4: in all other eases it is considerably greater. For solutions 
containing approximately equal amounts of water and ester, in 
which the ratio of molecules of water to hydrogen chloride is not 
greater than 7 to 1, K is greater than 12. As the amount of water 
relative to hydrogen chloride is increased, the equilibrium constant 
decreases, approaching 7 as the limiting value for a solution in 
which the ratio [H 2 0]: [HC1] is about 1000. The value of K is also 
decreased by the addition of acetone to the solution, the effect being 
smaller than that observed when the system is diluted with excess of 
water. 

A considerably greater effect is observed when the system contains 
a large excess of methyl alcohol. Thus for a solution in which the 
ratio [HC1] to [H 2 0] to [CH 3 *OH] was 1 to 7*8 to 2*2, K was 11*92, 
whereas the values 5*87 and 4*34, respectively, were obtained for 
solutions in which the ratios were 1 to 9*6 to 32*6 and 1 to 625 to 
2639. 

This displacement of the equilibrium by hydrogen chloride 
indicates that the latter alters the activity of one or more of the 
reactants so that the total concentrations of water, methyl acetate, 
acetic acid and methyl alcohol found at equilibrium in the usual 
way are in reality not the concentrations actually participating in 
the equilibrium. At present it is not possible to state what fraction 
of each of the substances is rendered inactive in this way, but 
the results recorded here are capable of explanation by such a 
theory. It is now definitely established that in a solution of hydrogen 
chloride in water, only a portion of the hydrogen chloride and water 
molecules are in an active condition. Thus from electromotive- 
force or vapour-pressure measurements of a series of such mixtures 
one can calculate the activity of water in the presence of different 
amounts of hydrogen chloride. The figures in the seventh column 
in Table I, taken from the results of Dobson and Masson (J., 1924, 
125, 671), represent the fraction of the water molecules in each 
particular solution that are in the active condition. The figures in 
lie eighth column are obtained by multiplying K by the “ water 
activity ” in each case, and it will be seen that these numbers are 
constant and equal to about 7. This would indicate that the con¬ 
centration of water participating in the equilibrium is the same as the 
active wbwWoq foimd from vapour-pressure measurements. 
Ri^ermore, the constancy of this product points to the fact that, 

ies, the effect of the 
is due almost entirely 
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to its effect on the activity of the water. There can he no doubt 
that the catalyst affects to some extent the activity of the other 
reactants, but it would appear from these results that this effect is 
negligible in comparison with the effect on the water, or else the 
individual effects on the ester, alcohol, and acetic acid neutralise 
one another or have a constant value in these cases. 

Figures are not available for the effect of hydrogen chloride on 
the activity of these three substances. McBain and Kam (J., 1919, 
115,1332) have recorded results for the vapour pressures of mixtures 
of water and acetic acid at the boiling point, with and without the 
addition of neutral salts. These authors concluded from their 
results that 6 4 many salts enhance the partial vapour pressure of 
acetic acid in aqueous solution by very appreciable amounts. The 
undissociated acid must be regarded as exhibiting enhanced chemical 
potential in the presence of such salts. 59 The increase in the partial 
pressure is proportional to the concentration. 

The results given in Tables VI and VII can be explained, at least 
qualitatively, on the assumption that the addition of hydrogen 
chloride to an aqueous solution of acetic acid has an effect oij. the 
activity of the molecules of the latter similar to that resulting from 
the addition of a neutral salt. The addition of a large excess of 
methyl alcohol to the system under discussion results in a marked 
decrease in the value of K. But an increase in the concentration of 
methyl alcohol relative to hydrogen chloride corresponds to a decrease 
in the concentration of acetic acid relative to hydrogen chloride, 
i.e., to an increase in hydrogen chloride relative to acetic acid. The 
observed decrease in K with increasing alcohol concentration can 
thus be explained on the assumption that it results from an increase 
in the activity of the acetic acid under these conditions. At present 
it is not possible to treat the subject quantitatively, but experiments 
are now in progress from which it is hoped to determine the actual 
effect of hydrogen chloride on each of the reactants in a system 
such as this. 

Experimental. 

Freshly distilled methyl acetate mixed with the desired quantity 
of water and hydrochloric acid was kept for 2 or 3 days in a stoppered 
ffask, until the mixture had become homogeneous. The weight 
of hydrogen chloride in a given weight of the acid used was previously 
determined. Small quantities of this stock solution were then mixed 
with various amounts of water, acetone, methyl alcohol, or methyl 
acetate, and sealed in hard glass tubes which had previously been 
steamed and dried. All quantities of the different liquids were 
weighed. The liquids used were purified and dehydrated by 
suitable means and tbeir purity was ascertained by boiling point 
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and density determinations. The acetone and methyl alcohol 
were dehydrated with metallic calcium. The methyl acetate was 
freed from acid by means of sodium carbonate and dehydrated with 
calcium chloride. It was then distilled, the middle portion of the 
distillate being used in these experiments. A sample treated in 
this way was hydrolysed with barium hydroxide solution, and the 
amount of methyl acetate found was 99*7% of the theoretical. 

The tubes containing the different solutions were kept in a 
thermostat at 25-0° for different intervals of time, varying from 2 
to 10 weeks, according to the amount of hydrochloric acid present. 
The tubes were then opened under neutral sodium acetate solution, 
and the amount of acetic acid was determined by titration with 
barium hydroxide solution. Blank experiments were performed 
which showed that the solutions had no determinable effect on the 
glass tubes. 

The figures given in the following tables represent the number of 
gram-molecules of the different substances present at equilibrium. 
The values of the equilibrium constant were calculated from the 
equation K = [AcOMe][H 2 0]/[AcOH][MeOH]. 

The effect of hydrogen chloride on the equilibrium constant is 
shown by the results in Table I. Tor the first four experiments, in 
which the amount of water was comparatively small, K is much 
larger than is the case for the solutions for which the ratio [H 2 0]: [HC1] 
was high. As stated above, the products of these high values of 
K and the “ water activity ” are approximately constant. 


Table I. 





[AcOH]= 



Water 


[HQ] 

[AcOMe] 

[H*0] 

[MeOH] 

[H.O]. 


activity, 


X 10 8 . 

X 10 3 . 

X 10 3 . 

X 10 3 . 

[HCi] 

K. 

a. 

Ka, 

5-57 

84-86 

31-14 

14-36 

6-82 

12-82 

0-525 

6*8 

4*245 

44-57 

31-84 

10-80 

7-50 

12*17 

0-56 

6-8 

4-49 

34-10 

34*74 

9-935 

7-74 

12-01 

0*57 

6-8 

4-59 

34-00 

35*96 

1013 

7-83 

11-92 

0-58 

6-9 

4-53 

24-81 

135-7 

19-65 

30-0 

8-721 

1 


5-01 

2*76 

261-6 

9-565 

52-2 

7-89 



0*446 

32-44 

36*8 

12-33 

82-5 

7-85 

r* 


0-444 

25-14 

113-6 

19-40 

255-9 

7-59 



0-0576 

19-65 

27-80 

8-667 

482-7 

7*27, 




* Accurate figures for the value of the “ water activity ” in dilute solutions 
are not available, but by interpolation from the other values the activity 
in these five cases is found to vary from about 0*9 to I. The product K x 
•“ water activity ” for these dilute solutions is therefore approximately 7, 

In the next seties cl expetiments tiie effect of diluting the system 
•wjih aoetpne -was gfeudfed- Hie results are in Tables II, HI, 
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Table II. 


[Ha] 

[AcOMe] 

[H*0] 

[AcOH]=[MeOH] 

r—i 

o 

o 

& 


X 10 3 . 

X 10 s . 

X 10 s . 

X 10 s . 

X 10®. 

K. 

4-49 

34*10 

34-74 

9-935 

_ 

12-01 

4-53 

34*34 

35-00 

10-17 

8-00 

11-63 

4*48 

33*78 

34-44 

10-14 

21-1 

11*32 

4*48 

33-64 

34-30 

10-31 

53-7 

10-85 

4*49 

33-61 

34-27 

10*43 

79*7 

10-60 

1*34 

9*85 

10-05 

3-147 

106-0 

9-99 


The ratio [H 2 0]: [HC1] is nearly constant throughout the above 
series and is equal to 7-7. 


Table III. 


LHC1] 

[AcOMe] 

[H a O] 

[AcOH] — [MeOH] 

O 

o 

1 _ 1 


x 10*. 

X 10 3 . 

X 10 3 . 

X 10 3 . 

X 10 3 . 

K. 

4-59 

34-00 

35-96 

10-13 

_ 

11-92 

4*59 

33-86 

35-83 

10-32 

14-3 

11-4 

4*54 

33-25 

35-18 

10-43 

30*0 

10-75 

4-49 

32-81 

34-74 

10-38 

53-4 

10-58 


Although the results in these two tables are very similar, they 
represent two distinct sets of experiments, the solutions being 
prepared from entirely different samples. 


Table IV. 


[HCl] 

[AcOMe] 

[H a O] 

[AcOH]=[MeOH] 

[Me 2 CO] 

K. 

X 10 3 . 

X 10 3 . 

X 10 3 . 

X 10 3 . 

X 10 3 . 

0-446 

32-44 

36-80 

12-33 

.— 

7-85 

0-444 

32-21 

36-57 

12-33 

8*26 

7-75 

0-391 

28-28 

32-12 

10-91 

2-52 

7-63 

0-446 

32-12 

36-47 

12-64 

16*0 

7*33 

0-446 

32-02 

36-40 

12-75 

29-2 

7*17 

0*444 

31-82 

36-18 

12-79 

38-8 

7-04 

0-445 

31*82 

36-19 

12-83 

47-2 

7-00 


The ratio [H 2 0]: [HC1] in this case is 81. 

The results in these three tables show that the presence of 
acetone decreases the value of the equilibrium constant, but when 
the ratio [H 2 0]: [HC1] is low the effect is less than that caused by 
the addition of the same number of molecules of water to the system 
(Tables II and III), whereas it is apparently greater in the case of a 
solution in which there is a great excess of water over hydrogen 
chloride (Table IV). In the former case, a solution containing 7*7 
molecules of water and 79 of acetone to 1 of hydrogen chloride gives 
a value for K equal to 10, whereas a solution containing 86 molecules 
of water to 1 molecule of the acid would have a value of 7*8. In the 
latter case, however, the value for a solution containing 80 molecules 
of water and 106 of acetone to 1 of hydrogen chloride is less than that 
for a solution containing 186 molecules of water. 
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The effect of increasing the concentration of methyl acetate is 
shown by the results in Table V; K increases slightly with increasing 
concentration of ester. 


[HC1] 

X 10 3 . 

[AcOMe] 

X 10 s . 

Table V. 

[HjO] [AcOH]=[MeOH] 

X 10 s . X 10 s . 

K . 

4-59 

34*00 

35*96 

10*13 

11*92 

4-25 

44*57 

31*84 

10*80 

12*17 

4*64 

64*61 

33*42 

13*22 

12*36 

4-56 

79*88 

31*61 

14*08 

12*74 


The effect of adding methyl alcohol to the system is shown by the 
results in Tables VI and VII. 


Table VI. 


[HCI] 

[AcOMe] 

[H*0] 

[MeOH] 

[AcOH] 

[MeOH]: [HCI]. 


X 10 s . 

X 10 s . 

X 10 s . 

X 10 s . 

X 10 s . 

K. 

4-68 

34*00 

35-96 

10*13 

19*13 

2*2 

11*92 

4-57 

38*45 

40-37 

33*57 

5*51 

7*3 

8*39 

4-59 

40*34 

42-30 

63*16 

3*794 

13*8 

7*12 

4-60 

42-13 

44-08 

149*4 

2*118 

32*6 

5*87 


In this series the ratio [H 2 0]: [HCI] increases from 7-7 to 9'6. 


Table VII. 


[HCI] 

[AcOMe] 

[H*0] 

[MeOH] 

[AcOH] 

[MeOH] : [HCI]. 

K. 

X 10 s . 

X 10 s . 

x io 3 . 

X 10 s . 

X 10 s . 

0*0576 

19*65 

27*80 

8*667 

8*667 

150*5 

7*27 

0*0576 

2603 

34*22 

79*20 

2*418 

1375 

4*65 

0-0576 

27*63 

36*02 

152-0 

1*51 

2639 

4-34 


In this series the ratio [H 2 0]: [HCI] increases from 483 to 625. 

The usually accepted value for the equilibrium constant was 
found only in the last two experiments of this particular series. It 
is concluded, from the results given in the last column of Table I, 
that the true equilibrium constant corrected for the effect of hydrogen 
chloride is 7, and that the low results given in Table VII are due to 
the effect of the hydrogen chloride on the acetic acid, just as the 
high values of K in Table I are attributable to its effect on the 
activity of the water. 

Hie author is indebted to the MeCaughey Research Fund Com¬ 
mittee for a grant to defray the expense of this investigation. 

THH VswBBHEFr, Stonhy. [Received, September 16th, 1925.] 
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CCCLXXIV.— Synthesis of 2:3:5 (or 2:3: ^-Tri- 
methyl Glucose.* 

By James Colquhoun Irvine and John Walter Hyde 

Oldham. 

Recent developments in the constitutional study of carbohydrates 
demand that, from time to time, the structure of the simple methyl¬ 
ated sugars utilised as reference compounds in such work should 
be brought under review. In the present case, we have selected 
'2:3: 5-trimethyl glucose for further examination, as this sugar 
is the key to the constitution of both maltose and P-glucosan, and 
acquires further importance in connexion with the chemistry of 
starches. Obviously the significant feature of this particular form 
of trimethyl glucose is the non-reducing hydroxyl group, as the 
identification of its position indicates the linkage of the two glucose 
residues in maltose and also the attachment of the anhydro-ring 
in P-glucosan. In order to give a clear view of the present position, 
it may be recalled that 2:3: 5-trimethyl glucose was first obtained, 
in the form of the corresponding methylglucoside (Purdie and 
Irvine, J., 1903, 83, 1021; Purdie and Rridgett, ibid., 1037) by 
methylating methylglucoside in the presence of excess of methyl 
alcohol. The free sugar was also studied by the above workers, 
who converted it into 2:3:5: 6-tetramethyl glucose and tentatively 
ascribed to it the structure still in use. Their views were after¬ 
wards supported by Irvine and Dick (J., 1919, 115, 593), who 
showed that, on oxidation by nitric acid, the sugar is converted 
into a trimethyl saceharo-lactone. This observation was con¬ 
firmed by Haworth and Leitch {ibid., 809), who isolated the same 
sugar from fully methylated maltose, and by Irvine and Oldham 
(J., 1921, 119, 1744) in studying the structure of p-glucosan. 
Although there seemed no reasonable doubt that the methylated 
glucose in question was correctly formulated, the evidence obtained 
by subjecting sugars to the oxidising action of nitric acid should 
not be accepted as final so long as other and more diagnostic tests 
are available. The divergent results obtained by Irvine and Hogg 
(J., 1914, 105, 1386) and by Levene and Meyer (J . Biol. Chem 
1922, 54, 805) in oxidising monomethyl glucose by means of nitric 
acid may be quoted in illustration of this point. 

The constitution of 2 :3: 5-trimethyl glucose has now been 

* In a letter to Nature, 19th. September, 1925, Haworth states that he 
has obtained evidence leading to the conclusion that normally the oxidio 
ring in glucose couples positions 1 and 5. Should this be substantiated; the 
methylated glucose which forms the subject of the present communication 
should be indexed as 2 •. 3 :4-trimethyl glucose. 
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confirmed by the following synthetical scheme, which was designed 
to produce a methylated glucose with unsubstituted hydroxyl 
groups definitely in the terminal positions 1 and 6. 

Stage I. Triacetyl glucosan was converted by Karrer’s process 
into triacetyl dibromoglucose, identical with that previously 
obtained by Fischer from penta-acetyl glucose. 

Stage II. The above dibromo-derivative, when treated with 
methyl alcohol in the presence of silver carbonate, gave triacetyl 
methylglucoside bromohydrin, and the subsequent reactions were 
therefore designed to replace acetyl by methoxyl and thereafter to 
introduce the hydroxyl group in place of bromine. 

Stage III. The acetyl groups were removed by the action of 
alcoholic ammonia, giving methylglucoside bromohydrin. It may 
be mentioned that, although the physical constants were other¬ 
wise in good agreement, the melting point of this compound was 
found to be several degrees higher than that quoted by Fischer. 

Stage IV. Methylation of methylglucoside bromohydrin under 
conditions which would have the minimum effect on the bromine 
atom was achieved by the silver oxide reaction and gave a mixture 
of (a) trimethyl methylglucoside bromohydrin (80%) and (6) the 
corresponding enolic anhydride (20%). From this mixture, pure 
trimethyl methylglucoside bromohydrin was isolated. 

Stage V. The above compound, when heated at 150° with 
alcoholic potassium acetate, gave a 72% yield of pure crystalline 
trimethyl ^-methylglucoside identical with that obtainable from 
the form of trimethyl glucose which is the subject of the investig¬ 
ation. This result supplies the evidence required. 

In the glucoside finally obtained, the hydroxyl group occupies 
the position of the bromine atom in triacetyl methylglucoside 
bromohydrin. As Fischer succeeded in reducing the latter to 
triacetyl methylisorhamnoside (Ber., 1912, 45, 3761), the group 
is therefore in the 6-position. In consequence, the methyl groups 
in the corresponding sugar must be in positions 2, 3, and 5. 
Although we are unwilling to attach undue importance to colour 
teste, the proof is strengthened by the following considerations* 
In the glucose molecule positions 1, 2, 3, and 5 are occupied by 
secondary alcohol groups, and the only primary alcohol group is 
in the 6-poeition. If, therefore, the vacant hydroxyl group in a 
trimethyl methylglucoside is primary, the corresponding nitro- 
derivatave should give a red colour by Meyer’s test ; otherwise a 
blue solution willresult, Trimethyl methylglucoside bromohydrin 
was therefore converted into the corresponding iodohydrin, which 
Was teaaslormed with some difficulty into #mononitro-trimethyl 
me&ylgiucoeide. This, ontreatmestwith nitrous acid, gave, as 
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expected, the characteristic red colour similar to that obtained 
from nitromethane. 

In verification of our former work on (3-glucosan we have repeated 
the conversion of this anhydroglucose into trimethyl glucose and 
subjected the sugar to the following successive operations: 

I. Acetylation, giving trimethyl glucose diacetate. 

IT. Bromination, by the action of hydrogen bromide in glacial 
acetic acid, giving trimethyl acetyl glucose bromohydrin. 

III. Action of sodium methoxide, giving trimethyl (5-methyL 
glucoside. 

The methylated glucoside finally isolated was identical with that 
obtained in the synthetical processes already synopsised, thus 
confirming that (3-glucosan is 1 : 6-anhydroglucose. In order to 
render the scheme of reactions intelligible the various changes 
involved in the two alternative methods of producing 2:3: 5-tri¬ 
methyl methylglucoside may be represented structurally: 


I. From Penta-acetyl Glucose or from Triacetyl Glucosan. 
rQHBr 
4 CH-OAc 
\ (JH’OAc 
L CH ^ 

CH-OAe 

Stage I. CHoBr Stage II. 


Penta-acetyl 
glucose or 
Triacetyl 
glucosan 


'£ 


CH-OMe 
OH-OH 
/ CH-OH 
L oh 
CH-OH 
Stage m. CH 2 Br 


80 % 


p CH-OMe 
f CH-OMe 
^CH-OMe 

IjjH-OMe 
T. CH 2 Br 


pCH--1 

t CH-OH 
0 V H-OH 
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The collective results may be compressed into the statement that 
dibromotriacetyl glucose, maltose, and glucosan are all convertible 
into the same form of trimethyl glucose. 

We are engaged in attempts to synthesise other partly methyl¬ 
ated sugars and, the isomeric distinction between 2:3:5- and 
2:3: 6-trimethyl glucose having now been established, the results 
will be utilised in forthcoming papers from this laboratory. 

Experimental. 

The following account of experimental procedure is limited to 
the synthetical reactions described in the introduction. Other 
reactions to which reference is made were carried out by methods 
which are now standardised, and their description is therefore 
omitted. 

Triacetyl Dibromoglucose from Triacetyl ^-Glucosan .—The method 
recommended by Karrer (Helv. Ghim. Acta , 1922, 5, 124) was 
adopted, minor variations being introduced, as the reaction, which 
is most successful when small quantities of material are manipul¬ 
ated, requires careful control. Triacetyl (3-glucosan (in lots of 5 g.) 
was heated on a boiling water-bath with phosphorus pentabromide 
(8*5 g.), the flask being fitted with a ground-in condenser. When 
effervescence had nearly ceased, the contents were poured into 
finely-crushed ice and thoroughly disintegrated by a glass rod. 
Similarly, the residue in the fiask was mixed as rapidly as possible 
with small pieces of ice until all halides of phosphorus had been 
destroyed. Bise of temperature must be avoided in these operations. 

The fine white powder resulting from several experiments was 
united, washed with water until free from phosphoric acid, and 
thereafter with absolute alcohol until the washings were nearly 
colourless. Purification was effected by dissolving in a small 
quantity of chloroform and precipitating with light petroleum. 
The yield of crystalline product (m. p. 173°), including the material 
obtained from the mother-liquors, averaged 50% of the theoretical 
amount. As the rotation of the compound does not appear in the 
literature, the following values were determined: 

Solvent. c. [a] D . 

...............1..,*,.. . 1*537 -f 189*9° 

Oiaeiai acetie acid .... 1*256 -f 185*9 

G&mersion of Triaceiyl IHbromoglucose into Triacetyl Methyl- 
Tliis reabctioix was carried out exactly as 
^ Kseher {Ber., 1902, 35, 857; 1920, 53, 873), the 

yield of glucoside bemgneaiiy quantitative; after recrystallisation 
Iran absolute alcohol, the product melted at 126—127°. As in 
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this case also no optical data appear to have been published, the 
specific rotation in the following solvents was determined: 


Solvent. 

c. 

Ms- 

Chloroform . 

3*012 

— 1*4 

Methyl alcohol . 

. 3*014 

-3*1 

Glacial acetic acid . 

. 3*006 

-2*7 


Methylglucoside Bromohydrin .—The acetylated methylglucoside 
bromohydrin obtained as above was dissolved at room temperature 
in methyl alcohol containing 5—10% of ammonia so as to form 
a 5% solution. It is unnecessary to saturate the liquid with 
ammonia as stated by Fischer and the use of a dilute solution 
enables the end-point of the reaction to be determined polari- 
metrically. When the specific rotation had diminished to — 19*3°, 
the product was isolated by evaporating to dryness and extracting 
with chloroform to remove acetamide. The yield of crude bromo¬ 
hydrin was nearly quantitative, and after recrystallisation from 
ethyl acetate, the compound melted and decomposed at 153—154° 
in place of 148° as quoted by Fischer. In aqueous solution, under 
conditions identical with those used by Fischer, the specific rotation 
was — 33-6°, the literature value being — 34*9°. 

Tribenzoyl methylglucoside bromohydrin has no direct bearing 
on the main investigation, but reference may be made to it. The 
normal procedure was followed, the bromohydrin being acted on 
by a slight excess of benzoyl chloride dissolved in pyridine. The 
product was brought into solution in a minimum of glacial acetic 
acid, and the pure tribenzoate precipitated by addition of absolute 
alcohol: m. p. 160—162°; [a] B in chloroform — 5*0° for c = 2*413; 
needles, insoluble in water and light petroleum, and readily soluble 
in organic solvents with the exception of alcohol and ether. 

Trimethyl Methylglucoside Bromohydrin. —For the particular 
object in view, alkylation by silver oxide and methyl iodide is the 
only method applicable to methylglucoside bromohydrin. The 
usual procedure was followed, methyl alcohol being added during 
the first methylation. After four successive treatments, the refrac¬ 
tive index was constant and the liquid product was distilled, a 
mobile syrup being obtained (b. p. 140°/1 mm.; %> 1*4720; [a] D 
in methyl alcohol — 20*5° for c = 1). Examination showed that 
at least two compounds were present, one of them containing no 
bromine. This constituent was present to the extent of 20% 
and was evidently dimethyl anhydromethylglucoside (Found : 
C, 42*7; H, 6*7; OMe, 41*7; Br, 21*3. Calc, for trimethyl methyl¬ 
glucoside bromohydrin, C, 40*1; H, 6*35 ; OMe, 41*4; Br, 26*7%. 
Calc, for a mixture of 80% of the above with 20% of trimethyl 
anhydromethylglucoside, C, 42*7; H, 6*6; OMe, 42*2; Br, 21*3%). 






2734 synthesis of 2:3:5 (or 2:3: 4)-trimethyIi glucose. 


The close agreement with the experimental figures, particularly 
the result of bromine determinations, confirms the composition 
ascribed to the mixture. The constituents were separated by 
solution in ether and repeated extraction with water, a process 
which completely removed dimethyl anhydromethylglucoside. 
After evaporation of the ether the residual syrup was fractionated 
in a high vacuum, giving a liquid distillate which slowly crystallised. 
Owing to the ready solubility of the compound in all solvents with 
the exception of water, no suitable recrystallising medium could 
be found but, after spreading on a tile, the crystals were hard 
and crisp m. p. 24°; n d 1*4735; in acetone — 5*8° (e = 3*851), 
in methyl alcohol — 4*7°, in benzene — 7*7°, in chloroform —3*5° 
(Found : C, 40*3; H, 6*3; OMe, 41*3; Br, 27*2. Trimethyl 
methylglucoside bromohydrin requires C, 40*1; H, 6*35; OMe, 
41*4; Br, 26*7%). 

Hydroxylation of Trimethyl Methylglucoside Bromohydrin .—Pre¬ 
liminary experiments having shown that both aqueous and alcoholic 
sodium hydroxide react with the bromohydrin, eliminating hydrogen 
bromide and giving unsaturated derivatives, the hydroxylation 
was effected by means of potassium acetate. A 3% solution of 
the bromohydrin in methyl alcohol was heated with excess of 
potassium acetate at 150° for 3 days, during which the lsevorotation 
increased greatly. The crude product, on isolation in the usual 
manner, was obtained in nearly quantitative amount but was 
contaminated with an unsaturated impurity. On keeping, how¬ 
ever, the syrup solidified and, after draining on a tile and recrystallis¬ 
ing from light petroleum, a 72% yield of pure trimethyl (3-methyl¬ 
glucoside was obtained in characteristic crystals. The melting 
point was 93—94°, a value which was unaffected when the material 
was mixed with an authentic specimen of the compound. The 
specific rotation also was in close agreement ([a] D in chloroform 
— 11*9° for c = 1*084). It was ascertained that owing to the 
alkalinity of potassium acetate the above hydroxylation was 
accompanied by a side-reaction giving rise to an unsaturated 
compound; this is being further examined. 

Trimethyl Methylglucoside lodohydrin. —The general method 


described, by Finkelstein (Ber, } 1910, 43, 1528) was employed, a 
solution of trimethyl methylglucoside bromohydrin in acetone 
being heated at 100° for 6 hours with twice the theoretical amount 
of iodide. After removal of the acetone, the residue was 

femes with ether and the united extracts were 
sodium. thiosulphate solution, ■. allowed to 
socfisun sulphate, and evaporated to dryness. The 
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melted at 31—34°. Owing to the excessive solubility in all solvents 
except water, no recrystallising medium could be found, but the 
compound was evidently pure (Found : OMe, 36*1; I, 36*5. Calc., 
OMe, 35*8; I, 36*7%; %> 1*4992; [a] D + 8*6° in chloroform for 
c = 3*637, + 4*1° in acetone for c = 3-897, and + 6*5° in methyl 
alcohol for c = 4*221). 

Trimethyl methylglucoside iodohydrin was converted into the 
corresponding nitro-compound by heating with dry silver nitrite 
at 100° for 2 days. After distillation under diminished pressure 
the nitro-derivative was isolated in the form of the sodium salt 
by the addition of the calculated amount of sodium methoxide 
dissolved in methyl alcohol. On removal of the solvent, the 
salt was dissolved in dilute sulphuric acid, and the solution extracted 
with ether. After being washed with sodium thiosulphate solution 
to remove a trace of iodine, the ethereal layer was dried and evapor¬ 
ated, and the mononitro-trimethylglucoside isolated by distillation 
as a colourless syrup (n D 1*4603). Beyond cheeking the methoxyl 
content (Found: OMe, 46*4. Calc., OMe, 46*7%), the compound 
was not fully analysed, as it was prepared solely for the purpose 
of carrying out the colour test with sodium nitrite and dilute 
sulphuric acid. This treatment gave a bright red solution, free 
from any shade of blue and, whilst the colour was not so intense 
or so lasting as that obtained under parallel conditions with nitro- 
methane, the result was characteristically positive. 

The thanks of the authors are due to the Carnegie Trust for a 
Fellowship which has enabled one of them to take part in the 
work. 

United College or St. Salvator and St. Leonard, 

University of St. Andrews. [Received, October 1th, 1925 .] 


CCCLXXV .—Glycerol Qlucoside * 

By Hebeb Simpsob Gilchbist and Ouefobb Bubbotjgh Ptjbves. 

Few condensation reactions between reducing sugars and poly- 
hydric compounds of simple type have been studied, possibly owing 
to the difficulty of producing such compounds and of purifying 
them when formed. As, in the case of glucose and glycerol, con¬ 
densation leads to a type of compound which may be regarded as 
analogous to a carbohydrate fat and is of physiological interest, 
we have taken up the investigation of this subject. 

Glycerol glucoside, which was originally described by Fischer 
(Ber. } 1894, 27, 2483), has now been obtained on the large scale 
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by an improved process. The older method, involving as it does 
the saturation of a glycerol solution of glucose with hydrogen 
chloride, is tedious, but the same compound is more readily obtained 
by limiting the aeid concentration to 0-25% and heating at 100°. 
The product in each case is a syrup possessing the properties of a 
glucoside, but no information bearing on the composition or struc¬ 
ture of the compound has hitherto been available, and it was 
unknown to which type the glucose residue belongs or to which 
part of the glycerol molecule it is attached. These questions have 
been solved by inethylation, which yielded hexamethyl glycerol 
glucoside as a colourless, volatile liquid, b. p. 190—192°/12 mm. 
Hydrolysis thereafter yielded 2:3:5:6-tetramethyl glucose 


Fig. 1. 


3 Grama of glucose dissolved in 80 c.c. of glycerol. 



together with a dimethyl glycerol which was shown to be ccp-di- 
methoxy-y-hydroxypropane. From these results, the constitution 
of the parent glucoside is established to be: 

CH a {OH)-GH(OH)<3H*CH(OH}*CH(OH)-CH*0*CH 2 -CH{OH)-CH 2 -OH. 

. 1 -O-1 

The compound, as prepared, is a mixture of a- and [3-forms and 
the optical values determined on hydrolysing the methylated 
derivatives show that glycerol y-glucosides were present only in 
small amount, the limits in different preparations being 1*95 and 
0*9!%, The research was accordingly extended by varying the 
co nden sation, the changes in rotation which take 
place when glucose is dissolved in glycerol containing hydrogen 
Ghkaride being utilised to study the reaction. The concentration of 
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the sugar in no ease exceeded 6% by weight of the glycerol employed 
and solutions containing more than 3% by weight of the acid were 
not examined. These limitations were found to be necessary, as, 
when exceeded, the high viscosity or the depth of colour resulting 
made polarimetric observations uncertain. For the same reason 
the experiments were carried out at room temperature. 

In Fig. 1 the rotations observed for the condensation of glucose 
with glycerol are plotted against time. An unexpected feature, 
which comes to light, is that the minimum rotation does not appear 

Fig. 2. 


Solutions contain 80 c.c. of glycerol and 1*5 grams of hydrogen chloride . 



to depend on the amount of hydrogen chloride present. The 
reaction product in each case was the glycerol glucoside described 
above, as shown by the identical behaviour on methylation and 
subsequent hydrolysis. It was also found that on long standing 
the optical activity of an acid solution of glucose in glycerol reverts 
approximately to its original value, apparently owing to the con¬ 
densation being reversed as a result of secondary reactions between 
the solvent and the acid. The slow speed of the condensation led 
to the investigation being extended to cases where glucose and 
fructose were dissolved in acid glycerol with the view of ascertaining 
if, under these conditions, the two sugars combined in whole or hi 
: ■ '' VOD. CXXYII. : 
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part. In this connexion it was necessary to perform a series of 
control experiments with solutions in glycerol of fructose alone. 
In A (Fig. 2) the specific rotation of fructose dissolved in glycerol 
containing 1-5% of anhydrous hydrogen chloride is plotted against 
time; the behaviour of glucose under the same conditions is shown 
in B (Fig. 1), while in 0 the ordinates are the algebraic mean of 
the corresponding ordinates in A and B. The latter curve predicts 
the behaviour of solutions containing both glucose and fructose, 
assuming that the sugars do not react with each other, and the 
actual experimental observations are summarised in D. The 
values obtained tend to be more Isevorotatory than the calculated 
values, and this was general for all concentrations of the acid reagent 
employed. Eventually it was found that this discrepancy was due 
to the varying quantities of water formed by the condensation of 
the sugars with the solvent and to the effect this produced in the 
optical activity of fructose solutions. E records the observations 
made on a solution of fructose in glycerol which had not been 
rendered anhydrous, whilst in the experiment represented by F 
the amount of water has been reduced by restricting the total 
concentration of sugars present in the solution to 3%. The close 
agreement of F with C indicates that, under the experimental 
conditions outlined, the behaviour of glucose is not affected by 
the presence of fructose. This conclusion was supported by the 
results obtained from an estimation of the reducing power of the 
above systems. For concentrations of the sugars up to 3% by 
weight, the percentage loss in reducing power was found to be 
independent of the concentration. It therefore follows that, in a 
solution containing both sugars, condensation of one sugar with 
the other will cause the total reducing power of the mixture to be 
less than the sum of the reducing powers of the individual sugars. 
No such diminution was recorded, although the degree of accuracy 
was such that condensation even to the extent of 5% would have 
been readily detected. Taking the combined results into con¬ 
sideration, it is unlikely that glucose or fructose can combine in 
hydroxylic solvents or that reactions involving the condensation 
of glucose ami glycerol play a part in natural processes. 

A& akeady indicated, it has proved necessary for the purposes of 
the research to ascertain which isomeric form of dimethyl glycerol 
m when hexamethyl glycerol giucoside is hydrolysed, and 

i tedste M the complete series of methylated glycerols 

should be standardised in view of future work in natural glycerides. 
The ' : |®this laboratory for determining the 
<x>nstituticni of carbohydrates are equally applicable to thestrue- 
iura l problems of the natural fats, inchiding the mixed glycerides. 
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Methylation of partly hydrolysed fats followed by hydrolysis should 
give partly methylated glycerols the constitution of which would 
lead directly to that of the parent compound. As a-methyl glycerol 
has already been fully described (J., 1915,107, 337), this compound 
has not been re-examined, but we have prepared aft-dimethyl 
glycerol by the action of sodium methoxide on allyl alcohol dibromide 
and determined the constants of the pure liquid. In order further 
to characterise the compound, it has been used as a solvent in 
which the specific rotation of active solutes was determined. As 
an additional method of identifying the ether it was converted 
into y-benzoyl- aft-dimethyl glycerol and aft-dimethyl glycerol 
malate, of which the constants were determined. Attempts to 
prepare ay-dimethyl glycerol led to a confusing result. According 
to Smith (Z. fhysikal . Chem 1918, 92, 717), the product of the 
action of hydrochloric acid on epichlorohydrin contains nothing 
but the pure ay-compound. The ay-diehlorohydrin prepared by 
this method gave, however, on treatment with sodium methoxide, 
a dimethyl glycerol which in all respects was identical with the 
aft-dimethyl glycerol described above. The identity was apparent, 
not only in the ethers, but also in the benzoates and malates pre¬ 
pared from them. Advantage was taken of the fact referred to 
above that liquid isomerides may frequently be distinguished by 
the effect they produce on the rotation of active compounds dis¬ 
solved in them. In this respect also no distinction could be made 
between the compounds. 

Comparison of Dimethyl Glycerols . 

n»oi [a]Jf of 
B. p. n D . benzoate, malate. 

a/J-Dimethyl glycerol ... 69*5—70*5°/I5 mm. 1-4219 1-5075 —10*48° 

Presumed ay-dimethyl 

glycerol . 70*5—71*5°/18 mm. 1*4219 1*5075 -10*60 

Solvent., Solute* [a] D . 

aft-Dimethyl glycerol Ethyl tartrate 4- 11*22° 

tty* 99 99 99 99 4 ~ 11*19 

a£- „ ,, Nicotine —152*94 

ay- 99 99 99 —153*44 

Comparison of the above data leaves no doubt that the com¬ 
pounds are identical and not isomeric. It has not yet been ascer¬ 
tained whether, in this instance, the action of sodium methoxide 
causes migration of the methyl groups, but the following result 
suggests that Smith’s ay-dichlorohydrin is interchangeable with the 
aft-isomeride. It was expected that ft-monomethyl glycerol could 
be obtained from ay-dichlorohydrin, which when subjected to 
methylation by the silver oxide reaction yielded a monomethyl 
dichlorohydrin. In such a compound, the halogen atoms would 
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presumably occupy the ay-positions, but on heating with an aqueous 
alcoholic solution of potassium Acetate followed by hydrolysis of 
the acetyl groups the a-monomethyl glycerol described by Irvine 
and Macdonald {he. cit.) was obtained. The result is comparable 
■with that recorded by Fischer (Ber., 1920, 53, 1625), who* starting 
from y-iodo-aP-distearyl glycerol, replaced halogen successively 
by acetyl and hydroxyl and obtained, not ap-distearyl glycerol, 
but the ay-isomeride. 

Trimethyl glycerol was prepared by the continued action of 
methyl sulphate in alkaline solution on glycerol at 70°. The 
product formed a constant-boiling mixture with water which 
distilled at 92°, whilst the distillate formed a homogeneous system 
with ether. The pure compound was a mobile liquid, b. p. 148°/ 
765*4 mm., = 1*4069. Ethyl tartrate dissolved in trimethyl 
glycerol gave [a]® = + 5*99°. 

Experimental. 

Preparation of Glycerol Glucoside .—A 5% solution of 20 g. of 
glucose in anhydrous glycerol containing 0*25% of dry hydrogen 
chloride was heated in a sealed tube at 100° until it no longer 
reduced Fehling’s solution. The product, isolated on the lines 
described by Fischer (he. cit.), was a thick syrup containing barium 
chloride and glycerol. The glucoside was extracted with absolute 
alcohol and purified by.precipitation with ether, but this effected 
only partial separation of the impurities and the composition was 
determined through the methylated derivative. 

Methylatibn of Glycerol Glucoside .—Only one typical experiment 
need be described. The syrup (16 g.) was methylated by the 
gradual addition of 72 g. of methyl sulphate and 55 g. of sodium 
hydroxide in 40% solution. The unchanged glycerol was thus 
converted into trimethyl glycerol, which volatilised during the 
final heating to 100°. The product (11 g.) was remethylated twice 
by means of the silver oxide reaction; the refractive index was 
then constant and on distillation a clear, colourless, mobile liquid 
was obtained, b. p. 190—192°/12 mm., = 1*4497 (Found: C, 
53 v l; H, 8*9. Hexamethyl glycerol glucoside, C 15 H 30 O 8 , requires 
G*|58-25; H, 8*9%). With this compound, as with many other 
derivatives of glycerol, analysis by the ordinary combustion process 
gave variable results. The ** wet M process of Simonis and Thies 
{Ghem. 2kg., 1912,97, 917) gave, however, satisfactory values for 
'Oarbodu; \. r ; ■ / v 

JBydrolysis of *7% solution of 

the glucoeMe in 8% aqueous hydrochloric acid was hydrolysed by 
heating at 100° for 45 minutes, the course of the reaction being 
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followed polarimetrically. After neutralisation with barium 
carbonate, the product was extracted with chloroform and, on 
distillation of the solvent, crystalline tetramethyl glucose was 
obtained (yield 65%). After one recrystallisation from light 
petroleum, the melting point was 88° and a mixed melting point 
with tetramethyl glucose showed no depression. Evaporation of 
the light petroleum mother-liquors gave a solid the optical values 
of which were determined. In one preparation [a] D = + 75-65°. 
These results show that the corresponding glycerol y-glucosides 
may be present to an extent varying between 0*93 and 1-95%. 
In order to isolate the methylated glycerol formed during hydrolysis, 
the aqueous layer was concentrated by distillation through an 
efficient column. The concentrated solution was extracted with 
ether and on evaporation of the solvent gave ap-dimethyl glycerol 
as a colourless, mobile liquid showing the correct physical constants 
for this compound. 

Polarimetric Examination of the Condensation of Glucose with 
Glycerol .—The glycerol used was redistilled under diminished 
pressure, and the finely powdered glucose kept for some days in 
an evacuated desiccator over sulphuric acid. The sugar (3 g.) 
was dissolved in glycerol by heating at 90° for 2 hours, the solution 
when cold showing a specific rotation of 52-3° and a reducing power 
equivalent to the glucose it contained. Dry hydrogen chloride 
was drawn into the solution until the necessary increase of weight 
was obtained (8—10 minutes), and a further 15—20 minutes elapsed, 
before the turbidity of the liquid had decreased sufficiently to 
make possible even a rough determination of its optical rotation. 
The following typical results are recorded, the complete figures 
being embodied in the curves shown in the introduction. 


Observed rotations : l = 1, t = 15°. Cone, of glucose, 3%. 


HCl 1%. 

HCl 1*5%. 

_ X _ 

HCl 1-63%. 

HCl 2%. 

HCl 2*53%. 

HCl 3%. 

Hrs. 

a. 

Hrs. 

a. 

Hrs. 

. a. 

Hrs. 

a. 

Hrs. 

a. 

Hrs. a. 

0 

1*95° 

0 

1*95° 

0 

1*95° 

0 

1*95' 

3 0 

1-95° 

0 1-95° 

1 

1-7 

1*5 

1*7 

2*25 

1*35 

2*5 

1*2 

2 

1*15 

1 1*1— 











1*4 

2 

1*6 

2*5 

1*3 

3 

1*3 

3*75 

0*95 

2*5 

1 

1*75 0*8 

10 

1*3 

4 

1*2 

4 

1*15 

5 

0*8 

4 

0*8 

3 0*6 

26*5 

1*0 

5*5 

1*0 

9 

0*9 

6 

0*8 

5*5 

0*7 

4 0*7 

48 

0*75 

7*5 

0*8 

20 

0*55 

7*5 

0*7 

20 

0*6 

7*5 0*7 



10 

0*7 



9*5 

0*7 

29 

0*7 

9 0*7 



23 

0*6 



33*5 

0*5 

44 

1*0 

23 0*65 







73*5 

0*8 

53 

1*1 







144 

1*1 

260 

1*8 



400 ' 1*8 

The reversion of the rotation to practically the initial value is clearly 
evident in the experiments with 2% and 2-53% H01, while the 
minimum specific rotation in all cases is about 15°. 
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Condensation of Glucose with Glycerol in presence of Fructose ,—The 
optical behaviour of solutions containing glucose and fructose in 
acid glycerol was studied by methods similar to those described in 
detail in the case of glucose alone. Solutions containing equal 
weights of both sugars dissolved in anhydrous glycerol possessed 
initially a specific rotation of — 21° to — 22°, the corresponding 
value for the ketose alone being from — 96° to — 97°. Dry 
hydrogen chloride was then introduced as already described until 
the acid concentration was 1-5%. 


10*3 G. of 3% glucose solution reduced .. 

10*3 G. „ fructose solution reduced .. 

Sum of final reducing powers .... 

10*6 G. of 3% glucose-3% fructose solution 

reduced ..... 

10*15 G. of .1*5% glucose solution reduced . 

10*15 G. „ fructose solution reduced . 

Sum of final reducing powers .. 

10*3 G. of 1*5% glucose-l*5% fructose solution 
reduced ........ 

Observed Rotations : l = 1, t = 15°. 

In each case the sugars were dissolved in 100 g. or 80 c.c. of 


glycerol. 










No. I 

. Fructose 3%, HC1 1*5%. 



Hours 

0 

1*25 

2 

3*25 

5*5 

8-5 

19 

23 

a 

- 3*6° 

- 1*25° 

- 1-2° - 

1*3° 

- 1*5° 

- 1*7° 

- 2*2° - 

- 2*4° 

w. 

-96° 

-33*3° 

—32° - 

34*7° 

— 40° 

-45*3° 

-58*7° - 

-64° 



No. 2 

. Fructose 1*5%, HC1 

1*59%. 



Hours 

0 

2*5 

3*25 

4 

5*5 

10 

21 


a 

— 1*8° 

- 0*7° ? 

- 0-65° - 

0*65° 

- 0-7° 

- 0*85° 

- 1*1° 


M. 

—90° 

—37*3° ? 

—34*7° - 

34-7° 

-37*3° 

— 45*3° 

—58*7° 



No. 3. . Glucose 3%, 

fructose 3%, 

HCl 1-5%. 


Hours 

0 

1 

2 

3 

4 

6 

8 

22*5 

a 

— 1*6° 

4-ve. 

— 0*2° - 

0*4° 

- 0-5° 

- 1*4° 

- 1*5° - 

- 2*4° 

[®i» 

—21*3° 

+ve. 

— 2*7° — 

5*3° 

- 6-7° 

-18*7° 

—20° - 

-32° 


No. 4. Glucose 1*5%, fructose 1*5%, HC11*5%. 

Hours 0 2 2*75 3*5 4-3 6 10 21*5 

a — 0*8° 4- 0*2° -f 0*1° -f 0*05° 0-0° — 0*25° —0*45° —0*85° 

N*-21*3° + 5*3° -f 2-6° 4-1*3° 0-0° — 6*5°-12° -22*7 P 

No. 5. Fructose 3%, HC1 1*5%, moisture. 

Hoars O 0*5 0*75 1*0 1*5 2 3 5 

■ f ~ 1*0° — 1*0° 0*8° — 1*1° — 1*4° — 1*6° 

— 26*7° —26*7° —26*7° —21*3° —29*3° —37*3° —42*7 
' Hoars V • ■ 

a ' ■.■•SHQjff";;-..-. 

— 56 - 7 ° - 80 * 0 ° ^ 

v Blackening. . .. .. 4 . / * ' ;" 


C.c. of Fehling’s solution* 


Initially. 

After 23 hours. 

60 

21*5 

60 

1*5 


23 

120 

22*6 

30 

10*2 

30 

0*5 


10*7 

60 

10*3 
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aQ-Dimethyl Glycerol .—aft-Dibromohydrin was prepared by 
Michael and Norton's method (. Amer . Chem . 1880, 2, 18), 20 g. 

of allyl alcohol giving 51-4 g. of product, b. p. 110—112°/15 mm. 
To this were added 11 g. of sodium dissolved in methyl alcohol. 
Sodium bromide was immediately deposited. The reaction pro¬ 
ceeded slowly initially, but afterwards suddenly became very 
rapid, the methyl alcohol boiling vigorously. (It is possible to 
control the reaction if the solutions are dilute and the mixture is 
kept initially in ice-cold water for several hours. Completion of 
the reaction is ensured by heating for a considerable time, as other¬ 
wise it is extremely difficult to remove the last traces of bromine.) 
After neutralisation with carbon dioxide, the dimethyl glycerol was 
extracted with ether and distilled as a clear, colourless liquid, 
b. p. 69-5—70*5°/15 mm., ?z D 1-4219, djf = 1-016 [RJ D 30-02. 
Dimethyl glycerol, C 5 H 12 0 3 , requires [BJd 30*10 (Found: C, 
49-4; H, 9-8. C 5 H 12 0 3 requires C, 50*0; H, 10*0%). [a]jf of 
ethyl tartrate and nicotine in a ft-dim ethyl glycerol as solvent = 
+ 11*22° (c = 13-37) and - 152-94° (c = 13-46), respectively. 

y-Benzoyl a$-Dimeihyl Glycerol .—The benzoate was prepared by 
the standard method. Dimethyl glycerol (3-6 g.; 1 moL) was acted 
on by 7*5 g. of benzoyl chloride (1-67 mols.) and 2-9 g. of sodium 
hydroxide (2-5 mols.) in 10% solution at + 5° to — 5°. The 
product, isolated by extraction with ether, was a fairly mobile oil, 
b. p. 162°/12 mm., 1*5075 (Found : benzoic acid, 50-0. Benzoyl 
dimethyl glycerol, C 12 H 16 0 4 , requires benzoic acid, 54*5%). 

a$-Bimeihyl Glycerol Malate. —Malic acid (4 g,; 0*6 g. in excess 
of 1 mol.) was esterified with 6 g. of dimethyl glycerol in presence 
of gaseous hydrogen chloride at room temperature. The product 
was poured into a large quantity of water, neutralised with barium 
carbonate, filtered, and the filtrate extracted with ether for several 
hours. The ethereal solution was dried, the solvent evaporated, 
and the residue distilled (yield 5*6 g.). The ester, b. p. 200°/0-5 mm., 
is a viscous oil, insoluble in water or alcohol but readily dissolved 
by chloroform, [afgf in chloroform = — 10*60° (c = 9*05). 

Attempted Preparation of ay-Dimethyl Glycerol .—ay-Dichloro- 
hydrin was obtained in the manner described by Smith (loc. tit.), 
b. p. 175*5—176°/733 mm., = 1*4827, whilst the treatment with 
sodium methoxide was carried out as in the case of the aft-isomeride. 
The identity of the product with aft-dimethyl glycerol is referred 
to in the introduction. 

^Monomeihyl ^I)itidorohydrin.— ay-Diehlorohydrin (11*3 g.; 

1 mol.) was dissolved in 56*8 g. of methyl iodide (4 mols.) and 
methylated in the usual manner by the addition of 46*4 g. of diver 
oxide (2 mols.). The reaction, which was 
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continued by warming on a water-bath under a reflux condenser for 
8 hours, an additional 10 c.c. of methyl iodide being added when 
the mix ture became pasty. Ether was used as the extracting 
agent. The product was a clear, colourless liquid (11 g.), b. p. 
58714 mm., 1-4560 (Found: Cl, 49-7. Monomethyl dichloro- 
hydrin, C 4 H 8 0& 2 , requires Cl, 49*65%). 

Attempted Preparation of $-Monomethyl Glycerol .—p-Monomethyl 
ay-dichlorohydxin (18-3 g.; 1 mol.) was heated in 36 c.c. of an 
aqueous alcoholic solution of 29 g. of potassium acetate (2 mols. 
and 15% excess) in a sealed tube at 120—140° for 12 hours. The 
potassium chloride that separated was removed, the filtrate evapor¬ 
ated to dryness, and the residue extracted with ether. On distil¬ 
lation of the ether, monomethyl glycerol diacetate remained. 
This was hydrolysed by boiling with barium hydroxide solution 
for an hour, neutralising with carbon dioxide, and taking to dryness. 
The monomethyl glycerol was extracted with chloroform and dis¬ 
tilled. The product undissolved by ether was also extracted with 
chloroform and yielded a further quantity of monomethyl glycerol 
which had been produced by hydrolysis during the heating process. 
The monomethyl glycerol obtained was the and not the 
form; b. p. 110—112°/11 mm., 1-4462 (Found: C, 45-2; H, 9-4. 
C 4 H 10 O 3 requires C, 45-3; H, 9*4%). 

Trimethyl Glycerol .—The methyl sulphate reaction was the most 
satisfactory in the case of glycerol and one typical preparation is 
described. To 20 g. of glycerol (1 mol.) were added, drop by drop, 
186 c.c. of methyl sulphate (4*5 mols.) and 186*7 g. of sodium 
hydroxide in 40% solution. At first the usual method of procedure 
was adopted, the methylating reagents being allowed to react with 
the glycerol at 60—70°, the excess of methyl sulphate being destroyed 
by heating to 100°. Under these conditions, however, the yield 
of methylated glycerol was very small. Afterwards the reaction 
was carried out in a flask provided with a mercury seal and attached 
to a condenser; trimethyl glycerol and water then formed a volatile 
mixture which boiled vigorously during the final heating at 100°. 
The following process was therefore adopted: After destruction 
of the excess of methyl sulphate the mixture was heated in a brine 
bath; a mixture of water and trimethyl glycerol distilled steadily 
This was saturated with sodium chloride and extracted 


withether. On drying the ethereal solution with calcium chloride 
a large aqueous layer separated, showing that ether, water, and 


a homogeneous system. The ethereal 
the calcium chloride solution, dried over 


solid c&MfelO soda, and finally over sodium wire. This treatment 
advantage ^ ei iminating traces of partly substituted 
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glycerols. Pure trimethyl glycerol was thus obtained as a mobile, 
refractive liquid, b. p. 148°/765*4 mm., njf 1-4069, djf 0-9401, 
[RJd 35-06. Trimethyl glycerol, C 6 H 14 0 3 , requires [E»l]i> 34*84 
(Found: C, 53*3; H, 10*2. C 6 H 14 0 3 requires C, 53*7; H, 10*45%). 

Great difficulty was experienced in the analysis of the methylated 
glycerols and, although many variations of the usual combustion 
process have been employed, the results obtained are not yet entirely 
satisfactory. The figures are, however, sufficiently close to the 
calculated values to show that each of the compounds possesses 
the composition ascribed to it. Determination of the methoxyl 
content by Zeisel’s method leads, as has already been pointed out 
in the case of the a-monomethyl ether (Irvine and Macdonald, loc. 
cit.), to the formation of isopropyl iodide in varying amount and 
therefore cannot be regarded as an accurate analytical factor. For 
purposes of comparison, the rotatory power of ethyl tartrate in 
trimethyl glycerol was ascertained. [a]t 6 — 5*99 (c = 13*36). 

The authors desire to acknowledge their indebtedness to the 
Food Investigation Board and to the Carnegie Trust for the facilities 
provided during the foregoing research. They also take this 
opportunity of expressing their gratitude to Principal Sir James C. 
Irvine, F.R.S., for the invaluable help which he has given. 

The University, St. Andrews. [Received, October 8th, 1925 J 


NOTES. 


Sulphonation of A-ChlorophenoL By John Miudbeo Gauntlett 
and Samuel Smiles. 

The structure of the acid obtained by sulphonating 4-chlorophenol 
was determined in the following manner. 4-Aminoanisole-2- 
sulphonic acid (Bauer, Ber., 1909,,42, 2110) was converted into 
4~chloroanisole-2-sulphonic acid. The chloride of this acid was 
identical with that obtained by treating 4-ehloroanisole with cold 
chlorosulphonic acid. The same sulphonic acid was obtained by 
methylating the product from the interaction of 4-chlorophenol 
famiing sffiphuric. add (20% ,S0 3 ). 

Sodium 4-cMorc^nisoh-2-sulp?ixma^ Me0*C 6 H 3 Cl*S0 3 lS[a, separates 
from hot water in prisms containing 2H 2 0, which are lost at iSCP 
(Found: Cl, 14*7 ; S, 13-2; Na, 9-4. G 7 H e 0 4 CaSNa 
01,14-5; S, 13*1; Na, 9*4%). 

Me0*C 6 H 3 Cl*S0 2 Cl, melts at 104° (Found: 01, 28 
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C 7 H 5 0 3 C1 2 S requires Cl, 29*4; S, 13*3%), and the corresponding 
amide at 154°. i-CMoroanisoh-2-sulphinic acid, MeO*C 6 H 3 Cl*S0 2 H, 
prepared from the chloride and aqueous sodium sulphite, has m. p. 
116° (Found: C, 40*8; H, 3*5. C 7 H 7 0 3 C1S requires C, 40*7; 
H, 3*4%). 4c-ChlorMnisole-2-imthyUulphone t Me0*C 6 H 3 Cl*S0 2 Me, 
prepared from the sodium sulphinate and methyl sulphate, separates 
from hot water in plates, m. p. 94° (Found: C, 43*5; H, 4*1. 
CgHgOjQS requires C, 43*5; H, 4*1%). 4:-Ghloroanisole-2-di- 
stdphoxide, (Me0*C s H 3 Cl) 2 S 2 0 2 , was obtained from the sulphinic 
acid and dilute hydriodic acid, m. p. 124—125° (Found : C, 44*0; 
H, 3*3. C u H 12 0 4 Cl2S 2 requires C, 44*3; H, 3*2%). 4 -Ohlora- 
anisole-2-mercaptmi, MeO*C 6 H 3 Cl*SH, obtained from the sulphonic 
chloride by reduction with tin and hydrochloric acid, formed small 
plates from alcohol, m. p. 42°, which are volatile with steam (Found : 
C, 48*4; H, 4*0. C 7 H 7 0C1S requires G, 48*1; H, 4*0%). 4-Chloro- 
anisole 2-disulphide, (MeO*C 6 H 3 Cl) 2 S 2 , formed colourless needles 
from alcohol, m. p. 105° (Found : C, 48*3; H, 3*4. C 14 H 12 0 2 C1 2 S 2 
requires C, 48*4; H, 3*4%).— King’s College, London. [Received, 
October 3 rd, 1925.] . 


2-m-Xylidino-o-ethoxyA : 5-dihydrothiazole. By Vishvanath 
Krishna Ntmkar and Frank Lee Pyhan. 


Marckwald (Ber., 1892, 25, 2355) states that acetalyl-m-xylyl- 
thiocarbamide yields on treatment with strong sulphuric acid a 
base, G^HgoOsNgS, m. p. 94—95°, giving a picrate, ^ 
C 13 H 18 0N 2 S,C 6 H 3 0 7 N 3 , 

m. p. 143—144°. Burtles, Pyman, and Roylance (this voL, p.581) con¬ 
firmed the composition of the picrate, for which they found the m. p. 
142—143° (oorr.), but did not obtain the base in a crystalline state. 
They expressed the opinion that if Marckwaid’s analyses were correct 
the base contained a molecule of water of crystallisation. After 


several months, the base regenerated from the picrate isolated by 
Burtles, Pyman, and Roylance became crystalline and separated 
from alcohol in large prisms, m. p. 102—103° (eorr.), which were 
anhydrous (Founds C, 62*6, 62*4; H, 7*0, 7-3; N, 11*3. 

requires C, 62*4; H, 7*2; N, 11*2%). The base has. 


therefore, the expected composition, C^^H^OISIgS, and is doubtless 
2-m-xylidino-5-ethoxy>4: 5-dihydrothiazole. The picrate prepared 
from 1^p j^re ; feasehad m. p. 152—154° (oorr.) (Found: 0, 47*5; 

4*4%)*a^^thus appears that neither 


iJLXfb-t fmMjJIti ST rs 'jy 


mm 


mssmass 
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CCCLXXVI.— The Heat of Combustion of Salicylic 

Acid. 

By Endbe Bebneb. 

Benzoic acid, naphthalene, and sucrose are the substances generally 
used for the determination of the heat capacity of a bomb calori¬ 
meter. A number of recent excellent investigations have shown, 
however, that only benzoic acid fulfils the requirements of a calori¬ 
metric standard. This acid, therefore, has been accepted as the 
sole standard substance for calorimetric work; its heat of combustion 
has been fixed at 6324 calories (15°) per gram weighed in air or 6319 
calories (15°) per gram (vac.) ( c< Comptes Rendus de la Troisieme 
Conference Internationale de la Chimie,” Lyon, 1922, p. 54), 

International acceptance of one or more other substances as 
secondary standards is highly desirable, because the use of a single 
substance involves a certain risk of introducing an error in the 
value of the heat capacity of a calorimeter. 

Verkade and Coops (Bee. trav. chim ., 1924, 43, 561) recently 
proposed salicylic acid as a secondary standard substance. They 
determined its heat of combustion and tested its applicability as a 
thermochemical standard, but, unfortunately, they failed to take 
the precautions necessary to secure the utmost purity of their 
samples. 

The author has now determined the heat of combustion of the 
pure acid. Three different preparations of salicylic acid (Merck, 
Kahlbaum, and von Heyden) were separately purified, partly by 
crystallisation from different solvents and partly by sublimation in 
a vacuum, until the heats of combustion of the products were 
constant; the values obtained, 5233*8, 5233*8, and 5233-9 cal, 
(15°) per gram (vac.), were identical within the limits of experimental 
error. 

From the results of twenty experiments made with these samples, 
the mean value 5233*8 cal. (15)° per gram (vac.) was found for the 
heat pf combustion of salicylic acid at constant volume. To this 
corresponds the value 5237*4 cal, (15°) per gram weighed in air 
against brass weights. The ratio of the heats of combustion of 
benzoic acid and salicylic acid is 6319/5233*8 = 1*2073 (vac.), 

Verkade and Coops (loo. cit., p. 571) found a slightly higher value 
for the heat of combustion of salicylic acid, viz., 5238 cal. (15°) -peas 
gpram {vac.}, and consequently the ratio 1*2066. The discrepancy 
piay be due to an error in the heat capacities of the c4torimeters; ^ 
to a difference in purity of the acids. The first explanation > 

improbable, because both Verkade and Coops and the m ~ ^ " 
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benzoic acid from tie Bureau of Standards, Washington, for the 
calibration of their calorimeters and obtained almost the same 
value [V. and C., 5238*1; B., 5237*1 cal. (15°) per gram (vac.)] for 
the heat of combustion of Merck’s salicylic acid (“ Praparate von 
bestimmter Ver brennungs war me ”). Verkade and Coops used 
salicylic acid from four different sources. Because the heats of 
combustion of those preparations all agreed and one of them— 
Merck's—gave the same value after a single recrystallisation from 
ether, the authors contend that their preparations were “absolutely 
pure." These facts, however, are of no practical value as proofs 
of the purity of their preparations. 

The combustion of salicylic acid (about 0*80 g.) in oxygen at a 
pressure of 35, 30, or 25 atmospheres is complete; neither carbon 
monoxide nor the slightest trace of soot nor any smell due to products 
of incomplete combustion can be detected. Moreover, the acid is 
neither hygroscopic nor volatile and is easily pressed into pellets 
which ignite readily. It should therefore be particularly suitable 
as a standard substance for calorimetric work. 


E XPEBIMBNTAl. 

Detailed descriptions of the calorimeter, the method and the 
experimental results will be published elsewhere. 

The calorimeter was of the form recommended by the Bureau of 
Standards, Washington ( Bull ., 1915, 11, 189). 

The calorimetric bomb had a thick fixed gold lining and a capacity 
of about 300 c.c. 

Temperature measurements were made with a platinum resistance 
thermometer. The resistance was measured by Kohlrausch's 
method (“ uebergreifende Nebenschliisse ”) as used by Jaeger and 
von Steinwehr (Ann. Physik , 1906,21,23) and by Fischer and Wrede 
(Sitzungsber. Preuss. AJcad. Wiss . Berlin , 1908, 5, 129). 

The cooling correction, u\ was calculated from the formula 


u f =aftl ( u —' u o)dt> 

in which a is the constant of the calorimeter, u its temperature, 
% the convergence temperature, and t x and t 2 , respectively, the 
tame at the beginning and the end of the main period. The 


numerical value of the integral was in every case determined 
graphically. In some cases, the cooling correction was also 
computed by the practical method developed by Dickinson of the 
(foe. 22Q). This method gave practically 
obtained ^ 

The total riseoi temperature during a combustion was about 
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1°. The temperature of the jacket was always regulated so that the 
cooling correction amounted to 2—3 parts in 1000. 

The oxygen was prepared from liquid air; it contained very little 
nitrogen—the correction for nitric acid was 0*5—0*7 cal.—and no 
combustible impurities. Oxygen from the same source was used 
for the calibration of the calorimeter and for the combustion of the 
salicylic acid. 

Ignition of the substance was effected electrically by means of 
a very thin platinum wire; the heat developed by the current was 
about 0*8 cal. If the wire had been merely pressed into the pellet, 
ignition sometimes failed to occur. A part of the wire was there- 
fore covered with 0*5—1*5 mg. of benzoic acid by dipping it in the 
molten acid and placed close against the top of the pellet; under 
these conditions ignition never failed to take place. 

Heat Capacity of the Calorimeter .—This was determined by the 
combustion of two samples of benzoic acid, (a) a standard sample 
(39b) obtained from the Bureau of Standards, Washington, and 
(6) a sample (517) purified as follows : Benzoic acid (Kahlbaum’s 
tc Praparate fur kalorimetrische Bestimmungen ”) was distilled 
twice at a pressure of 10 mm. of Hg, crystallised twice from benzene 
and once from carbon disulphide, finely powdered, and dried for 3 
days in a vacuum over phosphorus pentoxide. 

With 3700 g. of water in the calorimeter vessel, 1 g. of water in the 
bomb, and an oxygen pressure of 30 atmospheres, the heat capacity 
was found to be 4066*3 calories (15°) at a mean temperature of 
18°. To this value must be added a small correction for the differ¬ 
ence in heat capacity of the products of combustion and the oxygen 
necessary for the combustion. In some recent experiments, the 
variation of the heat capacity with temperature was determined 
directly; the heat capacity decreased by about 1 cal. for an increase 
of 1° at 18°. If the mean temperature during an experiment 
differed from 18°, a correction for the divergence was applied. 

Purification of the Salicylic Acid.—l. Merck’s salicylic acid 
(‘"Praparate von bestimmter Verbrennungswarme 35 ) was finely 
powdered and dried for 3 days in the way described above (sample 
571). 

The same preparation was crystallised twice from water and once 
from chloroform, powdered, and dried for 3 days (sample 571 Ha). 
It was then dried for 6 days (sample 571 IIb)/and sublimed in a 
vacuum (sample 571 HI}. 

2. Salicylic acid (Kahlbaum B.A.B.5) was crystallised once from 
water sublimed in a vacuum, crystallised once from chloroform^ 
powdered and dried for 3 days (sample 572 in). This saasgl# 
was then crystallised once from water, once from benzeaao, aisl 
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once from chloroform, powdered, and dried for 3 days (sample 
572 IV). 

3, Salicylic acid (von Hey den's “Acidum Salicylicum volmn. 
puriss.”) was crystallised twice from water and once from chloro¬ 
form and dried for 3 days (sample 573 II). This sample was 
crystallised once from water, once from chloroform, and dried for 
3 days (sample 573 HI). 

Table I. 

Benzoic Acid . 


p — pressure of oxygen in atms.; h = heat capacity, in cal. (15°), of the 
calorimeter at 18° and 30 atms. of oxygen; d = deviation from the mean 
heat capacity in parts per 10,000. 


Sample. 

V • 

h . 

d. 

Sample. 

P* 

h. 

d . 

396 

30 

4066-7 

+ 1-0 

517 

40 

4066*6 

, +0*7 

f> 

99 

4065-6 

—1-7 

99 

30 

4065-8 

-1-2 

99 

99 

4066-7 

+ 1-0 

99 

99 

4066-6 

+0*7 

99 

35 

4065*2 

-2-7 

99 

99 

4066-2 

—0*2 

517 

30 

4066*9 

+ 1-5 

99 

99 

4066-9 

+ 1-5 


Mean 4066-3 

Table II. 

Salicylic Acid . 

p aa Pressure of oxygen = 35 atms.; t = mean temperature; Q = heat 
of combustion per gram (vac.) in cal (15°); D = deviation from mean heat 
of combustion in parts per 10,000. 


Salicylic acid {Merck). Salicylic acid (von Hey dm), purified . 


Sample. 

t. 

<2. 

D. 

Sample. 

t. 

0- 

D . 

571 

18-0° 

5237-3 

+ 0*4 

573 U 

18-8° 

5234*3 

+0-8 

99 

18-3 

5237-3 

+0-4 

99 

17*9 

5233*1 

— 1-5 

99 

18-0 

5236-4 

—1*3 

573III 

18-0 

5234*4 

+ 1*0 

99 , 

18-1 

5237*0 

-0-2 

99 

17-9 

5234*7 

+ 1*5 

>9 

18-1 

Miaart 

5237*3 

5237*1 

+0*4 

99 

18-0 5233*2 

Mean 5233*9 

-1*3 

Salicylic acid (Merck), purified . 

Salicylic acid (KahZbaum), purified . 

571 Ha 

18-1° 

5234-6 

+ 1-5 

572 m 

18*2° 

5234*1 

+0*6 

. 99 

18-1 

5233-3 

-1*0 


18*2 

5233*3 

-1-0 

an nb 

18*2 

5233*3 

-1-0 

99 

18*1 

5234*1 

+0*6 

, 

18-1 

5233*9 

+0*2 

572IV 

18*5 

5233*7 

-0*2 

: „t 

18-0 

5232*9 

-1-7 

.»» 

18*5 

5234*6 

+ 1*5 

571 m 

18-1 

5234*5 

+1*3 


17*9 

5233-0 

-1*5 


18-0 5233*1 

18-0 623+4 

•+3$e*iai' 5233*8 

— 1-3 
+1-1 

99 , 

18-0 5233-7 

Mean 5233-8 

-0*2 


' S' 1 '.' * P «** 30 atms. .*.■ f p =s 25 atms, 

: ■' ^... [Received, 




UNSTABLE STATES OF SOLUTIONS OF SODIUM BEHENATE. 2751 


CCCLXXVIL —Unstable States of Solutions of Sodium 

Behenate. 

By Many Evelyn Laino. 

Previous communications from this laboratory were devoted to 
describing the most stable forms of soap and its solutions. In the 
case of sodium behenate, it was incidentally noted that the type of 
solution obtained could be radically affected by suitable treatment. 
For example, on repeated rapid cooling, the behenate solutions 
could be obtained at room temperature for a short period as limpid, 
mobile liquids, whereas slow cooling produced the usual hard, white 
curd. Reheating the mobile liquid of a 0*2 Absolution to about 90° 
produced a clear, stiff, isotropic jelly, which quick cooling once 
more temporarily rendered fluid. Some of the most interesting 
solutions could only be kept less than half an hour. 

The appearance and behaviour of these solutions and their 
transitory states have been quantitatively examined. 

The task was undertaken by a team of experienced investigators, 
who worked simultaneously on portions of solutions prepared by 
Mr. G. M. Langdon. He also made the macroscopic observations. 
The microscopic study was undertaken by Mr. S. E. Wiltshire, 
Miss M. E. Kieser carried out the E.M.F. experiments, Miss M. E. 
Laing the freezing-point determinations, Miss K. M. Hay the 
indicator tests, and Mir. W. C. Quick measured the conductivity. 

Sodium behenate solutions were made up in silver tubes by 
shaking the requisite quantities (Bunbury and Martin, J., 1914, 
105, 417) of standardised alkali with weighed quantities of behenic 
acid, m. p. 81*0—82*0°, kindly made for us by Messrs. JVC. Crosfield 
and Sons, Ltd., by the catalytic hydrogenation of Kahlbaum’s 
erucie acid. The homogeneous soaps were transferred to thick- 
walled glass tubes, which were sealed for optical investigation 
according to the method previously described (McBain and Langdon, 
this vol., p. 852). Parallel experiments were carried out with 
solutions made up in 1913 (McBain and Taylor, Z . 'physikal. Chem., 
1911, 76, 179). The strengths used were 0*01, 0*05, 0*1, 0*2, 0*5Ab 
i.e., mole per 1000 g. of water. The observations here recorded 
were repeated many times; e.g., a 0*1 Absolution was alternately 
heated and cooled twenty times under different conditions and the 
results were reproducible, the only effect that varied being the 
number of “flocks 99 appearing in the mobile liquid. >•* 

The stable forms of the behenate solutions at room temperature^ 
with the exception of 0*01Ab were solid, white, moist curds. Owi 
formation, however, could be suspended by special heat treatment 
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as was well illustrated by the behaviour of a 0*05V w -solution. On 
being heated to about 88°, the curded OOoAVsolution melted to a 
fairly mobile, milky liquid containing a few white flakes. If this 
solution were allowed to cool slowly, more flakes separated and the 
whole gradually became a network of curd; the transformation from 
Brownian particles in movement to short and then long fibres could 
be observed under the ultramicroscope. Photographs of such 
gradual transitions have been published elsewhere (McBain, Darke, 
and Salmon, Proc. Roy. Soc., 1921, A, 98, 395; Bogue, “ Colloidal 
Behaviour/’ Vol. I, pp, 410—429; Nature , 1921,107,45; Alexander, 
64 Colloid Chemistry, Theoretical and Applied,” Vol. I, 1925). 

On cooling rapidly, the white flakes, ^viiich formed at about 75°, 
rose to the surface, leaving a clear lower layer. On heating to 90°, 
these flakes melted and the system consisted of two clear layers. As 
the tnbe cooled again, curding took place in two stages, the upper 
layer solidifying at 75° and the clear lower layer after some hours at 
room temperature. 

The quantitative investigation had to be carried out as quickly 
as possible, before the homogeneous, mobile liquid produced by 
rapid cooling set to a mass of curd fibres. 

The hydroxyl-ion concentration of the 0-05AVsolution at 18° was 
found by E.M.F. measurements with the hydrogen electrode to 
be 0-G07A* during the first hour, but this value declined to 0-0008A*, 
when the clear liquid had solidified to form white curd. The con¬ 
centration of hydroxyl ions in the mobile liquid was shown by the 
indicator method, using alizarin yellow G and Sorensen’s buffers, to 
be 0-007 N w at 90° and slightly higher at room temperature. 

The clear 0*05V w -sodium behenate at 18°, therefore, is hydrolysed 
to the extent of 14% (= 0-G07YVOH) and contains G‘021AVaeid 
soap expressed in terms of behenate, or 0*014V W , in terms of 
sodium ; if this is formed, as In the case of the palmitate, according 
to the equation 3NaBe + H a O — NaOBE + 2NaBe,HBe. Hence 42% 
of the total behenate radical is in the form of acid soap. This acid 
soap is colloidal and exerts no osmotic pressure (McBain, Taylor, 
and Laing, J., 1922,121, 621). 


- The osmotic data were obtained from depressions of the freezing 
point, determined by the usual Beckmann method, using inoculation; 
at least four concordant readings were taken before a solution 
curded. The depression for the 0*05V e -solution was 0*036°. The 
hydroxyl io»s,. present to the extent given above, would correspond 
to a depression of 0 <KL3° and together with the equivalent sodium 
:& depression of 0*026°. The difference, 0*010°, 
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loidal electrolyte. What remains of the total concentration 0*05 — 
0*014 — 0*007 — 0*0027A 7 *, = 0*0263Ab must be the concentration of 
the undissociated neutral colloid. The constituents of this unstable 
but clear solution, and their concentrations, are very nearly those 
in Table I. 

Table I. 

Constituents of unstable 0-05 AV Sodium Behenate at 18°. 

1 . From E.M.F. (OH') 0*007A T W 14% hydrolysis alka¬ 

linity. 

2. Equivalent to NagHBes 0-0140AA, (Na*) 42% acid soap (colloid). 

3. From lowering (Na*) = (Be')-{-(OH') 0*0097^ dissociated soap. 

4. Bemainder (NaBe), 0-0263A 7 *, (Na) 53% neutral colloid. 

The conductivity data are summarised in Table II. The con¬ 
ductivities of two samples of 0-05AVsolution were measured at 
intervals over a period of 20 hours, and that of a 0*1 Absolution at 
intervals during 18 hours, after making up. The values recorded for 
the liquid are the means of those obtained within the first hour, the 
curd values are those obtained after 18—20 hours. 

Table II. * 

Specific Conductivity (k) of Sodium Behenate Solutions at 18°. 

Unstable liquid. Final curd. 

Cone. (A*). k . a%. k. a%. 

0-05 1-74 x 10" 3 15-9 0*311 X 10^ 2-8 

0-1 2-79 X 10~ 3 12-8 0-42 X 10“ 3 1-9 

# ■ . 

The degree of dissociation, a, calculated by dividing the actual 
conductivity found by the molar conductivity of sodium hydroxide 
at infinite dilution at 18° (viz., 216*5) is 15*9% for the 0*05 jV w - 
solution, a value slightly greater than that (14%) found by E.M.F. 
measurements; the approximate agreement shows that the free 
hydroxide accounts for most of the conductivity. A more exact 
comparison may be made by calculating from the data of Table I the 
specific conductivity of the 0*05AVsolution at 18°. The products 
of the concentrations per e.c. of the various ions shown in Table I 
and their respective mobilities (43*6 for Na*, 172*9 for OH', and 20*7 
for Be') being added together, the calculated value for the specific 
conductivity is found to be 1*69 X 10“ 3 . The agreement with the 
observed value, 1*74 X KT 3 , is very close, especially in view of the 
fact that different samples of unstable solutions were taken for 
these measurements; one sample actually gave the value 1*69 X 10 -3 
reciprocal ohm. .vb 

Full allowance having been made for the conductivity due to 
the hydroxyl ions in the final curd, it is evident that the curd fibres, 
though not in solution (this was shown by analysis of the motile 
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liquor squeezed out from sucii curds), contribute to the residual 
conductivity. This is apparently due to the free ions of the 
electrical double layer of the very extensive surface of the fine 
fibres (compare Laing, J. Physical Chem., 1924, 28, 673; Laing and 
McBain, J., 1920, 117, 1507). The data show that these super¬ 
cooled solutions are highly unstable, the extent of hydrolysis being 
many times greater even than that for the solutions at 90°. At the 
lower temperature, after a short time, the hydrolysis diminishes to a 
tenth of its value and the equilibrium shifts in favour of the formation 
of insoluble sodium behenate, which separates in curd form from 
the solution. It seems possible that in the initial clear liquid the 
acid soap may peptise the neutral soap. Solutions of acid soap froth 
freely (McBain, Taylor, and Laing, loc. cit.). 

The (HAVbehenate solution in the unstable condition was similar 
to the 0*05 Absolution, but was less hydrolysed. The concentration 
of hydroxyl ions due to hydrolysis was shown by the hydrogen 
electrode to be Q*O098A« or 9*8% (afterwards falling to 0*O012A tt 
when the clear liquid had set to a white curd). The depression of 
the freezing point was 0*035°. This would be fully accounted for 
by the free sodium hydroxide, but, as is seen from Table II, there is 
still a small amount of conductivity to be accounted for as in the 
case of the 0*05A«-solution. 

The macroscopic and the microscopic behaviour of the 0*1 Ab¬ 
solution are just like those of the 0*05A«-solution described above, 
except that the instability increases with concentration. 

The 0*2 Absolution was too unstable to permit of freezing-point 
determinations. This solution is very viscous and difficult to 
prepare. It exhibited, however, a remarkable change in viscosity. 
The melted curd was a clear, isotropic jelly at 90°, but, on cooling, 
the gel “ melted ” to a mobile, cloudy liquid. We have observed 
this curious phenomenon of gelation at a relatively high temperature 
and fluidity at a low temperature in only one other instance, namely, 
in a solution of nitro-cotton in alcohol; this is a clear, elastic jelly at 
room temperature and a mobile fluid at the temperature of liquid air 
(observation by Mr. L. E. Smith in this laboratory).* This observa¬ 
tion can be readily explained on the basis of the theory of neutral 


ociteds put forward by McBain (Trans. Faraday See., 1924,20,22). 

[-ion concentration of the 0*2A w -solution is 0*O05A», 
a; hydrolysis alkalinity of only 2%. This value eorre- 
with that found by the indicator method. Most of 
the soap of tfce O*2A*-so!ution must be present as insoluble, undis- 

•••' 34),; wlM,iiowever,' useda 

1 aoB-scdvest. ; '.*v 
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Whether cooled rapidly or slowly, the 0*5JV w -solution of sodium 
behenate forms curd at room temperature. It is a highly viscous *’ 
gel at 90°, 

It appears that ease of curding increases with rise of viscosity, . 
which takes place whenever separated matter (shown by streakiness) 
is present, or upon lowering of temperature. Curd also forms more 
rapidly after the solution has been heated in glass. 

A sodium behenate solution separates into two layers on addition of 
0*4jV w -sodium chloride; whereas in the case of sodium palmitate of 
the same concentration, twice this quantity of salt is required to 
produce the same change. The salted-out system, 0-05 ^ w -KTaBe + 
0*422V r w -NaCl, and also O-OoAVNaBe + O^lV^-NaGl, becomes 
homogeneous at 100°. This temperature is above that, 72—75°, at 
which the corresponding palmitate-sodium chloride system becomes 
homogeneous. Both facts are in accordance with the insolubility of 
sodium behenate at low temperatures. 

Neutral behenate solutions, in the absence of sodium chloride, 
were never observed to separate spontaneously into two layers on 
standing at high temperatures, as is the case with acid sodium 
palmitate (0‘4AVNaP, O-UV^-HP). In appearance, the acid salts 
of behenic and palmitic acids are very similar. 

On reviewing the behaviour of these colloidal behenate systems, 
one is struck by their analogy with certain crystalloids! systems. 
When, for example, barium sulphate is produced rapidly from a 
mixture of barium chloride and a sulphate, a highly supersaturated 
solution may be obtained which deposits matter in the colloidal 
state. On sudden cooling of the behenate solutions, supersaturation 
with respect to neutral colloid sets in and simitar amorphous, 
flocculent material is formed. Thus on cooling of either system, 
colloid or crystalloids!, one gets separation of (crystalline) curd 
fibres on the one hand and of true crystals on the other. On standing 
in contact with their respective mother-liquors, colloidal barium 
sulphate crystallises and colloidal sodium behenate curds. 

Summary . 

(1) Although the stable form of 0*05—0*5iVVsodium behenate at 
room temperature is a hard, white curd, these solutions can be 
obtained temporarily as clear, very mobile liquids, which are hydro¬ 
lysed to an abnormally large extent. 

(2) The largest constituent of the unstable mobile solutions is 
neutral undissociated colloid, the next largest being colloidal acid 
sodium soap with the equivalent quantity of free sodium hydroxide. 
There is only a very small proportion of dissociated soap. 

University or Bristol. [j Received, July 24 th, 1925.] 
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CCOLXXVIIL —Sulphur Compounds Removed from a 
Persian Petroleum by Means of Sulphuric Acid . 
Part I . 

By Edward Henry Thierry. 

Mabery and Smith (Amer. Chem. J., 1891,13, 232) isolated several 
organic sulphur compounds from a crude Ohio oil and established 
the presence of a series of dialkyl sulphides. Mabery and Quayle 
(ibid., 1906, 35, 404) obtained very different results during an 
investigation of a Canadian petroleum, a series of saturated cyclic 
compounds, named thiophanes, of the empirical composition 
CJS^S being isolated; the actual compounds ranged from C 7 H uS 
to C 18 H 36 S and a derivative of the substance C 6 H 12 S also was 
prepared (see also von Braun and Trumpler, Ber., 1910, 43, 543; 
Trochimovski, J . Buss. Phys. Chem. Soc., 1916, 48, 880). More 
recently, other workers have described the isolation and identi¬ 
fication of thiophen and its homologues in shale oiL 

The product now investigated was a sulphuric acid sludge from 
the refining of Persian petroleum kindly supplied by Mr. Kewley of 
the Asiatic Petroleum Co. The oil that separated on dilution was 
carefully fractionated and of the twenty-nine fractions boiling below 
120°/125 mm., four have been investigated. Three of these con¬ 
sisted essentially of methyl ethyl sulphide, tetra- and penta- 
methylene sulphides. The fourth fraction was a mixture. It 
contained a compound C 4 H 10 S; this was not diethyl sulphide, but 
sufficient material was not available to determine whether it was 
methyl propyl sulphide or methyl isopropyl sulphide. All the 
fractions had an intense odour, but the purest samples of the cyclic 
sulphides were in no sense objectionable. The various compounds 
have been characterised by the preparation of a number of deriv¬ 
atives such as sulphonium iodides and double salts with mercuric 
salts. 

Experimental. 

The' dark supernatant oil obtained by greatly diluting the 
sulphuric acid sludge (12 litres) with water was shaken with sodium 
hydroxide and dried over sodium sulphate; a further quantity was 
extracted from the diluted liquid with chloroform, the total yield 
being 1$0O c.e. The oil was distilled and the more volatile portions 
were fractionated five times at a pressure of 760 mm.; the fractions 
obtai^ were V below 50°, 0*5 c.c.; (2) 59—64°, 90 e.c.; (3) 

0^08°, 11 dc.; (4) 68—70°, 23 e.c.; 70_80°, 10 c.c.; (6) 

; e.c. ; {8) above 92°, 7 c.c. 
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The oils boiling above 100°/760 mm. were fractionated eleven 
mes at 125 mm. Table I shows the degree of separation achieved. 


Table I. 


Fraction. 

B.p./125 mm. 

C.e. 

Fraction. 

B.p./125 mm. 

C.c. 

9 

up to 60° 

4 

20 

90—93° 

30 

10 

60—63 

12 

21 

93—96 

12 

11 

63—66 

20 

22 

96—99 

9 

12 

66—69 

3 

23 

99—102 

19 

13 

69—72 

5 

24 

102—105 

28 

14 

72—75 

5 

25 

105—108 

16 

15 

75—78 

10 

26 

108—111 

14 

16 

78—81 

70 

27 

111—114 

35 

17 

81—84 

75 

28 

114—117 

20 

IS 

84—87 

10 

29 

117—120 

18 

19 

87—90 

3 

Residue (to be examined) 



Fractions 4, 7, 11, and 17 have been carefully examined. 

Fraction 4 contained 61 % of chloroform. No satisfactory analysis 
as possible, but the remaining liquid contained about 34-5% S. 
n shaking with mercuric iodide, decanting, and evaporating in a 
icuum, pale yellow crystals were obtained which dissociated very 
tpidly in the air and softened at 59° (Smiles, J., 1900, 77, 164, 
ves m. p. 59° for CH 3 *S*C 2 H 5 ,HgI 2 ). The liquid (2 c.c.) reacted 
riskly with methyl iodide (1 c.c.) and mercuric iodide (excess), 
fter 3 minutes, the product was washed with ether and crystallised 
om acetone-ether; it then formed fine yellow needles, m. p. 86° 
CH 3 ) 2 SI-C 2 H 5 ,HgI 2 has m. p. 86°; Smiles, loc, citJ \. 

White crystals of methyl ethyl sulphide mercurichloride were 
□mediately precipitated on addition of alcoholic mercuric chloride 
> the liquid. Several crystallisations from acetone and water gave 
bther unstable crystals, m. p. 101—102°. 

Most of the mereurihalides here described are unstable and were 
Lirified with difficulty, immediately beginning to lose sulphide on 
cposure to air; the ultimate analyses, therefore, were unsatis- 
ctory. Sintering frequently occurs during melting-point deter- 
inations and this, together with the tendency to dissociate, makes 
■ustworthy observations difficult to obtain. 

Fraction 7 contained 0*5% of chloroform. The analytical figures 
>und (0, 56-4; H, 11*0) differ from those required for diethyl 
ilphide (C, 53*3; H, 11*1%), but consideration of the results 
btained with fraction 11 makes it very probable that the divergence 
t both cases is caused by admixture of about 6% of a hydrocarbon, 
. p. 100—105°. 

The mercuri-iodide, prepared as described under Fraction 4, 
>rmed unstable, pale yellow crystals which did not soften below 
30°. The methylsulphonium iodide mercuii-iodide formed pale 
3llow crystals which melted at 54° after repeated crvstaliisatic^ 
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from acetone-ether, and the mercurichloride, unstable, white 
needles, which melted at 68° after repeated crystallisation from 
acetone by cautions addition of water. Smiles (J., 1900, 77 , 164) 
gives 52° as the m. p. of (C 2 H 5 ) 2 S,HgI 2 and 67° as that of 
{C^ 5 ) 2 (GH 3 )SI,HgI 2 , whilst for (C 2 H 5 ) 2 S,HgCl 2 Loir (Annalen, 
1853, 87 , 369) records m. p. 90° and Abel (#., 1895, 20 , 269) m. p. 
119°. These results indicate clearly that the compound is not 
diethyl sulphide. No addition compounds of the above types of the 
methyl propyl sulphides have been described. 

Fraction 11 was refractionated and the largest fraction, b. p. 
64—65°/l25 mm., was examined. The liquid boiled at 120—121°/ 
760 mm. (Found: C, 56-6; H, 9-8; S, 34*0%). Diisopropyl 
sulphide (C, 61*0; H, 11*9; S, 27*1%) boils at 120*5°/763 mm. 
(Beckmann, J . pr. Chem., 1878, 17 , 459), and tetramethylene 
sulphide (C, 54*5; H, 9*1; S, 36-3%) at 119° (von Braun and 
Triimpler, J3er., 1910, 43, 549). 

The divergence from the values for tetramethylene sulphide may 
be ascribed to the presence of a little hydrocarbon, since derivatives 
were obtained in a pure state with comparative ease. 

The methiodide , prepared in the usual way, crystallised from 
alcohol in fine, white needles, decomp. 185—190° (Found: I, 54*6. 
0 5 H u IS requires I, 55*2%). The mercurichloride, crystallised 
from acetone-water, had m. p. 126° (Troehimovski, loc . tit*, gives 
m. p. 124*5—125*5°). Tetramethylene sulphide mercuri-iodide, 
prepared in the usual way, separated from acetone-water in white 
crystals, m. p, 58°. Tetramethylenemethylsulphoninm iodide mercuri - 
iodddCy prepared as previously described, formed yellow crystals, 
m. p. 111°. 

Fraction 17 was refractionated four times; the largest fraction 
had b. p. 83—84°/125 mm. and 138*5°/742 mm. (Found: C, 58*5; 
H, 9*8; S, 31*3. Calc, for C 5 H 1? S, C, 58*8; H, 9*8; S, 31*4%). 
Low results for sulphur were obtained unless oxidation was carried 
out for 15 hours at 180° and then, after the pressure had been 
released, for 10 hours at 250°. In estimating the carbon and 
hydrogen, the best results were obtained by weighing the liquid in a 
small bubbler, which was then fixed to the end of the combustion 
tube, the passage of the oxygen causing steady evaporation. It 
seems certain that the compound is pentamethylene. sulphide 
(compare von Braun, loc , cti.). The mercurichloride was prepared, 
and erye&allised from benzene. 

Pentameayfea^methylsulphonium iodide, prepared in the usual 
way, was converted into the sulphonium base by means of silver 
: oxide; the solution was exactly neutralised with hydrochloric acid 
and gently evaporated to small bulk. The crystalline suiphomwn 



COHDEiNSATIOHS OF SODIUM DERIVATIVES, ETC. 2759 

chloride obtained on cooling was precipitated from alcoholic solution 
with ether, washed with acetone, and dried in a vacuum over 
sulphuric acid. The white crystals thus obtained dissociated 
without melting on heating and decomposed slightly on long 
standing (Found : C, 46*7; 33, 8*7; Cl, 22*85. C 6 H 13 C1S requires 
C, 47*2; H, 8*6; 01,23*3%). 

Pentamethylene sulphone was obtained in very small yield by 
oxidising the sulphide (2 g.) with excess of permanganate solution; 
it crystallised from benzene-light petroleum in white plates, m. p. 
98°. Trochimovski ( loo . cit.) gives m. p. 98*5—99°. 

Pentamethylene sulphide mercuri-iodide, prepared in the usual way, 
was washed with ether and crystallised from acetone by cautious 
addition of water. The white crystals obtained, m. pi 72—74°, 
dissociated completely within a few hours when exposed to the air. 
The mercurichloride separated from benzene in white crystals, m. p. 
135—136° (Trochimovski gives m. p. 137*5°). The chloroplatinate 
was obtained by adding a few drops of the sulphide to a strong 
aqueous solution of platinic chloride; the yellow crystals that 
separated after a few hours were crystallised from acetone-water. 
[Found; Ft, 35*4. (C 5 H 10 S) 2 PtCl 4 requires Pt, 36*4%]. Penta* 
methylenemethylsulphonium iodide mercuri-iodide, prepared as 
previously described, separated from acetone-ether in yellow 
crystals, m. p. 78°. 

The author expresses his thanks to Professor Donnan for 
suggesting this work and to Professor Collie and Dr. Brady for 
valuable advice given during its progress. 

The Ralph Foster Laboratory op Organic Chemistry, 

University College. [Received, February 2 titk, 1925.] 


CCCLXXIX .—Condensations of the Sodium Derivatives 
of Trimethylene Glycol and Glycerol. 

By Arthur Fairbourne and Graham Edward Foster. 

Isr extension of the work on the condensation of l-chloro-2:4- 
dinitrobenzene with glycerol (J., 1921, 119, 1035) and ethylene 
glycol {ibid., p. 2077), the similar condensation in the case of 
trimethylene glycol has now been investigated. 

A solution of the sodium derivative is readily obtained by 
dissolving sodium in excess of trimethylene glycol and may be used 
for effecting the condensation. In spite of the large excess of glybol 
present, akd although monosodium glyceroxide gives 
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one product in the corresponding reaction (loc. tit., p. 1037), both 
mono- and bis-dinitrophenyl ethers of trimethylene glycol are 
produced, even when the chlorodinitrobenzene is added slowly. 

GH 2 *OH CH 2 -OH (pH 2 -0*C 6 H 3 (N0 2 ) 2 

CH 2 (I.) OH 2 + V H 2 {IL) 

CH 2 -OH CH^O-CeE^NOs), 0H 2 -0-C 6 H 3 (N0 2 ) 2 

The relative yields of these ethers vary with the concentration of 
the sodium derivative and therefore may be regarded as dependent 
on the tendency to set up the equilibrium 

OH 2 *O*0 6 H 3 (NOo) 2 CH 2 *OH CH 2 *0*C 6 H s (N0 2 ) 2 ch 2 -oh 

yn 2 + ch 2 ^ oh 2 + oh 2 

CH 2 -OH CH 2 -ONa GH 2 *ONa CH a -OH 

it being assumed, as in the two previous papers, that the primary 
condensation involves merely the replacement of the sodium by the 
substituent group: 

R*ONa + C1-C 6 H 3 (N0 2 ) 2 RD-C 6 H 3 (N0 2 ) 2 . 

On this assumption depend the arguments previously put forward in 
support of the structure of glycerides (loc. cit., p. 1035). Doubt 
was east on its validity, however, by the accidental preparation of 
the bisdinitrophenyl ether above mentioned and by the further 
discovery that Zn-substituted derivatives of glycerol can be obtained 
by treating monosodium glyceroxide, suspended in an inert solvent, 
with one equivalent of certain acid chlorides, a reaction not con¬ 
templated in the previous papers. 


CH 2 -0H CH 2 *S0 3 Ph CH 2 -OH 

3GH-OH + 3Ph*S0 2 Cl 0H-S0 3 Ph + 20H-OH 
CH s *ONa CH 2 *SO s Ph CH 2 *OH 

Moreover, such trisubstituted products were obtained from disodium 
glyceroxide under identical conditions : 

CH 2 *C0 2 Ph GH 2 -OH 

SGgHgOgNag + 6Ph*COCl 2GH-C0 s Ph + OH-OH 

GH 2 *C0 2 Ph 6 h 2 -oh 


It was revised that the formation of these substances might be due 
to direct interaction of labile chlorine atoms and hydroxyl groups, 

ch 2 -0-c 6 h 3 (N0 2 ) 2 

OH, + 2aK3 6 H s (lf0 8 ) 2 -> OH 2 

CHjOH • CH 2 -0*C 6 H 3 (N0 2 ) 2 

SfelSh© excess erf the sodium deriv&tivemerely serving to destroy the 
hydrogen chloride thos formed. Glyoerol, ethylene glycol, and 
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trimethylene glycol were therefore heated separately with 1-ehloro- 
2 :4-dinitrobenzene in presence of calcium carbonate, and tri- 
methylene glycol mono-2:4-dinitrophenyl ether was treated 
similarly in presence of sufficient inert solvent to dissolve all 
organic matter, but in no ease was there a trace of ionisable halogen 
in the product. It appears clear, therefore, that no condensation 
between halogen atoms and hydroxyl groups occurs during the 
reactions with chlorodinitrobenzene, and that the chlorine removes 
the sodium in the way previously assumed. 

The production from sodium glyceroxide of the tri-ester mentioned 
above might be explicable in the light of Fischer's observation 
( Ber ., 1920, 53,1621, 1634) that mono-esters of polyhydric alcohols 
in ethereal solution in presence of a catalyst such as potassium 
carbonate or sodium ethoxide are moderately rapidly transformed 
into di-esters and free alcohols. A similar explanation is untenable, 
however, in the case of trimethylene glycol bisdinitrophenyl ether, 
for when the mono-ether was treated with a solution of sodium in 
trimethylene glycol under the conditions existing during the 
condensation with chlorodinitrobenzene no bis-ether was found in 
the product, the very different solubilities of the mono- and bis- 
ethers in acetic acid rendering the absence of the latter easily 
provable. 

The a-strueture of monosodium glyceroxide (loo. tit., p. 1036) has 
been confirmed by the following series of reactions using isopropyl- 
idene glycerol (Irvine, Soutar, and Macdonald, J., 1915, 107 , 337; 
Fischer, Ber., 1920, 53, 1589), X denoting p-C 6 H 4 *N0 2 or 3:5- 
C 6 H 3 (N0 2 ) 2 : 


e 2 *oh 

0>OH 

H 2 -OH 


ch 2 -oh 

CH*°H 
f CH 2 *ONa 

\ ?:E 2 '°>CMe 
GH-0 


XU0C1 
in ether 


GH 2 -OH 

CH-OH (IIL) 
CHj’CCXjX 
-\72-Hc1f 

9®f£>CMe 2 (iv.) 

CHg-COgX 


Experimental. 

Trimethylene Glycol Mono-2 : 4-diniircrphenyl Ether (I).—Sodium 
(1*14 g.) was dissolved, in small portions to prevent charring, in 40 c.c. 
of trimethylene glycol, and the solution was stirred and heated at 100 ° 
while a suspension of 10-2 g. of l-ehloro-2:4-dinitrobenzene in 
30 c.c. of the glycol was gradually added. Heating and stirriBg 
were continued until the chlorodinitrobenzene dissolved (| horn). 
The product was poured, into 1000 c.c. of 20% acetic acid an oil 
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being precipitated. The whole was boiled for 30 minutes; most 
of the oil had then redissolved and the remainder had crystallised 
(A). The solution was filtered, and cooled to 0° after 24 hours. The 
colourless needles deposited were dried in a vacuum over sulphuric 
acid and recrystallised from benzene-ligroin (b. p. 40—60°). The 
ether thus obtained (yield 6 g.), m. p. 52°, was soluble in ether, 
benzene, alcohol, acetone, or acetic acid, and sparingly soluble in 
water or ligroin (Found : N, 11-6. C 9 H l0 O 6 N 2 requires N, 11*55%). 

The acetyl derivative prepared by heating the ether for a few 
minutes with 2 vols. of acetyl chloride and acetic anhydride (equal 
parts) and boiling the product with much water, separated from the 
filtered solution in long, colourless needles, m. p. 85°, the yield being 
nearly quantitative (Found: C, 46*1; H, 4*45; N, 9*9. C 1X H 12 0 7 N 2 
requires C, 46*4; H, 4*25 *, N, 9*9%). 

The benzoyl derivative was prepared by shaking a warm mixture 
of the ether and benzoyl chloride with successive small quantities of 
20% sodium hydroxide solution, added in sufficient amount to 
prevent the orange colour from being discharged; water was then 
added. The benzoyl derivative, obtained as a semi-solid mass on 
cooling the mixture, separated from alcohol in colourless crystals, 
m. p. 95°, soluble in most of the common organic solvents (Found: 
N, 8*2. C 16 H 14 0 7 N 2 requires 1ST, 8*11%). 

Trimethylene Glycol Bis-2 : 4- dinitrophenyl Ether (II).—The 
substance (A) mentioned above was sparingly soluble in alcohol, 
ether, or acetone, but by reerystallisation from boiling glacial 
acetic acid the bi &-e£her was obtained in colourless needles (yield 
05 g.), m. p. 180° (Found : C, 44*0; H, ?-2; N, 13*4. C 15 H 12 O l0 N 4 
requires C, 44*1; H, 3*0; N, 13*6%). 

Glyceryl Tri-p-toluenesnlphonate , C 3 H 5 (0*S0 2 *C 7 H 7 ) 3 .—Disodium 
glyceroxide was prepared by the method of Lobish and Loos 
(M&natsh., 1881, 2, 842} (Found: Na, 33*0. Calc., Na, 33*8%). 

A mixture of equimolecular proportions of either mono- or di- 
sodium glyceroxide and p-toluenesulphonyl chloride in dry ether or 
benzene was kept for 24 hours, then boiled under reflux for \ hour, 
and filtered. The glyceride obtained on distilling off the solvent 
slowly solidified, and crystallised from alcohol in colourless needles, 
m. p. 103° (Found: C, 51*6, 51*8; H, 4*8, 4*8; S, 17*4; M, cryo- 
seopic ia benzene, 564. C^Hggt^Sg requires 0, 52*0; H, 4*7; 
S* T?-3% j- 554). 

Glyceryl t$ibenzenesulphoTicUe > obtained in a similar way from 
beiozenesulphonyl clderide, crystallised from alcohol in needles, 
g. p* 80° (Fo^apd; C, 42#; H, 3*9. requires C, 49*2; 

^kA&ion of Benzoyl CMoride upon Sodium Glyceroxides. —The 



SODIUM DEKEVATIVES OS’ TB^ETHYLENE GLYCOD, ETC. 2763 

products obtained by the action of an ethereal solution of benzoyl 
chloride on mono- and di-sodium glyeeroxides were not identical. 

Monosodium glyceroxide yielded a-monobenzoyl glycerol (compare 
loc . cit, p. 1340). 

Disodium glyceroxide yielded tribenzoyl glycerol, which, even 
after repeated crystallisation from ligroin, melted at 71—72° 
(Found: 0,71*25; H,4*95. Calc., C, 71*3; H, 4*95%). Them. p. 
is given by Skraup ( Monatsh ., 1889, 10 , 303) as 75—76*5% by 
Balbiano ( Ber 1903, 36 , 1574) as 71—72°, and by Krafft (ibid., 
p. 4341) as 76°. A comparison of these references and others showed 
that the substance melted at 76° or 72° according as it had been 
crystallised from alcohol or ligroin. The above product was there¬ 
fore crystallised from alcohol. It then melted at 76°. Subsequent 
recrystallisation from ligroin (b. p. 40—60°), or slow solidification of 
the fused material, reduced it to 72° again. 

Action of -p-Nitrobenzoyl Chloride upon Monosodium Glyceroxide .— 
Monosodium glyceroxide was treated with an equivalent quantity of 
p-nitrobenzoyl chloride in ethereal solution, and the reaction carried 
out in the usual manner. The product obtained by filtration and 
evaporation of the solvent was an oil which solidified on cooling and 
crystallised from chloroform in needles, m. p. 107°. A mixture of 
this with a specimen of a-mono-p-nitrobenzoyl glycerol (m. p. 107°) 
prepared by Fischer’s method {Ber,, 1920, 53, 1596) also melted at 
107°. In the preparation of asopropylidene glycerol as an inter¬ 
mediate product in the second method, the resulting liquid boiled at 
78—79°/10 mm. 

iso Propylidene Glycerol 3 : 5 -Dinitrobenzoate (IV).—A mixture of 
11*6 g. of 3:5-dinitrobenzoyl chloride and 8*2 g. of dry quinoline 
was dissolved in 15*6 c.c. of chloroform, 6*7 g. of isopropylidene 
glycerol were slowly added with cooling, and the whole was kept 
for 2 days. The product was shaken successively with water, 
dilute sulphuric acid, sodium bicarbonate solution, and water, then 
dried over ignited sodium sulphate, and the solvent removed. The 
residual oil solidified on cooling, and crystallised from ligroin (b. p. 
40—60°) -benzene in colourless needles (yield 80%), m. p. 85°, 
soluble in benzene, ether, or chloroform, and nearly insoluble in 
ligroin (Found: N, 8*6. C^H^OgNa requires N, 8*6%). 

Glycerol a-Afowo-3: 5-dinitrobenzoate (III).—(a) A mixture of 
equivalent quantities of monosodium glyceroxide and 3:5-dinitro- 
benzoyl chloride in ether was kept for 2 days and then heated under 
reflux. The suspended matter, which had little or no alkaline 
reaction, was filtered off, and the solvent evaporated. The resid&al 
oil, winch solidified, crystallised from chlorofona in colourless 
needles, m. p. 118% soluble in alcohol, ether, or benzene; it atso 
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crystallised easily from water (Found: N, 9*75. C 10 H 10 O 8 N 2 
requires N, 9*79%). 

(b) A mixture of 5 g. of zsopropylidene glycerol 3 ; 5-dinitro- 
benzoate and 100 c.c. of Y/2-hydrochloric acid was stirred and 
heated at 70—80° for 1 hour. The clear liquid was decanted, and 
deposited glycerol a-dimtrobenzoate on cooling. This, after being 
dried in a vacuum over sulphuric acid and crystallised from chloro¬ 
form (yield 70%), melted at 118°, alone or mixed with a specimen 
prepared by method (a). 

The authors wish to express their indebtedness to the Chemical 
Society for a grant to one of them (A. F.) which has partly defrayed 
expenses incurred in this work. 

Kino’s College, London, W.C. 2. [Received, August 1th, 1925.] 


COGLXXX .—The Formation and Growth of Silver 
Nuclei in the Decomposition of Silver Oxalate. 

By James Younger Macdonald and Cyril Norman 
Hinshelwood. 


This paper contains first a description of a sensitive method for 
making direct measurements of the instantaneous rate of reaction 
in a chemical change where gas is evolved, and secondly an account 
of its application in the investigation of certain interesting phenomena 
relating to the thermal decomposition of silver oxalate. 

The decomposition of solid substances frequently offers the 
appearance of being autocatalytic, the rate of change increasing as 
the reaction progresses. This is in many instances due simply to an 
increase in the surface of the solid during the course of the trans¬ 
formation (Phil. Mag.) 1920, 40, 569), but it can also be due to the 
circumstance that the reaction is facilitated by the presence of 
nuclei of one of the products. To whichever cause the acceleration 
is due, the relation between the velocity of change and the amount 
of reaction which has already taken place is a very complicated one. 
The determination of this relation from measurements of the total 
change, x 9 which has taken place at any time, depends upon the 
drawing of tangents to curves of x and t 9 a procedure involving 
a large proportional error. The following method was therefore 
adopted for obtaining direct readings of the actual velocity at 
different times during the reaction. 



ni a vapour 


in a small bulb kept at constant 
The bulb is connected with a 
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McLeod gauge and the gaseous products of the reaction are removed 
by a continuously running Gaede pump. The experiments must be 
made at temperatures where the rate of evolution of gas is not too 
great, so that the pump is able to maintain a fairly high vacuum in 
the apparatus. At intervals measurements of the rate of reaction 
are made by turning off the tap leading to the pump and raising the 
mercury in the McLeod gauge for a pressure reading. At the 
moment when the mercury cuts off the bulb of the gauge from 
communication with the decomposition vessel a stop-watch is started. 
The pressure reading is completed and the mercury lowered, com¬ 
munication with the decomposition vessel being once more estab¬ 
lished. At the end of a suitable time a second reading of the 
McLeod gauge is made, the watch being stopped at the moment 
when the mercury once more cuts off the gauge from the rest of the 
apparatus. In the actual experiments pressure increases of the 
order of 0*1 or 0*01 mm. were measured in periods of time varying 
from 45 seconds to 15 minutes in reactions lasting several hours or 
days. The readings, therefore, can be regarded as instantaneous. 
By the use of gauges of various degrees of sensitiveness in different 
experiments it is possible either to follow the reaction over its whole 
course or to make a more detailed study of the initial stages. 

No investigation has previously been made of the mechanism of 
the decomposition of silver oxalate. It is usually assumed that 
the change takes place in accordance with the simple equation 
C 2 0 4 Ag 2 == 2Ag + 2C0 2 . This was confirmed by an analysis of 
the residue, which was more than 99*8% silver, and of the gas, 
which was pure carbon dioxide containing no trace of carbon 
monoxide. If the reaction involved the intermediate formation of 
carbonate or oxide, carbon monoxide would necessarily appear in 
the gaseous products. 

Various specimens of silver oxalate behaved very differently, 
falling roughly into two classes. One class decomposed with the 
most marked acceleration, the maxi m u m velocity being about 200 
times greater than the initial velocity. The other class showed very 
much less acceleration, and the velocity, instead of passing through 
a sharp maximum, remained steady over a large part of the whole 
course. Specimens of this second class were on the whole about 
ten times as stable as those of the first class. The difference was 
traced to one factor in the method of preparation. All the speci¬ 
mens were prepared by precipitation of silver nitrate with sodium 
oxalate. Those precipitated under such conditions that the sodium 
oxalate was in excess throughout belonged to the unstable accelerat¬ 
ing type, whilst those precipitated with silver nitrate always in 
excess belonged to the stable, feebly accelerating type. 
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The method of preparation was carefully standardised. The 
precipitant which was not to be in excess was run slowly as a fine 
continuous stream in the course of about i hour into a solution of 
the other salt, which was vigorously agitated by a mechanical 
stirrer. All the solutions were very dilute—an obvious precaution 
in view of Richards’ well-known investigation of the occlusion 
difficulties of Stas—and the precipitation was carried out in black¬ 
ened vessels at the ordinary temperature. The silver oxalate was 
repeatedly washed by decantation, and dried in a vacuum desiccator 
kept in a dark cupboard. As far as we are able to judge, all factors 
were exactly the same in the preparation of the two types of silver 
oxalate except that one or other precipitant was in excess. 

The autocatalytic acceleration is not due to carbon dioxide, since 
it takes place in a vacuum. It is not due simply to increase in 
surface, as with potassium permanganate and some other solids 
(i loo . cit.) } since it cannot be eliminated by preliminary grinding. 
It must be due, therefore, to nuclei of solid silver formed in the 
decomposition. Since the initial velocity is very small compared 
with that finally attained, the whole course of the reaction is evidently 
governed by the formation and growth of these nuclei. The 
decomposition of solids is essentially a surface phenomenon. More¬ 
over, the devitrification of glass, which depends upon the formation 
of crystal nuclei, is known to start from the surface, since the wash¬ 
ing of the surface with dilute hydrofluoric acid removes the tendency 
to further devitrification on heating. It is very probable that in a 
similar way the silver nuclei are formed at the surface of the oxalate 
crystals. The formation of nuclei and their subsequent growth 
are independent phenomena both of which are extremely sensitive 
to the presence of foreign substances (compare Zsigmondy, “ Kolloid- 
chemie,” 1922, p. 144). When silver oxalate is precipitated with 
excess of silver nitrate and sodium oxalate, respectively, there will 
probably be different ions adsorbed. The different behaviour of 
the oxalate prepared by these two methods is to be attributed to 
the effect of the adsorbed ions on the chance of formation of silver 
nuclei in the solid and on their subsequent growth. 

As the silver oxalate was always very thoroughly washed during 
preparation, only the definitely adsorbed ions need be taken into 
account* 

The decomposition bulb was protected from light by a covering 
el tinfoil 

About fifty experiments were carried out with twelve specimens 
of oxalate. Some of the results are in the following tables and 
nerves ; i is the tame in minutes, and v the velocity of reaction in 
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Temperature 131*8°. 


(a) Silver oxalate precipitated 
with excess of sodium oxalate. 


t . 

V, 

t. 

v . 

5 

5-3 

39-5 

756 

12 

60 

43 

628 

18 

147*5 

49 

434 

21 

216 

53 

340 

25 

384 

60 

192 

28-5 

725 

75 

154 

30*5 

958 

96 

46 

32*5 

850 

140 

28-5 

35-5 

888 

263 

13*3 


This specimen was precipitated 
with a very large excess of oxalate, 
and is one of the most unstable. 


(5) Silver oxalate precipitated 
with excess of silver nitrate. 


t. 

v. 

t. 

V. 

3*5 

7 

240 

48 

10 

13 

270 

50 

33 

32 

305 

48 

43 

28 

335 

31 

47 

33 

360 

24 

60 

31 

420 

18 

105 

50 

540 

13 

150 

43 

600 

6*3 

180 

43 




The rise and fall in velocity is 
quite real, and presumably connected 
with the fact that the oxalate grains 
are not quite uniform. w 


Using a more sensitive gauge it is possible to see in more detail 
the initial variations in rate. The following results were obtained 
with a rather more stable specimen of oxalate. Up to 100 minu tes, 
the decomposition amounts to about 1% only. Temperature 
131-6°. 



V. 

t. 

v . 

t. 

V. 

t . 

V. 

5 

3*4 

32*5 

45*8 

77-5 

224 

135 

477 

12*5 

3-9 

37*5 

62-8 

86*5 

255 

149 

526 

17*5 

5*8 

47*5 

107*2 

97*5 

310 

165 

549 

22*5 

15*6 

58-5 

152 

110-5 

374 

198*5 

580 

27*5 

26*8 

67*5 

183 

121 

407 

204-5 

618 


In this experiment, the maximum rate of nearly 3000 was reached 
in about 6 hours. 

It is worth while to give in full the results of one more experiment, 
made at 110° with a specimen of the accelerating type. Attention 
may be directed to the long period of steady velocity following the 
sharp fall from the maximum. 


t. 

if. 

t. 

v. 

t. 

v . 

5 

1-09 

759 

182 

2,405 

83-2 

15 

1-22 

832 

214*5 

2,575 

83-5 

25 

1-28 

881 

224*5 

2,813 

78*7 

40 

1-79 

936 

251 

3,127 

72*9 

60 

2*70 

1,126 

298 

3,858 

51*4 

85 

4-72 

1,197 

276 

4,303 

45*9 

135 

12-0 

1,331 

228 

5,180 

33-7 

170 

18*6 

2,400 

189*5 

6,012 

25-7 

245 

35-7 

1,607 

115 

6,708 

19-3 

313 

50*0 

1,737 

98*0 

8,873 

16-7 

438 

69*4 

2,293 

78-0 

9,617 

14-1 

533 

90-8 

2,310 

82*9 

13,920 

8-7 





19,700 

5-6 


The relation between the velocity and the amount 
is not by any means simple. G. N. Lewis, investigating the sorne-^ 
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what similar decomposition of silver oxide (Z. physikal. Chem 
1905, 52, 310), thought that the results could be expressed by the 
simple equation for homogeneous autocatalysis dxjdt = lex {a — x). 
It is difficult to see how the complex process of nucleus formation 
and growth can be so represented. The applicability of the 
equation to the silver oxalate decomposition can be tested in two 
ways, {a) dxjdt is plotted against t and, by square counting, a 
curve of x and t is constructed. It is then readily seen by plotting 
log [dxjdt/(a — x)] against log x whether the rate per unit amount 

Tig. 1. 

Influence of the method of precipitation on the decomposition of silver oxalate. 
1000 r 


•g 800 


^ 600 


400 


^ 200 


40 60 80 100 120 

Time in minutes. 

Curves I and II: silver oxalate precipitated in presence of excess of 
sodium oxalate. Curves III and IV : excess of silver nitrate. 

of oxalate is a linear function of x. It is not. The rate depends 
upon a power of x which not only varies but is always less than 
maty. (5) For the very early stages of the reaction, as measured 
with a more sensitive gauge* the equation reduces to dxjdt = kx, 
but to account for the fact that the reaction starts at all this has in 
any case to be written dxjdt = k (x + x 0 ) y where ar 0 is a small 
constant quantity which determ in es the actual initial rate/ From 
this it follows that log dxjdt = let + constant. This gives a con¬ 
venient means of plotting the results without resorting to the 
laborious process of square counting. The following table contains 
■ M nt' typical results* the figures referring to the initial stages of 
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one of the experiments already quoted (second table), dxjdt = v. 
When t = 5, log v = 0‘53. 


- 5. 

logv — 0*53. 

log v — 0*53 
t — 5 

t - 5. 

log v — 0*53. 

logv — 0-53 
t - 5 ’ 

12*5 

0*23 

0*0184 

53*5 

1*652 

0*0309 

17*5 

0*663 

0*0379 

62*5 

1-713 

0*0274 

22*5 

0*898 

0*0399 

72*5 

1*820 

0*0251 

27*5 

1*131 

0*0412 

81*5 

1*877 

0*0230 

32*5 

1*268 

0*0390 

92*5 

1*961 

0*0212 

42*5 

1*500 

0*0353 

105*5 

2*043 

0*0194 


Influence of Adsorbed Gases on the Silver Nuclei .—Some experi¬ 
ments were also made in which the silver oxalate was allowed to 
decompose in a small bulb connected with a gas burette, the rate of 
reaction being measured simply by the total evolution of carbon 
dioxide. The results were most unexpected. Sometimes there was 
no trace of acceleration, even with specimens prepared by precipit¬ 
ation with excess of sodium oxalate. At other times the acceleration 
made its appearance after varying intervals of time in an uncon¬ 
trollable manner. This was all traced to the influence of the air 
initially present in the bulb. Further investigation showed that 
oxygen has a pronounced poisoning influence on the reaction. This 
is evidently due to its being adsorbed on the nuclei of silver as soon 
as they are formed on the surface. Their growth is thus hindered 
or stopped. Experiments carried out in an atmosphere of carbon 
dioxide followed almost exactly the same course as those carried 
out in a vacuum and the influence of nitrogen appears to be but 
slight. Fig. 2 shows clearly the pronounced poisoning influence of 
air. The explanation is now obvious of the puzzling results obtained 
when silver oxalate is allowed to decompose in a bulb initially 
filled with air which is gradually replaced by carbon dioxide; there 
is a sudden acceleration of the reaction when the air is all displaced 
from the surface of the crystals. In order to study the reaction 
under conditions where the poisoning effect of air was constant, 
experiments were made in a stream of air, the rate of reaction 
being measured periodically by cutting off the stream and allowing 
the pressure to rise. The stream was sufficiently slow for there to 
be no appreciable cooling effect, as the air passed through a consider¬ 
able length of heated tubing before actually coining into contact 
with the silver oxalate. In a continuous stream of air, or even in 
the presence of still air the reaction is spread out over a time about 
ten times as long as in a vacuum or in presence of carbon dioxide. 
The poisoning effect is relatively more marked with the unstable 
accelerating specimens precipitated with excess of sodium oxalate 
than with those precipitated in presence of an excess of silver 
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nitrate, since in the latter the acceleration is already to some extent 
inhibited. 

The changes in colour which accompany the decomposition are 
interesting, the white oxalate passing through pale to deep brown 
and then becoming black. When the reaction is nearly complete 
some sort of recrystallisation of the silver seems to occur and the 
whole mass becomes almost white. Addition of the final product 
does not cause an increase in the rate of reaction. Evidently 
coarser particles of silver are not effective in catalysing the change 
in the same way as the minute nuclei formed in the space lattice of 

Rig. 2. 

Influence of air on the decomposition of silver oxalate . 



0 60 120 180 240 

Time in minutes. 


the oxalate crystals themselves. Experiments were made on the 
influence of previous grinding. This produced some increase in the 
rate of reaction, but did not eliminate the autocatalysis as with 
potassium permanganate and some other solids. 

The influence of temperature was investigated with a few of the 
specimens. It is normal, and more or less unif orm throughout all 
stages of the decomposition. Over the range 100° to 150° the rate 
i mssm s m epi^&im^teiy 2*7 times for 10°. 

Summary . 

The themial deecmiposition of silver oxalate takes placein accord- 
'■mm the simple equation (CO*OAg) 2 = 2Ag + 2C0 2 . 
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Its rate is governed entirely by the formation and growth of 
nuclei of silver in the space lattice of the oxalate crystals. 

These processes are sensitive to the presence of adsorbed ions, 
since silver oxalate precipitated in presence of excess of sodium 
oxalate behaves quite differently from that precipitated in presence 
of excess of silver nitrate. This is in some respects analogous to the 
influence of adsorbed ions on the photo-sensitivity of silver bromide 
described by Fajans and Frankenburger (Z. Elektrochem 1922, 28, 
499). 

In a vacuum and in an atmosphere of carbon dioxide the rate of 
reaction is the same, but the presence of oxygen has a very pro¬ 
nounced poisoning effect on the silver nuclei. This is an example of 
catalytic poisoning of a new kind. The influence of adsorbed ions 
and of oxygen seems to show that the nuclei must be first formed at 
the surface of the oxalate crystals, rather than at any point in the 
interior. 

Physical Chemistry Laboratory, 

Balliol College and Trinity College, 

Oxford. [Received, July 4th, 1925,] 


CCCLXXXI .—The Influence of Different Nuclei on the 
Absorption Spectra of Substances . 

By John Edward Purvis. 

In previous papers (J., 1914, 105, 590, 1372) the author described 
the absorption spectra of substances containing several benzene 
nuclei, and it was shown that the phenomena were very different 
in substances containing two, three, and four benzene residues 
even when the nuclei with which they were combined had no specific 
absorption. 

The aim of this communication is to describe the absorption 
spectra in the ultra-violet region (1) of substances in which each 
nucleus shows specific absorption when uncombined, and (2) of 
substances in which only one of the nuclei shows specific absorption. 
Alcoholic solutions of the following substances were examined: 
Salicylic acid, phenyl salicylate, o-acetoxybenzoic acid, benzyl 
salicylate, thymol salicylate, camphor, camphor salicylate, theo¬ 
bromine, theobromine salicylate, theobromine o-acetoxybenzoate, 
caffeine, caffeine salicylate, caffeine benzoate, caffeine citrate* 
caffeine hydrochloride, phenazone, phenazone salicylate, quinine, 
quinine salicylate, and quinine o-acetoxybenzoate. Most qliffhe 
substances were examined in the first instance in M /200-s^lutioni 
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but theobromine and caffeine and their salicylates were soluble 
only in about M /2,000-strength. A condensed cadmium spark was 
the source of radiant energy. 

Salicylic acid , Hartley’s observation (J., 1888, 53, 641) that 
this substance has two bands in the ultra-violet region has been 
confirmed. 

Fig. 1. 


Oscillation frequencies . 

SO 32 34 36 3S 40 42 44 



Upper curves* Lower curves. 

I Phenyl salicylate. I Theobromine. 

H o-Acetoxybenzoic acid, II Theobromine salicylate. 

Ill Camphor salicylate. Ill Theobromine o-acetoxybemoate. 


Phenyl salicylate. This has two bands like those of the acid* 
Ou ectoparhag photographs of the two substances it was clear that 
there was a shift towards the red end and the less refrangible band 
of the salt was not so strong as that of the acid; and also the 
more refrangible band was better marked. Fig. 1,1 (upper series) 

€hAc€toxtfimzm& add. The replacement of the hydrogen in the 
hydroxyl group by aeetyl has produced a striking change in the 
absorption (Kg. 1*11* upperseries). The less refrangible band at 
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1/X3650 (X2740) is much weaker and is shifted towards the more 
refrangible regions. When the spectrum is compared with that of 
salicylic acid or phenyl salicylate, the more refrangible band is 
represented by an extension of the rays from 1/X4150 (X2408) to 
1/X4350 (X2298). The general appearance of the absorption is not 
unlike that of benzoic acid and this is usually assigned to the 
benzene nucleus. 

Thymol salicylate . Benzyl salicylate . The bands of these two 
substances were similar to those of salicylic acid and phenyl salicyl¬ 
ate, and differed chiefly in position, corresponding to differences in 
their respective molecular weights. The three benzene bands of 
the benzyl nucleus do not appear as they do in such substances as 
dibenzyl carbamate and benzyl chloride (Purvis, J., 1914, 105, 
1372; 1915, 107, 496). The curves have not been reproduced. 

Camphor salicylate. The curve (Fig. 1, III, upper series) shows 
that the two bands of the acid have not been very much affected. 
The differences are that the less refrangible band is not so strong 
as that of salicylic acid or of phenyl salicylate, and the more 
refrangible band is weaker. Camphor has a weak band at 1/X3480 
(X2870) as described by Baly, Marsden, and Stewart (J., 1906, 89, 
979) and confirmed by Hartley (J., 1908, 93, 961) and by the author 
(J., 1915, 107, 643). 

Theobromine ; theobromine salicylate ; theobromine o-acetozybenz- 
oate. Caffeine; caffeine salicylate. Hartley (J., 1905, 87, 1796) 
describes the absorption spectra of theobromine and caffeine. 
His photographs show a definite hand in theobromine but not in 
caffeine. In the text he states that “ there is a sudden lengthening 
of the spectrum and its enfeeblement between 1/X3675 (X2720) and 
1/X3794 (X2635), as if an absorption band was indicated hereabouts 
of a very feeble or ill-defined character. 5 ' The author has repeated 
the observations and finds that caffeine has a definite band like 
that of theobromine, but shifted a little more towards the red end. 
The curves of theobromine and its salts (Fig. 1, I, lower series) 
show that the rays passing through theobromine salicylate rapidly 
step out between 1/X3030 (X3298) and 1/X3350 (X2980), and there 
is a band at 1/X3650 (X2740). It is obvious from this that the acid 
nucleus exerts some influence on the absorption. The curve of 
theobromine o-aeetoxybenzoate shows considerable differences. 
It is not unlike that of theobromine itself but narrower, and the 
ultimate effect is comparable with that of salicylic acid and 
0 -aeetoxybenzoie acid described above. 

Solutions of caffeine and caffeine salicylate show similar pheno¬ 
mena to theobromine and theobromine salicylate. 

Caffeine benzoate: caffeine citrate : caffeinehydrocUor 
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tions of these salts give results like those of the base itself, except 
in regard to the positions of the bands, 'which vary according to the 
molecular weights. The author (J. 5 1915, 107, 966) showed that 
benzoic acid has a weak band at 1/X3600 (X2770), and also that 
there was a rapid step-out of the rays from about 72320 into the 

Pig. 2. 

Oscillation frequencies. 

30 32 34 36 38 40 42 44 


28 mm. 
Mj2000 


28 mm. § 
Ml20000 .$ 


28 mm. § 
Ml 2000 'I 

*'3 

&3 


2S mm. 
M /20000 


Upper curves. Lower curves. 

I Phmazone. 1 (continuous) Quinine. 

II Phenazone salicylate. II (dash) Quinine salicylate* 

III (dash and dot) Quinine o-acetoxybenzoate. 

Schumann region. Hartley and Hedley earlier (J., 1909, 91, 314) 
had indicated the presence of the weak band only. It is clear, 
therefore, that the acid nucleus has not affected the general form 
of the caffeine absorption. Neither citric acid nor hydrochloric 
acid gives specific absorption in these ultra-violet regions. The 

Phetwzone ; pkm^one suUcylate. The curve shows {Fig. 2, upper 

'■ two wide bands at 1/X3600 (72776) 
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and 1/X4150 (X2409). The salt shows a rapid extension of the rays 
between 1/X3O50 (X3270) and 1/X3260 (X3066), and two weak bands 
at 1/X3400 (X2940) and 1/X4100 (X2438). As in theobromine and 
caffeine, the rapid extension of the rays may mean the remnant of 
the less refrangible band of salicylic acid. 

Quinine , quinine salicylate , quinine o-aceioxybenzoate. Hartley 
{Phil. Trans., 1885,176, 471) first described two bands in solutions 
of quinine at about 1/X3100 (X3225) and 1/X3600 (X277G). Dobbie, 
Lauder, and Fox (J., 1911, 99, 1254; 1912, 101, 77) described a 
third weak band at 1/X3740 (X2670). The author has repeated these 
experiments and finds only a very weak indication of this third 
band. The curves (Fig. 2, lower curves) show that the original 
quinine bands have suffered some changes in strength and position 
in the salicylate. Both the bands of the salicylate are weaker than 
those of the base. In the case of the o-acetoxybenzoate there is a 
return to phenomena not unlike those of the base itself, and there 
is a shift back nearer to the latter. These changes are comparable 
(although the differences are not so great) with those of salicylic 
acid and o-acetoxybenzoic acid and of theobromine and its salts 
described above. The rapid extension of the rays from 1/X4100 
is noticeable in all three substances. 

Results .—The chief results of these observations are: (1) the 
bands of phenyl, benzyl, thymol, and camphor salicylates are com¬ 
parable with those of salicylic acid : the differences from the latter, 
and from one another, being chiefly in position and strength; (2) 
the basic nucleus is the chief agent in the specific absorption of the 
benzoate, citrate and hydrochloride of caffeine ; (3) in the salicyl¬ 
ates of theobromine, caffeine, phenazone and quinine, the acid 
nucleus modifies that of the basic nucleus to a larger extent, but least 
in the quinine compound: (4) in o -acetoxybenzoic acid, and in the 
o-acetoxybenzoates ox theobrom i ne and quinine the replacement 
of the hydrogen of the hydroxyl group by the acetyl group exerts 
a very great influence on the final absorption. 


It is clear, therefore, that the specific and the general absorption 
of these substances depend upon three factors; (&) the nature of 
the base, (b) the nature of the acid, and (c) the presence of hydrogen 
in the hydroxyl group. Now benzoic acid has a very weak band at 
1/X3600 (X2777) and phenol a very strong one at 1/X3670 (X2720). 
The earboxyl group In the one and the hydroxyl group in the other 
destroy the well-known bands of benzene: and the hydroxyl group 
replaces these by a much stronger one than is produced by the 


carboxyl group. It appears from these experiments that &e 
replacement of the hydrogen atom of the hydroxyl group 
radical, not itself possessing any specific absorption, dem>a^eer"^e| 
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absorption capacity of the other parts of the molecule: or, to 
put it another way, the vibration of this hydrogen atom is a very 
powerful factor in the absorption. 

Public Health Chemical Laboratory, 

Cambridge. [Received, September 14th f 1925.] 


CCCLXXXII .—The Possible Enhanced Activity of 
Newly-formed Molecules. 

By Frank Robert Goss and Christopher Kelk Ingold. 

In the course of investigations carried out during the past few 
years, the authors have frequently been unable to confirm an 
apparently obvious reaction mechanism by preparing the supposed 
intermediate products and subjecting them to the conditions of 
the original experiment; the substances either remained unaltered 
or behaved differently from expectation. Similar experiences have 
been recorded by others, and the phenomenon appears sufficiently 
widespread to give some support for the suggestion that intermedi¬ 
ates may be produced in a reactive condition in which they are 
capable of changes which cannot occur after the energy associated 
with the formation of the compound has been dissipated. This 
hypothesis of e< nascent molecules 55 is, of course, not new; but it 
is one which should be accepted only after conclusive evidence 
has been furnished, and whilst it is not claimed that the observations 
recorded in this paper constitute sufficient grounds for embracing 
so far-reaching a hypothesis, they appear to possess some sig¬ 
nificance from this point of view. 

Two mechanisms suggest themselves for the formation of the 
eycfcbutane ester (IV) (Markovnikov and Krestovnikov, Annalen, 
1880, 208, 334) from a-chloropropionic ester (I) and sodium eth- 
oxide : the elimination of hydrogen chloride is either inter-molecular, 
in which case y-chloro- a-methylglutaric ester (II) is the inter¬ 
mediate product, or intramolecular, ethyl acrylate (III) being first 
famed: 

9H 2 -chci-x 

; '■ \/ 2>CH*CH 3 (II.) CH^QHX 

X-CHOKiH, yxaBrba, (IV.) 

■■ i ''.' • x-ch:ch 2 (in.)] 

(X=CO*Et) 

She cMaro-eeter (II) has been prepared and subjected to the 
aetksa of sodium ethoxide under the same conditions. It gave no 
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detectable quantity of the cycZobutane ester, but, on the other 
hand, yielded the cs/cZopropane ester (V), together with the lactonie 
ester (VI), the unsaturated ester (VII) and the ethoxy-ester (VIH), 


(V.) 


tt r ^0H-C0 2 Et 
2 C(CH 3 )*C0 2 Et 


tt p < X)H(C0 2 Et)*0 
^ uI(CH 3 )—CO 


(VI.) 


G0 2 Et‘CHMe*CH:CH*C0 2 Et CO^t-CHMe-CE^-OHCOEtJ-GOaEt 
^ (vii.) (vm.) 

Acrylic ester (III) was treated in a similar maimer. Again no 
cf/cZobutane ester could be detected, but only its unsaturated 
isomeride, a-methyleneglutaric ester (IX), which was the chief 
product apart from (3-ethoxypropionic ester (X). 

(IX.) C0 2 Et*CH 2 *CH 2 *C(:CH2)‘C0 2 Et EtO-C^CH^OgEt (X.) 


Although these experiments provide no direct evidence of the 
intervention either of (II) or of (III) in the series of changes leading 
to the cycZobutane ester (IV), it may not be inappropriate to suggest 
that if the later change depends on the energy of formation of the 
intermediate, probably it is acrylic ester that acts in this way; 
for not only are four-membered rings produced on the whole more 
easily by additive synthesis than by the closure of a chain, but 
also the double linking in acrylic ester is more likely to derive 
temporary activity from its own formation than are the chlorine 
or methyl-hydrogen atoms of (II) from a reaction in which they 
are not directly concerned. In this connexion, the suggestion may 
tentatively be advanced that the double bond in acrylic ester is 
possibly semi-polar when first produced (which it would be if 
hydrogen and chlorine were removed from chloropropionic ester, 
not as atoms, but as ions), although it is undoubtedly non-polar 
in the ordinary substance (Sugden, Beed, and Wilkins, this vol., 
p. 1525). 

It has been observed (J., 1922,121,1552) that a-eampholenic acid 
(XI) when warmed with an alkaline suspension of silver oxide 
becomes partly converted into camphor (XHI), and the suggestion 
was advanced that reduction to dihydrocampholenic acid (XII) 
first occurred. This reaction has again been investigated and 
both cis- and Zra^-dihydrocampholenic acids have been subjected 
to similar experimental conditions; both, however, remained 
unaltered. 

CgH^-CH.-CO^ C 8 H 15 -CH 2 -C0 2 H CgH* 

(xi.) (xii.) (xm.) 

Other cases have been observed in connexion with the 
of the cycZopropanol ring. It has been shown that n 
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c^cfopropanes on treatment 'with demethylating agents yield first 
c?/cZopropanols, which may undergo further conversion into open- 
chain ketones, the extent of the latter reaction being limited by 
its reversibility and the consequent equilibrium, which varies from 
case to case: 


c<£ 0H 


c< 


CO- 

CH- 


In the case of the raethoxy-ring acid (XIV), the corresponding 
keto-acid is, of course, acetosuccinic acid (XV), which, if acid is 
used as demethylating agent, passes into Isevulic acid with loss of 
carbon dioxide. It is more remarkable, however, that when 
concentrated alkali is employed, Isevulic acid is still the sole product, 
although acetosuccinic esters yield mainly succinic and acetic acids, 
and only a small proportion of Isevulic acid, under these conditions. 
On the other hand, if alkali of the same strength is used to open 
the ring in the cycZopropene acid (XVI)—a reaction which, in view 
of the known tendency of glutaconic acids to add on water in tht 
presence of alkalis, giving hydroxy-acids (e.g., XVII), can scarcely 
be supposed to proceed otherwise than through acetosuccinic acid— 
only succinic and acetic acids are produced. 


(XIV.) G0 2 H-CH<^°^ H 3 C0 2 H*CH<^ C ^ h (XV. 

(XVI.) C0 2 H-CH<fi'^3 C0 2 H-CH<?^C®3 (XVII.) 

C^OOgtL CH’COgH 

Whilst the mechanism formulated below has been established as 
the most probable one for the formation of Balbiano’s acid (XXI) 
from camphoric acid (XVIII) by oxidation, Pandya and Thorpe 
(J., 1923, 123, 2858) synthesised the intermediate hydroxy-ring 
acid (XX) but could not convert it into Balbiano’s acid. Although 
working with other ends in view, they were struck by this and 
suggested that the real intermediary was the opposite stereo- 
isomeride to that which they had synthesised; it can, however, 
readily be seen from models that the intervening hydroxy-acid 
should possess precisely the configuration of the acid which Pandya 
and Thorpe synthesised and found unreactive. Other similar 
instances involving the failure of a ring to open have been recorded 
from time to time and some of these are now under investigation. 
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Experimental. 

Action of Sodium Ethoxide on Ethyl a- Chloropropionate. —Ethyl 
a-chloropropionate, prepared from pure* dry lactic acid (Briihl, 
Ber ., 1876, 9, 35), was treated with sodium ethoxide as described 
by Markovnikov and Krestovnikov (Zoc. cit.) and by Haworth and 
Perkin (J., 1898, 73, 336). To 20 g. of the ester at 80°, dry sodium 
ethoxide (10 g.) was added in small portions; the temperature was 
finally kept at 100° for 3 minutes, and after cooling the product was 
poured into dilute acid and isolated by extraction with ether. As 
stated by Markovnikov and Krestovnikov, it consisted mainly of 
ethyl a-ethoxypropionate, b. p. 50°/4 mm. This was converted 
into its amide, which melted at 63° after crystallisation from petrol 
(b. p. 40—60°) and was identified with that described by Wurtz 
(Ann. chim. } 1860, 59, 174) (Found: C, 50-9; H, 10*0. Calc., 
C, 51*2; H, 9*5%). The remainder (about 10%) of the product, 
b. p. 120°/4 mm., consisted of the c?/cZc>butane-l : 3-dicarboxylic 
<S8ter, which was converted by hydrolysis into the corresponding 
acid, m. p. 170°, as described by Markovnikov and Krestovnikov. 

Action of Sodium Ethoxide on Ethyl ot-Chloro-y-methylglutarate .— 
Ethyl a-chloro-y-methylglutarate (this vol., p. 393) was prepared 
by treating the lactone of ethyl a-hydroxy-y-methylglutarate with 
phosphorus pentachloride and pouring into alcohol. The decom¬ 
position with sodium ethoxide (12 g. and 40 g. of the ester) was 
carried out as described above, and the product was completely 
hydrolysed. The acids were digested for some days with an aqueous 
Juspension of precipitated calcium carbonate, and the filtered 
solution “was concentrated and allowed to crystallise; the calcium 
salt of the Zra?w-cycZopropane acid (m. p. 168°) then separated. The 
filtrate from the calcium salts was worked up for organic acids, 
vrhich were converted through their silver salts into benzyl esters. 
The portion of these boiling below 240°/15 mm. yielded the original 
lactone on hydrolysis. By distillation at 1 mm. the less volatile 
esters were separated into a small preliminary fraction from which 
on hydrolysis a-methylglutaeonie acid together with a liquid 
acid (probably the ethoxy-acid described below) was obtained, and 
a fraction (32 g.), b. p. 230—260°, which on hydrolysis gave a liquid 
consisting, as analysis indicated, mainly of the ethoxy-acid. This 
was purified by careful distillation of the ethyl ester, b. p. 126— 
129°/12—14 mm. (Found; 0, 58*1; H, 9*0. requires 

0, 58*5; H, 8*9%); the liquid acid was recovered by hydrolysis 
(Found : 0, 50*2; H, 7*5. C 8 H 14 0 5 requires 0, 50*5; H, 7*3%). 

Action of Sodium Ethoxide on Ethyl Acrylate. —Ethyl acryk^e 
was prepared from ethyl ap-dibromopropionate by Bohm’s method 
vol. cxxvn. 5 b ; V 
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( Ber 1901, 34, 573). The reaction was carried out exactly as 
described in the case of ethyl a-chloropropionate, except that for 
20 g. of ester 15 g. of sodium ethoxide were employed. The products 
were isolated in an identical manner and again consisted to the 
extent of nine-tenths of a liquid distilling at 50°/4 mm. and one- 
tenth of a liquid distilling at 120°/4 mm. The former was shown 
to be ethyl p-ethoxypropionate (compare Purdie and Marshall, 
J., 1891, 59, 475) by conversion into the corresponding amide 
described by Kilpi (Z. pfiysikal. Chem ., 1912, 80, 184), which was 
crystallised from water; m. p. 50° (Found: G, 50*6; H, 10*1. 
Calc, for CgH-^OaN, C, 51*2; H, 9-5%). The high-boiling fraction 
consisted of ethyl a-methyleneglutarate and yielded on hydrolysis 
the corresponding acid, m. p. 130° (Rohm, Ber. } 1901, 34, 427). 

a-Campholenic Acid and a-Campholenamide.- —atf-Campholeno- 
nitrile, b. p. 100°/5 mm., was prepared by the method of Tiemaim 
(Ber., 1895, 28, 2167) from d-camphoroxime, and obtained in 
75% yield. It was converted into a mixture of the acid and amide 
by boiling 3 g. with a solution of 5 g. of potassium hydroxide in 
25 c.c. of ethyl alcohol. Addition of water precipitated the amide, 
m. p. 122°, and more was obtained by extracting the filtrate. The 
acid extracted after acidification of the mother-liquor distilled 
at 137°/1 mm. 

a-Campholanic Acid .—The cis-acid was prepared by the reduc¬ 
tion of a-campholenic acid with hydrogen and platinum black 
(Lipp, Ber., 1922, 55, 1883). It was distilled at 140°/1 mm. 

The trans-acid was obtained by reducing a-campholenamide in 
the same way ( loc . cit .) and hydrolysing the a-campholanamide first 
formed by boiling for 50 hours with 3 g. of potassium hydroxide in 
15 c.c. of alcohol. The acid was distilled at 141° jl mm. 

Action of Silver Oxide on a-Campholenic Acid and a-Campholanic 
Acid .—a-Campholenic acid and cis- and tram- a-campholanic acids 
were added in separate experiments to a suspension of 2*5 g. of 
silver oxide in a solution of 0*5 g. of calcium oxide in 25 c.c. of 
water. In the experiment with a-campholenic acid, the silver 
oxide was rapidly reduced and the amount of camphor deposited 
in the condenser reached a maximum after 4 hours 5 heating. The 
saturated acids, however, gave no trace of camphor under similar 
conditions even after several days, and the silver oxide remained 
apparently unaltered. 

Action of BydrocMoric Acid on 3 -Methoxy- 3 -methylcyclopropane- 
1: 2-dicarboxylic Acid .—The acid, prepared as described by Goss, 
Ingold, and Thorpe (J., 1923, 123, 3358; this vol, p, 468), was 
boiled for 2 hours with ten times its weight of 20% hydrochloric 
acid. From the product a quantitative yield of lsevulic acid was 
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obtained, which was identified by direct comparison and through 
its semicarbazone and phenylhydrazone, the m. p.’s of which were 
not depressed by admixture with genuine specimens of the respec¬ 
tive substances. The lactone of 3-hydroxy-3-methylcycZopropane- 
1:2-dicarboxylic acid was unaffected by this treatment. 

Action of Potassium Hydroxide on 3-M ethoxy-3-meihylcyclo- 
propane-1 ; 2-dicarboxylic Acid. —The acid was boiled for 30 minutes 
with 64% aqueous potassium hydroxide. From the cooled solution 
ether extracted Isevulic acid, which was identified as described above. 
The lactone of 3-hydroxy-3-methylcycZopropane-l : 2-dicarboxylic 
acid was unaffected by the same treatment. 

Action of Hydrobromic Acid on the Methoxy-acid: Formation of 
3-Methyl-A 2 -cyclopropene- 1 : 2-dicarboxylic Acid .—The methoxy-acid 
was boiled for 1 hour with 20 parts by weight of concentrated 
hydrobromic acid, and the resulting solution was diluted and 
extracted with ether, methylcycZopropenedicarboxylic acid being 
obtained. 

Action of Potassium Hydroxide on 3-M ethyl-A 2 -cyclopropene- 
1: 2-dicarboxylic Acid .—(1) The ring-acid was boiled for 2 minutes 
with 55% aqueous potassium hydroxide, and the solution was 
cooled, strongly acidified, and extracted with ether. Unchanged 
material was recovered. 

(2) The experiment was repeated, the time being increased to 
30 minutes. The product consisted of a mixture of the cyclo- 
propene acid and succinic acid, which were separated by fractional 
crystallisation and identified by direct comparison. 

(3) The ring-acid was boiled for 2 minutes with 64% potassium 
hydroxide. On working up for acids, a mixture of the cycZopropene 
acid and succinic acid was obtained. 

(4) The above experiment was repeated, the time being increased 
to 30 minutes. The solid product consisted solely of succinic acid. 
Acetic acid also was produced, but this was detected by qualitative 
tests only and was not purified. 

We desire to thank the Chemical Society for a grant which has 
defrayed part of the expense of this investigation. 

The University, Leeds. [Received, May 21$f, 1925.] 
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CCCLXXXIIL —Researches in the Menthone Series. 

Part I . 

By John Read and Alison Maby Ritchie Cook. 

The information hitherto available respecting dZ-menthone is 
derived mainly from the work of Pickard and Littlebnry on the 
catalytic reduction of thymol (J., 1912, 101, 109) and a note by 
Wallach on the catalytic reduction of synthetic dZ-Akp-menthen- 
3-one ( Annalen , 1913, 397, *217). It is questionable whether a 
pure specimen of dZ-isomenthone had been prepared and recog¬ 
nised as such prior to the work of Hughesdon, Read, and Smith 
on the reduction of piperitone (J., 1923, 123, 2916). The “ inactive 
menthone 55 prepared by Wallach gave the semicarbazone (m. p. 
212°) characteristic of dZ-wmenthone, whilst the derived oxime 
(m. p. 79—80°) corresponded with ^Z-menthone. These and other 
apparent inconsistencies in the literature of the subject have now 
been satisfactorily explained, and it has been found possible to 
convert dZ-piperitone at will into derivatives of either series. 
Alkaline reduction of dZ-piperitone (1, below) yields a mixture of 
liquid and solid menthols, in which it has not proved possible to 
detect dZ-menthol or dl-neomenthol ; a preliminary examination of 
the menthols concerned indicates that they are derived from 
dZ-isomenthone rather than from dZ-menthone. By means of the 
operations summarised below, this material was transformed suc¬ 
cessively to dZ-^omenthone (3), dZ-menthol (4), and dZ-menthone (5). 
In a further series of operations (6, 7, and 8) a more direct passage 
from dZ-piperitone to dZ-isomenthone and dZ-menthone was secured : 

(I) dZ-Piperitone 


(Sodium and alcohol) 

(2) ed-woMenthols 

(Chromic add) 

■ ir ■ 

(3) <8-isoMenthone 
(Sodium and alcohol) 

(4) dZ-Menthol [Hh dZ-isoMenthols] (7) dZ-Menthol [-J- dZ-i#oMenthols] 

(Chromic acid) (Chromic acid) 

(5) (8) cB-Menthone 

• '^n^..'.xe3a*iaaBaiBps may be explained on the basis of the establish- 
iaetat of deSiiite dynamic equilibria between isomenthone and 


(Hydrogen and palladium) 

(6) dZ-woMentShone 

(Sodium and alcohol) 
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menthone in the presence of alkali and under other influences. 
The main product of the alkaline reduction of dZ-Zsomenthone is 
dZ-menthol, which may be separated to a large extent in the crystal¬ 
line form from the associated liquid material. The latter is probably 
composed largely of dZ-menthoI, accompanied by a liquid mixture 
of dZ-Z$omenthols. From the above considerations it is clear that 
by repeated oxidation and reduction this liquid by-product may be 
used as a source of further quantities of crystalline dZ-menthol. 
When dZ-menthol is oxidised by chromic acid in the final operation 
it yields practically pure dZ-menthone, which shows little tendency 
to isomerise into dZ-Zsomenthone in the presence of this reagent. 
By treating the resulting dZ-menthone with alcoholic alkali, how¬ 
ever, it may be transformed into the equilibrium mixture of 
dZ-menthone and dl-isomenthone. Through the careful avoidance 
of disturbances due to the use of alkaline reagents it has been 
possible to prepare a number of pure derivatives of dZ-menthone 
and dZ-Z$omenthone, the melting points of which are indicated 
in the following summary : 


Derivative. dZ-isoMenthone. dZ-Menthone. WaUach’s value. 

Oxime . 99—100° 81—82° 79—80° 

Benzoyloxime . 55*5 72—73 69—70 

woOxime. 94—95 114—115 87—88 

Semicarbazone (a) 225 185—186 219 

„ (P) 177—178 161 — 


The melting points of the semicarbazones of dl-zsomenthone were 
observed by Hughesdon, Smith, and Read (loc. tit.). The values 
quoted in the last column suggest that the “ inactive menthone 5> 
described by Wallach (loc. tit,) consisted of dZ-isomenthone, from 
which the oxime was prepared in an alkaline medium, dl-iso- 
Menthoneoxime is remarkable by reason of its capacity for forming 
well-developed crystals, so that for the first time it becomes 
possible to submit a menthoneoxime to a complete gomometric 
examination. dZ-Menthone and dZ-Zsomenthone may most readily 
be discriminated by preparing the oximes or semicarbazones in 
weakly acid solutions. 

Up to the present, attempts to reduce piperitone to menthol or 
menthone in an acid medium have been unsuccessful, the ketone 
being practically unaltered by such reagents as tin and concen¬ 
trated hydrochloric acid or zinc dust and glacial acetic acid. Dis¬ 
tinct evidence was obtained of the formation of an appreciable 
amount of dZ-a-phellandrene during the alkaline reduction of 
dZ-piperitone, the relationship being of particular interest in view 
of the occurrence together of the Isevo-modifications of these two 
substances in various eucalyptus oils. 
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Expebimental. 

Products obtained through an Initial Alkaline Reduction of 
dl-Piperitone. —1. The piperitone used throughout this work was 
extracted from the essential oil of Eucalyptus dives, using sodium 
bisulphite (J. Soc. Chem, Ind 1923, 42, 339t). 

2. In order to avoid all possibility of the formation of optically 
active products, the piperitone (40 g.) was raeemised by means of 
alcoholic sodium ethoxide, prior to reduction with sodium and 
alcohol (J., 1923, 123, 2270, 2918). Altogether, 880 g. of dZ-piperi- 
tone yielded 820 g. of crude menthol, which was submitted to two 
systematic distillations under diminished pressure. The first 
fraction (b. p. to 87°/10 mm.) had an odour similar to that of 
a-phellandrene: its physical characteristics (J., 1923, 123, 1660), 
together with the ready formation of a nitrosite melting at 106— 
107° and resembling that of dl- a-phellandrene, indicated that the 
fraction consisted essentially of this terpene. A further series of 
reductions carried out with piperitone which had been carefully- 
freed from phellandrene by two successive fractional distillations 
under diminished pressure gave a crude product (223 g.) containing 
94% of a similar fraction with the following physical characteristics: 
b. p. to 87°/10 mm., ajf —1*58° (1-dcm. tube), rig 14798. It 
therefore appears conclusive that dZ-a-phellandrene is formed to an 
appreciable extent in the alkaline reduction of dZ-piperitone. The 
total yield of menthols was 424%. 

3. Upon oxidation with chromic acid (AnnaZen, 1889, 250, 325), 
a total quantity of 410 g. of the liquid product (b. p. 95—97°/10 mm.) 
yielded 332 g. of a liquid possessing the characteristic odour of 
menthone. When distilled twice under diminished pressure, 37% 
of the product distilled up to 82°/8 mm. (a}f —0*18°, rig 14553), 
and 40% at 82—85°/8 mm. (ag° -0-34°, rig 14571). The latter 
fraction was used in preparing the derivatives described below, and 
appeared to consist essentially of dZ-isomenthone. 

4. Upon reduction with sodium and alcohol in the usual manner, 
a specimen of the dZdsomenthone just described (24*7 g.) yielded a 
product (24*0 g.) which distilled almost completely at 100—105°/15 
mm. Three distinct fractions, each boiling over a range of one 
degree between 102° and 105°/15 mm. and having ng = 14640, 
deposited crystalline material on cooling, the liquid becoming 
permeated in each instance with fine radiating needles reaching a 
length of 2 cm. When separated and dried on porous plate, the 
three specimens melted at 32—34° and yielded the characteristic 
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from the preceding operation resembled the product described 
tinder (8) below, and thus consisted essentially of dZ-menthone. 

Products obtained through an Initial Catalytic Reduction of 
dl-Piperitone. —6. Carefully purified dZ-piperitone (50 g.) was 
hydrogenated at the ordinary temperature, under a pressure of 
0*25 atmosphere, in presence of colloidal palladium (J., 1923, 123, 
2921). The mixed yields from four operations, when systematically 
distilled under diminished pressure, gave a main fraction, b. p. 
90—93°/18 mm., 14580; this was optically inactive and 
appeared to be practically identical with product (3), thus con¬ 
sisting of dZ-^omenthone. 

7. Upon reducing 18 g. of the preceding product with sodium 
and alcohol, a yield of 15*5 g. of crude menthol was obtained. This 
failed to crystallise, but when fractionally distilled the portion 
passing over at 107—112°/23 mm. (9‘3 g.) furnished 2-3 g. of crystals, 
which possessed the pronounced odour of ordinary menthol and 
melted at 32—34°. Not only these crystals but also a liquid 
fraction of somewhat lower boiling point (105—107°/23 mm.; 

1*4686) yielded the characteristic dZ-menthyl hydrogen phthalate 
(Pickard and Iittlebury, Zoc. cit.). 

8. dZ-Menthol (m. p. 32—34°; 54 g.) was oxidised with chromic 
acid in the usual manner, except that the temperature was raised 
to 70° in order to decompose the black, crystalline chromium 
compound. The crude product (45*1 g.), when distilled, passed 
over almost completely at 85—89°/12 mm., and had ri$* 14541. 
The preparation of the derivatives described below showed it to 
consist essentially of dZ-menthone, so that it was identical with 
product (5) and differed from products (3) and (6). dZ-Menthone 
possesses a characteristic peppermint odour, which is if anything 
even more pronounced than that of Z-menthone. dZ-isoMenthone, 
on the other hand, has a decidedly fainter odour of the same general 
character. 

Derivatives of dl-isoMenthone. — dl-i&oMentTioneoxime was pre¬ 
pared from dZ-Z$omenthone (b. p. 82—85°/8 mm.) obtained in 
preparation (3) above, by treatment in the usual way with hydroxyl- 
amine acetate (X, 1922, 121, 586): 924 g. of the ketone yielded 
1004 g. of crude oxime, which crystallised partly when kept for a 
short time in a vacuum desiccator. The crystalline material 
(35 g.), dried # on porous plate, melted indefinitely between 85° 
and 90°, but attained a constant m. p., 99—100°, after three 
recrystallisations from warm light petroleum. The substance is 
readily soluble in organic solvents, but when pure it crystallises 
from light petroleum with great ease in magnificent, transparent 
prisms, distinguished by their high lustre. The crystals were 
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kindly measured by Mr. T. V. Barker, M.A., of the Department of 
Mineralogy, University of Oxford, who reports that they are 
anorthic with forms a, m, h, M : c, Q, and rarely 0, developed in 
the proportions indicated by Fig. 1. The elements a:b:c = 
2-049 : 1 :1-281; a = 112° 12',. p = 116° 17', y = 86° 57', were 

a(100). m(110). 6(010). Af(IlO). c(001). «(0il). 0(111). 

<b ... 0° O' 0° O' 0° 0' 0° 0' *67° 48' *134° 18' 134° 18' 

p ... 0 0 56 51(14) *82 6 *110 17 *62 48 75 23(3) 52 18(20) 

Optically the extinction is nearly straight with the vertical edge, 
and an optic axis lies just within the field (Found: C, 71-1; H, 
1M. C 10 H 19 ON requires C, 71-0; H, 11*2%). 

The mother-liquors from the recrystallisation of the o xim e 

deposited an oily product when con¬ 
centrated by evaporation; when kept 
for some time, this material furnished 
a further quantity of the crystalline 
oxime described above, but no other 
crystalline oxime could be isolated. 
The lower fraction of dl-isomenthone 
(b. p. to 82°/8 mm.) from preparation 
(3) behaved similarly when oximated. 

dZ-ZsoMenthone prepared by the 
catalytic reduction of dZ-piperitone (6) 
gave a similar product, which, however, 
furnished a considerably higher pro¬ 
portion of the crystalline oxime. 
Fractions melting indefinitely between 
60° and 75° were obtained from the 
mother-liquors, but no indication was forthcoming of the presence 
in these of dZ-menthoneoxime. 

Benzoyl-&l4mmenihoneoxime was prepared, by benzoylation in 
pyridine solution, as a viscid oil which was induced to crystallise 
with great difficulty. The crude product, after drying on porous 
plate, melted at 52—54°. After three successive recrystallisations 
g&rom light petroleum, in which the derivative is very soluble, the 
melting point became constant at 55*5°, the pure substance separat¬ 
ing in massive, transparent prisms suitable for goniometric ex¬ 
amination. The product obtained by benzoylating the oily mother- 
iquor from the crystalline oxime could not be induced to crystallise 
(Found: C, 74-7; H, 8-9. C^H^OgN requires 0, 74-7; H, 8-8%). 

dl4mMerdhoMhoozime> prepared by dissolving crystalline $L4so~ 
menthoneoxime in cold concentrated sulphuric acid (Wallaeh, 
Annalen, 1894, 278, 304), crystallised from hot water containing 


Tig. 1. 
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a little alcohol in fine, glistening needles, m. p. 94—95°. The 
product of the reaction appeared to be homogeneous (Found : 
C, 70-2; H, 11*1. C 10 H 19 ON requires C, 71-0; H, 11-2%). 

Derivatives of (H-Menthone. —dZ-Menthone from preparations (5) 
and (8) above, when oximated in the manner described for piperitone 
(J., 1922, 121, 586), yielded cZZ-menthoneoxime (m. p. 81—82°) 
associated with a considerable amount of oily material. Unlike 
the stereoisomeric dZ-Z$omenthoneoxime, this derivative could not 
be obtained in crystals sufficiently well developed for goniometric 
examination. 

Attempts to benzoylate the crystalline oxime by the Schotten- 
Baumann method gave unsatisfactory results, but by the use of 
pyridine an oily product was obtained, which after extraction with 
ether and keeping in a vacuum desiccator crystallised spontaneously. 
The substance crystallised from light petroleum in small, trans¬ 
parent plates or glistening prisms, m. p. 72—73°. * Benzoyl-dl- 
menthoneoxime is very soluble in all the usual organic solvents; 
it does not form such well-developed crystals as benzoyl- 
menthoneoxrme (Found: C, 74-7; H, 8-6. 0 X1 R 23 0^ requires 

C, 74*7; H, 8*8%). The oily material from the mother-liquor 
of the crystalline dl -menthoneoxime yielded a viscid liquid when 
benzoylated in pyridine solution. 

dl-Menthoneisooxime, prepared from crystallised dZ-menthone- 
oxirne in the manner indicated above, crystallised from hot water 
containing a little alcohol in fine, soft needles, m. p. 114—115°, 
and was readily obtained pure (Found : C, 69*9; H, 10*9, 
C 10 H 19 ON requires C, 71*0; H, 11*2%). 

Upon allowing dZ-menthone (10*5 g.) to react with semicarbazide 
in the maimer described in a previous pap'er (J., 1923, 123, 2920), 
a crystalline product (10*2 g.) was readily isolated. By continued 
fractional crystallisation from hot methyl alcohol a small fraction 
of dl-menthone- a-semicarbazone was eventually obtained: this 
forms characteristic and well-defined, glistening prisms, m. p. 185— 
186° (Found : C, 62*1; H, 10*2. G n H 21 ON 3 requires C, 62-5; H, 
10*0%). The bulk of the product, however, consisted of small, 
glistening needles of dl -menthone-$-semicarlazone t m. p. 161—162°; 
this derivative is more soluble than the isomeric compound (Found : 
C, 62*7; H, 10*3%). No semicarbazone characteristic of dl-iso- 
menthone could be isolated from this product; an intermediate 
product melting at about 177°, when mixed with cZZ-isomenthone- 
P-semicarbazone (m. p. 177—178°; J., 1923, 123, 2922), softened 
at 158° and melted indefinitely between 169° and 176°. It may be 
remarked that dZ-Zsomenthone-a-semicarbazone (m. p. 225°) is by 
far the least soluble of the semicarbazones of the optically inactive 
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menthones; its absence from the above reaction-product thus 
affords a criterion of the freedom of the specimen of c^-menthone 
from dl-isomenthone. 

We express our thanks to the Department of Scientific and 
Industrial Research for a maintenance grant to one of the authors 
(A.M.R.C.). The investigation is being continued. 

United College, 

University or Sr. Andrews. [Received, July 6th, 1925.] 


CCCLXXXIV .—The Ionic Activity Product of Water 
in Glycerol-Water Mixtures. 

By James Colvin. 

Measurements have shown that a very marked increase occurs in 
the activity of hydrogen ion derived from hydrogen chloride in 
aqueous solution in the presence of a solvent-displacing agent, 
generally a non-electrolyte such as sucrose or glycerol (Moran and 
Lewis, J., 1922,121,1613). It is of interest, therefore, to determine 
the activities of hydrogen and hydroxyl ions in a solution containing 
a substance such as glycerol, with a view to obtain the value of the 
ionic activity product of water, i.e., the product of the hydrogen- 
and the hydroxyl-ion activities. Should the product remain 
constant, independent of the concentration of glycerol, it would 
permit of the determination of hydroxyl-ion activities by the 
hydrogen electrode, which is in many cases more convenient to 
use than a direct hydroxyl-ion electrode, such as the Donnan- 
Allmand electrode. 

Measurements of the activities of hydrogen and hydroxyl ions 
were therefore carried out in solutions of A/100-sodium hydroxide, 
containing various amounts of glycerol. 

Experimental. 

The sodium hydroxide solution was prepared from metallic 
sodium and water free from carbon dioxide. The glycerol had been 
previously employed for conductivity measurements. Eor the 
measurements of the JEJ.M.F. of the cells, a Cambridge-Paul 
potentiometer, reading to 0-1 millivolt, was used in conjunction 
with a mirror galvanometer. To avoid stray currents, the potentio¬ 
meter and galvanometer were mounted on glass, insulated from 
earthed iron sheets by paraffin wax. The cells were maintained 
m? a themostat ata temperature of 25° ^ 0*05°. 
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The Activity of Hydrogen Ion in Aqueous Solutions of Sodium 
Hydroxide and Glycerol. —The cell employed was of the following 

iresr & ‘- Ka *-c*w|+ 

The electrode consisted of platinum foil, coated with platinum 
black, and was placed for 10 minutes in boiling water before use, 
following the procedure of Allmand (J., 1909, 95, 2151). The 
hydrogen gas was prepared by the electrolysis of a solution of 
caustic soda and was washed by passing through a wash-bottle 
containing the solution under investigation. The gas thus being 
saturated with water vapour at the same pressure as the vapour 
pressure of the solution in the cell, no concentration changes could 
occur in the solution due to evaporation. 

As some doubts have been expressed as to the trustworthiness 
and reproducibility of the hydrogen electrode in alkaline solution, 
it was thought advisable to carry out some preliminary measure¬ 
ments on the cell, 

- p| | N /10-NaOH Sat. KOI ^-Calomel | + 

The following results were obtained : 

Cell ... 1 2 3 4 5 6 

E.M.F. (volts) 1-0412 1-0415 1-0411 1-0412 1*0415 1-0411 

The mean value of the E.M.F. , 1*0413 volts, is in satisfactory 
agreement with the value, 1*0416 volts, obtained by Harned (J*. 
Amer, Chem. Soc., 1916, 37, 2460). 

As the reproducibility of the hydrogen electrode was thus satis¬ 
factorily demonstrated, measurements were made, using A/100- 
sodium hydroxide in presence of various amounts of glycerol. As 
the quantity of glycerol in the solution increased, a longer time 
was required for the electrode to attain equilibrium; in all cases, 
however, the values could be reproduced. The activities of the 
hydrogen ion were calculated by means of the formula 7 t H . = 
0*282 + 0*059 log l0 a H .. The absolute potential of the calomel elec¬ 
trode was taken to be 0*56 volt at 18°. The temperature coefficient 
of the electrode is 0*00068 volt per degree, hence the value at 25° 
is 0*5648 volt (compare Chroustchov and Sitnikov, Compt. rend 
1889, 108, 941). 

The results obtained are in Table I. 

The glycerol produces a very marked increase in the activity of 
hydrogen ion in the solution of alkali. ; Y 

■ 5 b* 2 
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Table I. 


G. of glycerol 
per 100 c.e. 

E.M.F. in 
volt. 

— 7Th*- 

a K X 10 12 . 

0-0 

0*9870 

0-4222 

1*16 

12*6 

0*9661 

0*4013 

2*62 

20*0 

0-9580 

0*3932 

3-60 

25*2 

0*9530 

0*3882 

4*40 

40*0 

0-9406 

0*3758 

7*06 


The Activity of Hydroxyl Ion in Aqueous Solutions of Sodium 
Hydroxide and Glycerol .—The electrode employed was that described 
by Donnan and Allmand (J., 1911, 99, 845) and consists essentially 
of a layer of mercuric oxide superimposed on a layer of mercury, 
the electrode vessel then being filled with the solution under 
investigation. The electrode reaction is given by the equation 


HgO + H 2 0 + 2E = Hg + 20H', 
so that the equation for the electrode potential becomes 


*o* = 2?'o-fj log 


&Hg X 

&HgO X &H,0 


where E' 0 is the electrode potential in solutions where all the 
activities are equal to unity. Since the activities of the mercury 
and solid mercuric oxide are constant, they may be included in the 
first term on the right-hand side. For dilute solutions, the activity 
of the water remains sensibly constant. Hence the equation for 
the electrode potential in dilute solutions may bo written 


tcoh' — — 0*059 log^o ®oh> 

The value of the term t i£ 0 was determined experimentally by the 
following method. The E.M.F. of the cell 


- Hg, HgO A T /10-KOH 


Sat. KCI 


^-Calomel 


+ 


was found to be 0*1178 volt at 25°. This gives the value 0*4470 
volt as the electrode potential in N /10-potassium hydroxide. The 
activity of hydroxyl ion in the solution can be obtained from the data 
of Enobel (J. Amer. Chem , Soc., 1923, 45, 70) for the mean activity 
of potassium hydroxide in aqueous solution. On the assumption 
that the potassium ion has the same activity in solutions of potass¬ 
ium hydroxide and of potassium chloride of the same concentration, 
by employing the data of Noyes and Maclnnes (J. Amer. Chem . Soc. 9 
1920,42,239) for the activity of potassium ion in potassium chloride 
solutions, the value 0*0825 is obtained for the activity of hydr¬ 
oxyl ion in #/10-potassium hydroxide. By putting this value in 
the expression for the electrode potential, the value 0*3823 volt is 
obtained for 
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When glycerol is present, however, it is no longer justifiable to 
equate the activity of the water to unity. The expression for the 
electrode potential becomes 

^oh' = E 0 4" (0*059/2) log l0 £&H a o — 0*059 log^o ®oh'> 

in which E 0 has the value found above. 

Measurements with the Donnan—AUmand Electrode .—The mercury 
used in the cells was distilled in a vacuum. The mercuric oxide 
was prepared by heating the nitrate until no more brown fumes 
were evolved. The nitrate itself was prepared by acting on re¬ 
distilled mercury with nitric acid (d 1*2) and recrystallising from 
nitric acid. The product thus obtained gave very reproducible 
results. 

At first a large electrode vessel was used, but was soon discarded 
in favour of a smaller type, as equilibrium was then more readily 
attained. The cells set up were of the type 

- Hg ; HO | | Sat. KOI ( ^-Calomel j + 

In all cases, readings of the E.M.F . were taken at intervals of 
24 hours from the time of setting up the cell. In general, with 
N /100-sodium hydroxide alone present, equilibrium was attained 
within 48 hours. With glycerol present, the E.M.F. declined 
with time, hence a series of readings taken at intervals of 24 hours 
for the first 3 days were averaged to give the E.M.F. of the cell. 
As five cells for each concentration of glycerol were set up and the 
readings averaged, considerable confidence is placed in the results, 
which are in Table II. The activity of the water in glycerol-water 
mixtures may be obtained from the vapour pressure data of Perman 
and Price (Trans. Faraday Soc 1912, 8, 74) at 70°. The activity 
of the water, which may be taken as the ratio of the vapour 
pressure of the solution to the vapour pressure of the solvent, is 
regarded as independent of the temperature (Lewis and Randall, 
“ Thermodynamics/’ p. 349). 




Table II. 



G. of glycerol 
per 100 c.c. 

E.M.F. 

VOE'- 

<XH*0* 

a>ow X 10*. 

0 

0*0604 

0*5044 

1-00 

0-883 

12*0 

0*0394 

0*5254 

0-98 

0*373 

20*0 

0-0314 

0*5334 

0-96 

0*270 

25-2 

0*0266 

0-5382 

0*94 

0-221 

40*0 

0*0147 

0-5501 

0-89 

0*135 


The glycerol produces a marked decrease in the activity of the 
hydroxyl ion. 
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The Ionic Activity Product of Water .—Sufficient data have now 
been obtained to calculate the ionic activity product and also the 
dissociation constant of water in presence of glycerol. The results 
are in Table HE. 


Table HI. 

(J. of glycerol aR ' x a ° B ’ * 1QU 

per 100 c.c. Oh* X 10 la . ffioH’ X 10 8 . ohso- °h‘ X ooh’ X 10 u . hhjo 


0 

1*16 

0*883 

1*00 

1*02 

1*02 

12*6 

2*62 

0*373 

0*98 

0*98 

1*00 

20*0 

3*60 

0*270 

0*96 

0*97 

1*01 

25*2 

4*40 

0*221 

0*94 

0*97 

1*03 

40*0 

7*06 

0*135 

0*89 

0*95 

1*07 


The value of the dissociation constant of water, i.e., a K . x a 0 
a Hl0 , remains practically constant over the whole range up to 40% 
of glycerol, the deviations from constancy being very small in com¬ 
parison with the changes in the activities of the individual ions. 
At the same time, since the changes in the activity of the water 
effected by the presence of the glycerol are relatively small, the 
ionic activity product of the water maintains a reasonably constant 
value. 

Summary. 

1. Electrometric measurements of the activities of hydrogen ion 
in aqueous solutions of sodium hydroxide in presence of glycerol 
have been made at 25°. 

2. The Donnan-Allmand electrode has been used to .determine 
the activity of hydroxyl ion in solutions of sodium hydroxide 
containing glycerol. 

3. The dissociation constant of water remains constant for the 
solutions containing up to 40% of glycerol; the ionic activity 
product does not exhibit appreciable change over the same 
range. 

The author wishes to acknowledge his indebtedness to the 
Department of Scientific and Industrial Research for a grant 
which enabled him to carry out this investigation. 

MUSIBATT LaBOEATOBY OF PHYSICAL AND EiECTRO-ChhMISTBY, 

Univessity of Liyekpool. [Received, September Mh, 1925.] 
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CCCLXXXV .—A Comparison of Methods of Measuring 
the Polarity* of Surfaces . 

By Neil K. Adam, Robert S. Morrell, and Ronald G. W. 

Norrish. 

“ Polarity ” has been recently measured by Norrish (J., 1923, 
123, 3006), the measure being the catalytic activity of the surface 
for the combination of ethylene and bromine. Another measure 
of polarity is the attraction of a surface for water, or the work, W, 
required to separate the surface from water in contact with it; 
W is related to the angle of contact, 8, of water with the solid 
surface by the relation 

W = T( 1 + cos 0), 

T being the surface energy of water (Adam and Jessop, this vol., 
p. 1863). Yet another indication of polarity is the objectionable 
property which some oil varnishes possess of condensing water on 
the varnished surface in a moist atmosphere and 4 blooming/ 
Varnished surfaces which bloom easily may be considered more 
polar than non-blooming surfaces. This paper is an attempt to 
elucidate the nature of the “ polarity ” by comparing the results 
of the different methods of measurement. 

Glass, stearic acid, paraffin wax, two non-blooming varnishes, 
A and B, and one blooming varnish, C, were compared. The 
non-blooming varnish film was composed of a hard copal resin 
incorporated in linoxyn containing lead and manganese catalysts. 
The blooming varnish film contained a rosin ester in tung oil “ oxyn/ > 
with a manganese catalyst. Both for angle of contact and for 
catalysis measurements, the varnish was coated on glass and 
allowed to dry in a current of air (5 litres per hour) at 40—55° 
until constant in weight. The volatile thinners of the varnishes 
were expelled and the drying oils oxidised as completely as possible. 

In the tables, h is the initial velocity coefficient, ¥ gives the 
catalytic effect in terms of k expressed as percentage of the value 
for glass, 6 and W (ergs per sq. cm.) are defined above, and W' is 
the attraction for water as percentage of the attraction of water 

* The terms “ polar ” and “ non-polar ” have become general in the sense 
that “polar” is applied to substances (and to groups therein) which tend 
to dissolve in water, and “ non-polar ” to those which dissolve in hydrocarbon 
solvents. This broad distinction of groups into two classes is a most useful 
working hypothesis for many investigations, and a more definite under¬ 
standing of its nature and causes is much needed. The term “ polarity ” is 
here used in this sense, leaving entirely open the question whether there exists 
any resemblance to physical objects of unsymmetrical field of force, such as 
bar-magnets.—N. K. A. 



2794 ADAM, MORRELL, AND NOURISH : A COMPARISON OP 

for itself. The angle of contact method will not detect attractions 
for water greater than that of water for itself, attractions equal to 
and greater than this giving zero angle. Glass has an attraction 
for water at least as great as that of one water surface for another. 

Catalytic action measured on dry ethylene and bromine . 


Surface. h. h'. B. W. TV'. 

Glass . 0*051 100 0° not less than 100 

146 

Varnish A .. 0*048 94 95 66*6 45-5 

Varnish C .. 0*112 220 60 109*5 75 

Paraffin wax . 0*003 6 105 54 37 

Stearic acid .. 0*086 168 100 60*5 41 

Catalytic action measured on moist ethylene and chlorine. 

Glass . 9*7 X10” 4 100 0 146 100 

Varnish B . 4*0 „ 41 95 66*6 45*5 

Varnish C . 11 „ 113 65 104 71 

Paraffin wax . 0-01 ,, 0*1 105 54 37 


The angle of contact measurements were made as described by 
Adam and Jessop, and are accurate to about 5°. The velocity 
coefficients for the ethylene-bromine reaction were determined as 
described by Norrish, fairly good constancy being obtained for the 
first five minutes of reaction. Ethylene and chlorine in the moist 
condition were employed for the second series, as it has been found 
possible thus to obtain more reproducible results than with dry 
ethylene and bromine; but owing to the higher pressure used there 
was appreciable attack of the varnish surfaces by the chlorine, 
which impaired the constancy of the velocity f constants.’* Details 
of the ethylene-chlorine method will be published shortly. The 
values, calculated as bimolecular coefficients, are given for the first 
two minutes of reaction, and afford a comparison of catalytic 
activity adequate for the present purpose. The figures for reaction 
rates are, of course, not comparable between the two series. 

The angle of contact measurements were taken on the varnishes 
within a minute or two of immersion in the water. If allowed 
to soak, these surfaces gave an angle lower by 10° or; in some 
eases, 20°, the effect of soaking being more marked the greater the 
angle of contact. 

Evidently the attractions for water parallel the veiling properties 
of the varnishes. It appears that if the attraction is more than 
about 70% of that of water for itself, the varnish veils; if less than 
45 to 50%, it does not veil. We attempted also to grade varnishes 
in respect of their veiling properties by angle of contact measure¬ 
ments, but owing to the effect of soaking in water, these could not 
be made sufficiently accurately to distinguish varnishes with a 
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slight tendency to veil from non-veiling varnishes. The varnishes 
which were found to be more polar by the angle of contact method 
were also more polar by the catalytic measure. 

There is, however, considerable disagreement between the 
polarities of the surfaces of different kinds as measured by the 
catalytic method and by angle of contact. Glass has less catalytic 
power than either stearic acid or the veiling varnishes, but very 
much greater attraction for water; and stearic acid, which has 
only a very slightly greater attraction for water than paraffin wax, 
has enormously greater catalytic activity. It would, of course, 
be possible to ascribe the difference to the “ polarity ” which causes 
attraction for water being of a different kind from that which 
confers catalytic activity; but such an ad hoc assumption would 
be particularly unreasonable, as it is not improbable that water 
itself is concerned in the catalysis. Adam and Jessop concluded 
that the evidence of angle of contact measurements on long-chain 
compounds pointed to the polar groups in stearic acid being buried 
in the interior. Hence it appears that in the catalytic measure¬ 
ments the reacting gases penetrated the surfaces to a short distance. 
The nature of the oxidised varnish surfaces is unknown: we con¬ 
sider it possible that ethylenic linkings are present. In this way 
it would be possible for the stearic acid and varnish surfaces to 
present more catalytically active groups than a glass surface, 
which must be presumed practically impermeable to the gases. 
By penetrating the solid to a depth of only the length of a few 
molecules, it would be possible for the gases to reach more polar 
groups than are to be found on an equal area of glass. If this is 
the correct explanation, it involves the assumption that the depth 
of the 4 surface ’ is much greater for the catalysis than for the angle 
of contact measurements. Varnishes differ in their absorption of, 
and permeability to, water, and no doubt to gases also; but we have 
not data enough tt> attempt a prediction of catalytic activity for 
different varnished surfaces, taking this factor into account. This 
factor of permeability requires further investigation; in Adam and 
Jessop J s paper some evidence was given that there is more depth 
involved in the case of crystal flakes of the long-chain amine 
hydrochlorides than with the other long-chain aliphatic substances 
used. Nevertheless we feel that, qualitatively, it supplies an 
adequate reason for the difference in behaviour of different e surfaces ’ 
to reagents. 

Paraffin wax is not a catalyst, because no matter how far the 
gases may diffuse into the interior, no polar groups are encountered. 

[Received, October 9th, 1925.] 
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CCCLXXXVI .—An Electrometric and a Phase Rule 
Study of some Basic Salts of Copper . 

By Hubert Thomas Stanley Britton. 

This paper deals with experiments made to ascertain which of 
the many basic sulphates and chlorides of copper .are definite 
compounds. Basic sulphates have been reported ranging in com¬ 
position from 2 Cu 0,S0 3 to 15Cu0,S0 3 , with varying water contents. 
Pickering (J., 1910, 97, 1861) regarded the latter as a complex 
salt of orthosulphuric acid and bivalent and what he supposed to 
be quadrivalent copper atoms, and Noyes (J. Amer. Chem. Soc 
1916, 38, 1947) suggested that 3Cu0,S0 3 ,213^0 might be the 
dihydrated cupric salt of the same acid. The basic chlorides which 
have been described contain from 1 to 4-5 atoms of copper for 
each atom of chlorine. Naturally occurring basic sulphates and 
chlorides are iangite, 4Cu0,S0 3 ,4H 2 0; brochantite, containing 
from 3 to 4 mols. of CuO for 1 mol. of S0 3 , together with vary¬ 
ing amounts of water, and atacamite, 4 Cu 0,2HC1,3H 2 0—the 
number of molecules of water varying from 2 to 5. 

Bell and Taber (J. Physical Chem., 1908, 12, 171) and Young 
and Steam {J. Amer. Chem . Soc 1916, 38, 1947), who studied the 
basic sulphates of copper from the point of view of the phase rule, 
obtained very conflicting results and were unable to prove the 
existence of a definite basic sulphate ; doubtless because they used 
substances which approached equilibrium very slowly. 

It has long been known that an amorphous, blue precipitate, 
agreeing very closely in composition with 4Cu0,S0 3 ,4H20, is 
produced by treating copper sulphate solution with an insufficiency 
of alkali (Kane, Ann. Chim. Phys., 1839, 72, 270; Smith, Phil. 
Mag., 1846, 23, 501; Field, ibid., 1862, 24, 124). Williamson 
(J. Physical Chem., 1923, 27, 790) analysed the precipitates obtained 
by treating molar solutions of copper sulphate with different 
quantities of alkali. Pickering showed {Chem. News, 1883, 47, 
181) that between 14 and 1*5 equivalents of potassium hydroxide 
completely precipitated the copper and that the amount pre¬ 
cipitated at any stage of the reaction was directly proportional to 
the amount of alkali added. He also found a temporary alkalinity 
to phenolphthalein when 1*5 equivalents of alkali had been added. 
Similar observations were made by the author, using the oxygen 
electrode (this vol., p. 2152). 

Apari feom the little recorded by Kenrick and Lash Miller 
(Tram. Soy. Soc., Canada, 1901, 7, iii, 35), no systematic work 
has been done on basic cupric chloride. The precipitate formed 
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when N /5-copper chloride solution was treated at 85° with 
N /5-potassium hydroxide until all the copper had been precipitated 
had the formula CuC1 25 3Cu0,2H 2 0. 

Experimental. 

In order to study the mode of precipitation of copper sulphate 
by sodium hydroxide, electrometric titrations with a copper 
electrode were carried out. A copper wire electrode, fused into a 
glass tube, was completely immersed in 100 c.c. of M /100-copper 
sulphate solution, which was connected through a saturated solu¬ 
tion of potassium chloride to a normal calomel electrode. The 


Fig. 1. 



E.M.F.'s between the copper and the calomel electrodes were 
measured by means of a potentiometer and a capillary electro¬ 
meter. The electrode was about 2 mm. in diameter and was covered 
with finely divided copper, deposited electrolytically from A/IO- 
copper sulphate solution. That electrodes so prepared worked 
satisfactorily in copper sulphate solution will be seen from the 
following measurements. At 20°, the E.M.F. of the cell 
Cu 1 0-OOf-OuS0 4 | saturated KC1 1 A T -calomel was —0*006 volt. 
Therefore E h Cu | O-OlAT-CuSO* = + 0-283 — 0-006 = 0*277 volt. 
0-OlJf-Copper sulphate being taken as 54-7% dissociated (A^ — 114, 
and Aoouf = 62-4), 0-277 = EP 0uh + 0-029 log 0-00547. Whence 
EPcu h = 0-343, which is in agreement with the recent value of 
Jellinek and Gordon (Z. physikal. Chem ., 1924,112, 214), 

Three typical titration curves are given in Fig. 1. The cupric- 
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ion concentration scale was calculated from tlie formula 2£ obs . = 
— 0*060 — 0-029 log [Cu”]. The dotted line gives the theoretical 
change in copper-ion concentration calculated on the assumption 
that 4 Cu 0,S0 3 alone is precipitated. Curves 1 and 2, plotted 
from results obtained with an electrode having a thin coating of 
copper (deposited during 5 minutes’ electrolysis), and curve 3 
(electrode heavily coated during 1 hour’s electrolysis) show that 
the electrodes became untrustworthy as soon as a precipitate 
appeared. Deduced from the curves, the values for the concen¬ 
trations during precipitation are much too small and those for 
the concentrations when precipitation was complete and the solu¬ 
tions had become alkaline are obviously too large. High E.M.F. 9 s 
were obtained immediately precipitation was complete, but these 
fell in the course of 5 minutes to more or less steady values. The 
effect of the heavy deposit (curve 3) was to render the electrode 
even more irregular, as may be seen from the second portion of the 
curve. 

The curves show that sudden changes in copper-ion concentration 
occurred when 1-73 (curve 1), 1*5 (curve 2), and 1*63 equivalents 
(curve 3) of sodium hydroxide had been added. In titration 2, 
the alkali was added very slowly, and the mixture was stirred 
until any green, gelatinous precipitate which might have formed 
had become pale blue and apparently amorphous. In the other 
two titrations the alkali was added more rapidly and, although 
the reactants were thoroughly mixed, stirring was not maintained 
until the precipitate appeared to have become homogeneous. 
These experiments show once again that the nature of the pre¬ 
cipitate obtained depends on the manner in which the alkali is 
added. Rapid addition necessitated the use of a larger quantity 
for complete precipitation and consequently the gelatinous pre¬ 
cipitate obtained was more basic than the blue, amorphous* 
precipitate produced on careful addition of the alkali. This is 
the reason why Haraed (J. Amer. Chem. Soc 1917, 39, 252) 
required in his similar titration of copper sulphate solution six- 
sevenths of the theoretical quantity of the alkali. 

The Anomalous Behaviour of Copper Electrodes in Presence of 
Copper Hydroxide. —The foregoing observations become of im¬ 
portance in view of the recent measurements of Jellinek and 
Gordon (loc. cit.) of the solubility product of cupric hydroxide. 

* Here and elsewhere in tins paper, the term “ amorphous precipitate ” is 
used to denote the non-gelatinous, apparently amorphous precipitates obtained 
when alkali hydroxide is added slowly to dilute solutions of cupric salts. They 
are sharply distingoished from the gelatinous precipitates produced by rapid 
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They precipitated their copper hydroxide from copper sulphate 
solution with an insufficiency of sodium hydroxide—exactly the 
condition for obtaining basic copper sulphate ! The washed pre¬ 
cipitate was suspended in alkali solution, and the copper-ion con¬ 
centration was measured by means of a copper electrode. Their 
values for [Cu**][OH'] 2 at 20° varied from 0*7 X 10 -13 to 3*0 X 10" 13 , 
the mean being 1*7 x 10” 13 , but they could not confirm this by 
measurements with copper oxide. It is interesting to compare 
these values with those obtained from the curves (Fig. 1), assuming 
for the moment that the observed F.M.F.’s gave a true measure 
of the copper-ion concentration and that the basic precipitates 
had been completely decomposed by the excess of alkali. The 
hydroxyl-ion concentration when 40 c.c. of 0*0932iV r -sodium hydr¬ 
oxide had been added, the ionisation of the alkali being assumed 
to be complete, was 10" 1 ’ 91 , and the cupric-ion concentration was 
10-9 55 ( cuxve l; E.M.F. = 0*217 volt), 10~ 8 ' 62 ( cur y e 2; E.M.F . = 
0*190 volt), and 10~ 7 ’ 59 (curve 3; E.M.F . = 0*160 volt). Therefore 
[Cu”][OH'] 2 is 4 X 10' 14 (curve 1), 3*6 X 10' 13 (curve 2), and 
3*9 X 10~ 12 (curve 3). Although these values are meaningless, 
they are of the same order as those of Jellinek and Gordon. The 
precipitation of basic copper sulphate does not begin until 5*6 
has been attained, and from the method described by the author 
(be. tit.), the presence of the sulphate in the precipitate being 
assumed not to affect greatly the precipitation p K , it follows that 
the solubility product of cupric hydroxide is probably of the order 
10-20.* 

Jellinek and Gordon do not refer to the work of Immerwahr 
(Z. anorg. Chem., 1900, 24, 269) on the potentials of copper elec¬ 
trodes in baryta solutions containing colloidal copper hydroxide 
or ignited copper oxide. The E.M.F. 9 s were so irregular that she 
did not calculate the solubility product of cupric hydroxide. Calcu¬ 
lation shows that the solubility product varies from 3 X lO"^ 2 to 
8 x 10“ 16 for the colloidal hydroxide and to 8 X 10' 23 for the ignited 
oxide. Allmand (J., 1909, 95, 2151) traced the erratic behaviour 
of the copper electrode to the reaction Cu‘* -f Gu 2Cu‘ taking 
place at the electrode, cuprous hydroxide being formed, and 
arrived by an indirect method at the value 10 -19 for the solubility 
product of cupric hydroxide, which is of the same order as that 
calculated from the precipitation viz., 10 -20 . Jellinek and Gor¬ 
don, who stated that to their knowledge no value for the solubility 

* For the titration given in this vol., p. 2151, the limiting [Cu**] was equiv- 
alent to 0*6 c.c. of -V/10-sodium hydroxide in 120 c.c. Therefore [Cu*‘] — 
0-3/120M/10 = 10-^. [OH'] « 10- M + 6,6 « 10- 8 ' 4 . Whence [Cu-JOHQ 8 'm\ 

10 - 20 . * • ' • . ' 
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product of cupric hydroxide is recorded in the literature, had 
evidently not seen Allmand's paper. 

This reducing action of the copper electrode accounts for its 
irreversible behaviour in the titrations, and the exceptionally low 
voltages obtained in No. 3 show that the reduction process was 
being considerably influenced by the nature of the layer deposited 
on the electrode. 

The System Cu0-S0 3 -H 2 0 at 25°.—The substances used in the 
investigation were selected for their capacity to enter rapidly into 
equilibrium, namely, the amorphous basic sulphate, free sulphuric 
acid, and copper sulphate solution. The stock basic sulphate was 
kept as reactive as possible by suspending it in water. For certain 
equilibria, wet hydrated copper oxide had to be used. 

The amorphous basic sulphate was prepared by adding N /10- 
sodium hydroxide (about 1-2 mols. for each mol. of copper sulphate) 
drop by drop and with continuous shaking to 10 litres of Mj 20- 
copper sulphate, every care being taken to prevent the formation 
of any gelatinous precipitate. The precipitate was washed by 
decantation with 20 to 30 litres of water, pressed on a Buchner 
funnel, and immediately immersed in water (Found in air-dried 
samples: CuO, 67*2, 67-6; S0 3 , 17*1, 17-2. 4(^10,803,42^0 
requires CuO, 67*7; S0 3 , 17-0%). On keeping the precipitate, 
which was quite insoluble in water, in different quantities of 
sulphuric acid over-night, in every case 1*33 mols. of copper sulphate 
passed into solution for each molecule of sulphuric acid employed, 
thereby showing that the ratio of copper to sulphate in the residual 
solid remained unaltered, viz., 4 :1. 

Quantities of the basic sulphate were placed in liquid phases 
(100 to 200 e.c.) composed of sulphuric acid and copper sulphate 
in various proportions, the quantities of acid being such that the 
rests should be small (about 2 g.). The mixtures were placed in a 
thermostat at 25° and shaken daily. Equilibrium was attained 
in less than a week, but 2 or 3 months were allowed to elapse before 
lie final check analyses were made. The results shown in the most 
basic part of the isotherm necessitated the use of hydrated copper 
oxide. This was prepared by precipitation from a dilute copper 
sulphate solution at about 50° with a small excess of sodium hydr¬ 
oxide. It was somewhat dehydrated and brownish-black, but it 
had to,at a moderately high temperature so that it 
should not be so gelatinous that it could not be washed free from 
alkali and sodium sulphate. This hydrated oxide* was also used 
with sulphuric add to confirm some determinations of the equilibria 
M ^fixtures prepay sulphate. The analyses of 
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Table I. 


Liquid phases. 


Bests. 

% so 3 . 

Mol. SOJ 

mol. CuO. Solid phases. 

0 

0 

84*45 

6*17 

0*073 CuO (hydrated) and 
4CuO,S0 3 ,4HgO. 

0 

0 

80*85 

8*79 

0*108 

0 

0 

77*56 

11*77 

0*151 

0 

0 

73*75 

13*82 

0*186 

0 

0 

69*50 

16*90 

0*242 

0*255 4Cu0,S0 3 ,4H 2 0. 

0 

0 

67*78 

17*30 

0-02 

0-02 

67*90 

17*60 

0-09 

0-09 

26*36 

6*77 


0*12 

0-12 

9*24 

2*43 


0*58 

0-58 

7*89 

2*46 


3*17 

3-19 

31*23 

9*85 


5*54 

5-56 

15*96 

7*75 


7-17 

7-18 

24*10 

10*27 

0-314 

9-28 

9-33 

Eutectic 


4Cu 0,S0 3 ,4H 2 0 and 
CuS0 4 ,5H 2 0. 

The first six 

sets of data show that the addition of sulphuric 


acid to the hydrated copper oxide failed to cause any solution 
until the solid phase had assimilated sufficient sulphuric acid to 


convert it into the basic sulphate containing 4CuO to 1S0 3 . 
Neither copper nor sulphate could be found in the colourless liquid 
phases. The analyses given are those of the air-dried solid phases. 
These changed in colour as their sulphate content increased, passing 
from the brownish-black of the hydrated oxide through increasingly 
brighter shades of brown to greenish-brown and finally to the 
greenish-blue colour of the 4:1 salt. The basic sulphate did 
not change in colour on boiling, but decomposed on addition of 
varying quantities of alkali, yielding more basic products having 
similar colours. The other liquid phases were copper sulphate. 

The results given in Table I are plotted in Fig. 2; the section 
BC has been constructed from the data of Bell and Taber (Zoc. tit.). 
The solid phase which was in equilibrium with the liquid phases 
represented by AB was 4Cu0,S0 3 ,4H 2 0, for the tie-lines joining 
the points corresponding to each liquid phase and the point corre¬ 
sponding to its respective rest all pass through the point D, which 
indicates that the solid phase contained 67*7% CuO, 17*0% S0 3 , 
and 15*3% H 2 0 (Schreinemakers). Had the solid phases in equili¬ 
brium with water as liquid phase been mixtures of two definite 
solid phases, it would have been expected that the points repre¬ 
senting their compositions would lie on the straight line joining 
the two points corresponding to the compositions of the two solid 
phases. If in the present system the rests comprised mixtures of 
the basic salt 4(^10,508,42^0 and a definitely hydrated copper 
oxide, this line would have been one joining the point D to tho 
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point, corresponding to the particular hydrated oxide, on the 
H 2 0-CuO axis. Actually the points lie on one of two straight lines, 
DE and DF, where E represents CuO,0*28H 2 O and F, CuO,005H 2 O. 
It appears from the phase rule that as the liquid phases which 
were in equilibrium with these highly basic rests were of fixed 
composition as far as could be ascertained, the rests were composed 
of two solid phases. Bearing in mind the gradual change in the 
colour of the rests, it seems probable that the two solid phases 
were the 4:1 sulphate and copper oxide, hydrated to varying 
extents. The degree of hydration of the copper oxide, although 
by no means fixed, was of the same order as that found in the 
ordinary precipitated black copper oxide, i.e., corresponding 
approximately to CuO,0*25H 2 O, There appeared, however, a 
tendency for the hydration to become considerably less as the 
proportion of the 4:1 salt became predominant, shown by those 
points which fall on DF. 

It follows from this work that at 25° there is only one basic 
sulphate of copper, viz., 4Cu0,S0 3 ,4H 2 0. Sabatier ( Compt . rend., 
1897, 125, 101) prepared it from copper oxide and copper sulphate 
solutions (not exceeding 1 M). He stated that the salt was con¬ 
verted by saturated copper sulphate solution into a green salt, 
5Cu0,2S0 3 ,5H 2 0, treatment of which with water regenerated the 
4:1 salt. This green salt was probably the ordinary 4 :1 salt 
with copper sulphate adhering. In support of this view is the 
fact that the rest belonging to the liquid phase which contained 
7*17% CuO (Table I) had, after filtration on a Buchner funnel, a 
composition corresponding approximately to the formula 3Cu0,S0 3 , 
although, as its tie-line shows, the actual solid phase was the 4 :1 
salt. 

Precipitation of Basic Cupric Chloride .—When A/10-sodium 
hydroxide or ammonia was added slowly with shaking to M/100- 
eupric chloride solutions, pale blue, amorphous precipitates were 
obtained, and the mother-liquors became alkaline to phenolphthalein, 
precipitation being complete, after the addition of 1-5 equivalents 
of alkali. If the additions were made quickly, precipitates did not 
separate until about 1 equivalent of alkali had been added, but the 
solutions became more and more colloidal and alkalinity occurred 
after the addition of 1*53 equivalents. When, however, more 
concentrated solutions were rapidly mixed, dark blue, gelatinous 
precipitate were obtained which, if the amount of alkali added 
did not exceed 1-5 equivalents, could be transformed by vigorous 
s hak i n g with the mother-liquor into paler blue, amorphous forms. 
Provided that not more than 1-5 equivalents of alkali had been 
added during their formation, the amorphous precipitates did not 
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blacken on boiling; if a precipitate happened to be gelatinous, it 
darkened temporarily, but became pale blue and amorphous on 
continued boiling. 

The System CuO-HCl-H 2 0 at 25°.—This system was investigated 
in exactly the same manner as the previous one. The substances 
used were moist hydrated copper oxide, moist basic cupric chloride, 
hydrochloric acid, and cupric chloride solution. On being washed 
by decantation, much of the basic chloride passed into pale blue, 
colloidal solution, and did not settle out after standing for a week. 
The colloidal solution was siphoned off and replaced by water, 
and the process was repeated, during a month, until the remaining 
precipitate was free from impurities. Samples which had been 
either air-dried or dried over fused calcium chloride agreed closely 
in composition with the formula 4 Cu 0,2HC1,3H 2 0 (Found: CuO, 
72*0; HC1, 16-5. Calc., CuO, 71-5; HC1, 16-4%). The salt was 
amorphous and insoluble in water; but after it had been boiled 
with water, the latter gave a faint opalescence with silver nitrate. 

Equilibrium was attained in about a week, but the final analyses 
were not made until 3 months had elapsed. 

The first four sets of data in Table II refer to solid phases which 
had been air-dried. The liquid phases were water. No copper 
chloride dissolved until each molecule of hydrated copper oxide 
had reacted with 0*5 equivalent of hydrochloric acid. Thereafter 
the solid phase was 4Chi0,2HCl,3H2O, as shown by the point of 
intersection of the tie-lines in Fig. 3, and the liquid phases con¬ 
tained cupric chloride only. 





Table II. 

’ Liquid phases. 


Rests. 

Mol. HC1/ 

% CuO. 

% HC1. 

% CuO. 

% HC1. 

mol. CuO. 

0 

0 

90-28 

0-03 

0-001 

0 

0 

79*30 

11-49 

0-315 

0 

0 

74-07 

14*90 

0-438 

0 

0 

72-47 

16-57 

0-499 

0*16 

0*15 

52-80 

12*56 

0-517 

3-90 

3-57 

55-37 

13-49 


8*35 

7-66 

56-45 

14*60 


15-22 

13-96 

56-04 

16-35 


18-52 

17-03 

55-72 

16-90 


21-24 

25-59 

19-49 

23-51 

51-67 

18-14 



Solid phases. 
CuO (hydrated) and 
4 Cu0,2HC1,3H 2 0. 


4CuO, 2HC1,3Hgb. 


4CuO,2HCl,3H a O and 
CuC1 2 ,2H 2 0. 


The rests which had attained equilibrium with water, after being 
allowed to settle for a month, presented a striated appearance, 
pale green layers underlying layers of varying shades of dark 
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brown. The layers were roughly separated from one another by 
spraying with a very fine jet of water. The uppermost contained 
the least chloride, about 0-1 equivalent for each molecule of copper 
oxide, and the bottom pale green layers contained the most, about 
0*3 equivalent. It was not possible to isolate the bottom layers 
quite free from the more basic, brown particles; probably the 
amount of chloride actually present in them was greater than 
0*3 equivalent. 

These observations seem to indicate that each of the highly basic 
rests was composed of admixture of two solid phases as required 


Fig. 2. 



Fig. 3. 


by the phase rule, and from Fig. 3 there appears to be no doubt 
that these were the definite basic chloride (greenish-blue) and dark 
brown copper oxide of varying hydration. 

The basic chloride 4 Cu 0,2HC1,3H 2 0 and the rests which con¬ 
tained more than 0*315 equivalent of chloride tended to pass into 
colloidal solution. Attempts were made to get some idea of the 
composition of the colloidal suspensions, and it was found that 
the basic chloride aggregates contained from 0*27 to 0*33 equivalent 
of chloride fear each molecule of copper oxide. 

The curve in Fig. 3 corresponding to those liquid phases which 
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exist in equilibrium with dihydrated cupric chloride was drawn 
from Foote’s data (J. Amer. Chem. Soc. 9 1923, 45, 663). 

Basic Cupric Nitrate. —Several basic nitrates have been described 
containing from 1*7 to 3 atoms of copper for each molecule of 
nitrate. The pale bluish-green precipitate formed when alkali, 
insufficient for complete reaction, is added to a dilute cupric nitrate 
solution has been shown by many workers to correspond to the 
formula 4Cu0,2HN0 3 ,2H20. The mineral gerhardtite has the 
same composition; in some specimens, however, the water content 
appears to be 1H 2 0. 

When N /10-sodium hydroxide was carefully added to cupric 
nitrate solution, precipitation was complete and the solution 
became alkaline to phenolphthalein after the addition of 1*5 
equivalents. The composition of the precipitate agreed with the 
above formula (Found: CuO, 66*8; HN0 3 , 26*4. Calc., CuO, 
66*3; HN0 3 , 26*2%). The basic nitrate was insoluble in water, 
but on boiling with water it soon blackened and some passed into 
colloidal suspension. The salt was also much more readily decom¬ 
posed by alkali than was either the sulphate or the chloride, so 
much so that when alkali was added rapidly to a cupric nitrate 
solution alkalinity was not produced until 1*9 equivalents had 
been added. 

Basic Cupric Bromide. —The basic bromide produced by the 
oxidation of cuprous bromide and by the prolonged digestion of a 
solution of cupric bromide with copper oxide (Richards, Chem. 
News , 1891, 63, 75; Sabatier, Compt . rend. 9 1897, 125, 103) has 
the formula 4Cu0,2HBr,2H 2 0. The substance produced on gradual 
addition of alkali to cupric bromide solution has apparently not 
been examined. iV'/lO-Sodium hydroxide gave a pale blue, amor¬ 
phous precipitate and the mother-liquor became alkaline to phenol¬ 
phthalein after approximately 1*5 equivalents had been added. 
Thisresult suggests that the precipitate contained CuO and HBr in the 
molar ratio of 2 :1. The (air-dried) precipitates formed by vary¬ 
ing amounts of alkali, however, were slightly more basic [Found: 
(a) CuO, 60*55; HBr, 29*4. (b) CuO, 61*0; HBr, 30*3, corresponding 
respectively to 4Cu0,l*91HBr,2*93H 2 0 and 4Cu0,l*95HBr,2*52H 2 0]. 
It is fairly certain that they were essentially the 4:2 bromide, 
although the data are insufficient to state what was the exact 
water content. The basic bromide was insoluble in water and did 
not blacken when boiled with it. In common with the basic 
nitrate and the basic chloride, it had a marked tendency to pass 
into colloidal suspension when treated with water. 
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Discussion. 

It has been shown that of the many basic sulphates and chlorides 
of copper which have been reported, only one definite sulphate 
and one definite chloride exist at 25°, viz 4Cu0,H 2 S0 4 ,3H 2 0 and 
4Cu0,2HC1,3H 2 0. Similar nitrate and bromide compounds have 
been shown to be produced by precipitation with alkali under 
similar conditions, viz., 4Cu0,2HN0 3 ,2H 2 0 and 4CuO,2HBr,2('? )H 2 0. 
They are similar not only in composition, but also in form, colour, 
and insolubility. All these salts are precipitated from solution at 
hydrion concentrations of about 10~ 5 ' 6 . The similarity in their 
composition seems to be due to an intrinsic property of either the 
copper atom or the copper oxide molecule. 

Previous workers have attempted to account for the sulphate 
and the nitrate as complex salts of ortho-acids, but such an explan¬ 
ation cannot be applied to the basic chloride or the basic bromide. 
The usual way of representing these basic salts as if they were 
double salts, e.g ., CuS0 4 ,3Cu(OH) 2 ,H 2 O, is unsatisfactory, for they 
have none of the properties of double salts inasmuch as they are 
insoluble. Werner (Ber., 1907, 40, 4444), on the basis of his co¬ 
ordination theory, regards them as the normal salts of a hypothetical 

hexolcuprie base, e.g., ^Cu^q>Cu) Js 0 43 H 2 0. This represent¬ 
ation seems to be equally open to objection. Such a constitution 
would suggest that, contrary to the facts, the salt has to some extent 
the capacity of dissolving, which by comparison with difficultly 
soluble salts of metals, e.g., lead and silver, is in some way con¬ 
nected with the nature of the acid radical, and would ionise in 
solution into “ hexolcuprie ” and sulphate ions. The comparative 
inertness of these basic compounds to reaction and their similarity 
in properties to copper hydroxide seem to show that they are 
essentially compounds of this base of some unknown kind. Until 
something is known about their constitution it is perhaps better 
to represent them thus, Cu 4 (0H) 6 S0 4 ,H 2 0. Were it known that 
the co-ordination number of bivalent copper is 6, the Werner 
theory might be considered to supply a tentative explanation why 
these basic salts contain copper and the acid in the equivalent 
ratio of 4 1. The ammine compounds of cupric salts have such 
widely varying compositions that no definite co-ordination number 
can be assigned. If the constitution of the cupric complexes in 
ammonlkeal solutions be considered, the co-ordination number is 
probably 4. 

ChatterjiandDhar state (Discussion on Colloids, Faraday and Phys. 

1920, 124) that the blackening on boiling of copper hydr- 
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oxide can be prevented by the addition of a little normal salt, 
•which is adsorbed and thus renders the copper hydroxide stable. 
They do not appear to have considered what may be the effect 
of the formation of basic salts. The retention of the colour on 
boiling is a property of such salts—less marked, it is true, in the 
case of the nitrate (see pp. 2801, 2803, 2805). 

Since the foregoing pages were written, Kruger has published 
some work on the basic sulphates of copper (J. pr. Ghem., 1924, 108 , 
278). He obtained a product having the formula 4CuO,S0 3 ,4H 2 O, 
and also basic sulphates whose analyses, although irregular, 
indicated the formulae 4Cu0,S0 3 ,3-5H 2 0, 4Cu0,S0 3 ,5H20, and 
3 Cu 0,S0 3 ,2-5H 2 0. The water contents of the first two of these 
three substances are probably due to imperfect purification, and the 
last is undoubtedly a mixture of the definite basic salt and copper 
sulphate. 

Summary. 

(1) According to the manner of mixing and the quantity of 
alkali used, either apparently amorphous or gelatinous precipitates 
may be obtained by adding alkalis to solutions of the sulphate, 
chloride, bromide, or nitrate of copper. 

(2) The individualities of the basic salts Cu 4 (0H) 6 S0 4 ,H 2 0 and 
Cu 4 (0H) 6 Cl2,H 2 0 have been established. 

(3) The behaviour of the CujCu(OH) 2 ,NaOH electrode has been 
shown to be erratic, and the value of Jellinek and Gordon for 
[Cu*'][OH'] 2 untrustworthy. 

(4) Observations have been made on the darkening of suspen¬ 
sions of basic copper salts on boiling. 

(5) The constitutions of the basic salts have been discussed with 
special reference to Werner’s co-ordination theory. 

The author takes this opportunity to express his thanks to 
Professor Philip, F.R.S., for kindly granting facilities and to the 
Department of Scientific and Industrial Research for a personal 
grant. 

Imperial College op Science and Technology, 

London. [Received, July 9f/t, 1925.] 
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CCCLXXXVIL —The Relationship between the Optical 
Rotatory Powers and the Relative Configurations of 
Optically Active Compounds. Part II. The Relative 
Configurations of the Optically Active Mandelic 
Acids and fi-Phenyl-lactic Acids . 

By George William Clough. 

In Part I * (J., 1918, 113, 526) it was sliown that the formation 
of similar derivatives from the eonfiguratively related compounds, 
Z-lactic acid, l-glyeeric acid, d-malic acid, and d-tartaric acid, was 
usually accompanied by changes of the same character in their 
optical rotatory powers. It was therefore assumed that, as a rule, 
the introduction of the same substituent into similarly constituted, 
optically active compounds possessing the same relative con¬ 
figurations produced alterations of the same character in their 
optical rotatory powers. The somewhat vague term “ similarly 
constituted compounds 99 was used in this connexion, since it was 
not (and still is not) possible to state precisely the extent of the 
applicability of the rule. It applies to the members of such homo¬ 
logous series of optically active compounds as the aliphatic normal 
secondary alcohols and the simple^ a-hydroxy-acids. Indeed, the 
higher members of a homologous series being derivatives from the 
lower members, the rule would indicate that the optical rotatory 
powers of those optically active members of a series which are 
eonfiguratively related would lie approximately on a curve. But 
not only do regularities occur in the optical rotatory powers of 
members of homologous series, they are evident (with few excep¬ 
tions) in those of corresponding derivatives from the optically 
active mono- and di-hydroxy-propionic and -succinic acids. 

The application of the principle to d- a-hydroxybutyric acid left 
no doubt that this compound possessed the same configuration as 
Z-lactic acid, but the same confidence could not be felt in the con¬ 
clusions which were drawn from the optical rotatory powers of 
compounds in which a phenyl or benzyl group was attached to the 
asymmetric carbon atom. In an endeavour to fix definitely the 

* Errata in Part I: Pag© 532, line 5 from bottom, for u X=Bz, Y=Me ” 
read “X=Bz,Y=Et.” 

Page 532, last line, for " -123*6 ” read “ -247.” 

Page 540, line 3, for " +50*6° ” read “ -50-6V’ 

Since this paper was submitted for publication, the author’s attention has 
been directed to a paper by Freudenberg and Markert entitled ** Die Konfigur- 
ation dor Mandelsaure ” [Ber., 1025, 58, 1753). These authors have employed 
the method indicated in Part I and have confirmed the suggestion made 
therein concerning the configurations of the optically active mandelic acids. 
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configurations of tlie optically active forros of mandelic and p-phenyl- 
lactic acids, the optical rotatory powers of these compounds and 
some of their derivatives are considered in the present communi¬ 
cation. The measurement by Freudenberg, Brauns, and Siegel 
(Bcr., 1923, 56, 199) of the specific rotation of the amide of Z-hexa- 
hydromandelie acid (prepared from Z-mandelic acid) enabled those 
workers to confirm the suggestion that Z-mandelic acid is a “ d 5? -a- 
hydroxy-acid (Part I, p. 534). (For compounds containing one 
asymmetric carbon atom it appears to the present author desirable 
to retain the prefixes d- and Z- with their conventional significance, 
but to denote their relative configurations by the prefixes e< d and 
<£ l ; loc. tit., p. 534.) The optical rotatory powers of other 
derivatives from Z-hexahydromandelic acid and from Z-mandelic 
acid definitely indicate that these acids belong to the 6e d series 
of a-hydroxy-acids. This result is of importance in that it enables 
us to determine the configurations of Z-benzoin, the related optically 
active glycols and of amygdalin with reference to that of eZ-tartaric 
acid. The experimental data quoted in tables I—V are also, in 
the author's opinion, sufficient to justify the allocation of cZ-(3-phenyl- 
lactic acid to the “<Z”- series of a-hydroxy-acids. If this con¬ 
clusion is accepted, it is possible to assign configurations to the 
glycols derived from this acid and also to the four optically active 
phenylglyceric acids (provided the assumption is made that tis- 
addition of hydroxyl occurs on oxidation of the cinnamic acids; 
compare Berner and Kiiber, Ber., 1921, 54, 1945). 

The molecular rotations of the standard “ d J5 - acids in aqueous 
solution are lower * than those of the corresponding sodium (potass¬ 
ium or ammonium) salts (Table I). The same regularity is observed 
in the molecular rotations of Z-hexahydromandelic acid, Z-mandelic 
acid, d-(3-phenyl-lactic acid and their salts. 

The molecular rotations of the lower esters of the same acids 
increase as the molecular weights of the esters increase (Table II). 
The measurements by Wood and his collaborators of the optical 
rotatory powers and the optical dispersive powers of the optically 
active alkyl lactates and hexahydromandelates at various tem¬ 
peratures are especially valuable in connexion with the subject of 
this investigation. 

The molecular rotations of the amides of the same acids compared 
with those of the methyl esters further illustrate the relation of 

* Throughout this paper an “ increase ” of rotation denotes an increase 
in the numerical value of a dextrorotation or a decrease in the numerical 
value of a laevorotation, For the sake of clearness, the tabulated values are 
given for the “ d”-forms, although in some cases the measurements were 
actually made on the enantiomorphous forms. 
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Z-mandelie acid and of p-phenyl-lactic acid to the standard 

“ d J5 -a-hydroxy-acids (Table III). 

Table I. 


The Molecular Rotations ([i¥] D ) of Some Optically Active a-Hydroxy- 
acids in Aqueous Solution. 



Acid. 

Sodium 

salt. 

Potassium 

salt. 

References. 

Z-Laetic acid. 

— 2° 

4- 13*2° 

4-13*7° 

Purdie and Walker, 

1-Glyceric acid . 

( c — 6) 
-2*3 

4- 20-6 

423*7 

J„ 1895, 67, 630. 
Frankland and Apple- 

d-Malic acid. 

(c = 20) 

+ 3*0 

+ 16*2 

4-15-5 

yard, J., 1893, 63, 
311. 

Stubbs, J., 1911, 99, 

d-Tartaric acid. 

(c = 5) 
4-21*3 

4- 59-9 

4-64*4 

2268. 

Landolt, Per., 1873,6, 

Z-Hexahydro- 

( c — 6) 
—21*3 

4- 

4- 

1073. 

Wood and Comley, J. 3 

mandglic acid. 

(in alcohol) 

4- 13-6 

(ammonium) 

1924, 125, 2639. 

Z-Mandelic acid. 

-240 

-179 

— 

• 

d- /J-Phenyl-laetic 

(c = 1*6) 
4-38-0 

4- 79-5 

4-75*7 

Clough. 

acid. 

o' 

II 

u> 

v-*-* 

Table II. 



The Molecular Rotations of the Lower Esters of Some Hydroxy-acids 




Methyl. 

Ethyl. 

w-Propyl. 

w-Butyl. 

Z-Lactates.* 

Mr 

4- 8*6°. 

4- 13-4° 

4-17*4° 

4-19*6° 

Z-Gly cerates, f 

Mf 

4- 5*8 

4- 12*3 

419*1 

4-21*4 

d-Malates.f 

MT 

4- H*i 

4-19*3 

4-25-3 

4-26*4 

d-Tartrates.f 


4- 3*7 

4- 16*9 

4-29*7 

4-27*0 

Z-Hexahydbro- 

mandelates.J 

Mr 

— 36*8 

- 24*4 

-15*5 

-15*4 

Z-Mandelates. 

Mr 

-276 

-233 

— - 

— 209 [iso- 

d-j3-Phenyl-lactates.§ 

Mf 

4- 8*5 

4- 14*7 
(at 17°) 

— 

— 


* Wood, Such, and Scarf, J., 1923, 126, 601. f references, see Frank 
land and Gebhard, J., 1905,87, 865. J Wood and Comley, loc. tit . § Clough 
McKenzie and Barrow, J., 1911, 99, 1021. 


Table III. 

The Molecular Rotations of the Amides of Some a-Hydroxy-acids. 

Methyl ester. Amide.* 

Z-Laetic acid. -f 8*6° 4- 19*6 6 (in water) 

Z-Glyeerie acid -j- 5-8 4* 66-2 (in methyl alcohol) 

d-Malic said, 4- 11*1 + 52*8 (in water) 

d-Tariarfe acid. 4- 3*7 4-164 (in water) 

l-Hexahydromandelic acid. — 36*8 (at 30°) 4 66*4 (in aqueous alcohol) 

j^MandeHc acid. -*276 —144 (in water) 

d-£-Phenyl-lactie acid. -f 8*5 4-104*2 (in ethyl alcohol) f 

* Fear references, see Ereudenberg, Brauns, and Siegel, Ber., 1923, 56, 195 
f McKenzie, Martin, and Rule, J., 1914, 195, 1599. 
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From Table IV it is evident that acetylation of the methyl esters 
of the standard “ d ’’-acids (except that of ^-tartaric acid) causes 
the molecular rotations to increase. The introduction of one 
acetyl group into methyl cZ-tartrate raises the molecular rotation, 
but two acetyl groups in the molecule produce a depression in the 
molecular rotation. Acetylation of methyl d- (3-phenyl-lactate is 
accompanied by an increase in the molecular rotation, but although 
methyl Z- aeetylmandelate possesses a higher specific rotation 
(—* 146°) than methyl Z-mandelate (— 166°), the molecular rotation 
of the former is lower than that of the latter compound. The 
molecular rotations of the benzoyl derivatives exhibit more irregu¬ 
larities ; thus, the complete benzoylation of methyl Z-lactate, of 
methyl Z-gly cerate, or of methyl eZ-tartrate produces decreases in 
the molecular rotations, but the introduction of one benzoyl group 
only into ethyl cZ-tartrate and the benzoylation of methyl eZ-malate 
are accompanied by increases in the molecular rotations. The 
values in Table IV show that an increase in the molecular (or the 
specific) rotation of methyl d-(3-phenyl-lactate is produced on 
benzoylation and that an increase in specific rotation (but a decrease 
in molecular rotation) accompanies benzoylation of methyl Z-mandel- 
ate. Whilst the data for the benzoyl derivatives do not confirm 
or refute the conclusions drawn respecting the relative configurations 
of Z-mandelic and d- (3-phenyl-lactic acids, the optical rotatory power 
of methyl Z-phenylmethoxyacetate is in accordance with the view 
that Z-mandelic acid is a d ’’-a-hydroxy-acid. 

Table IV. 

The Molecular Rotations of the Acetyl, Benzoyl and Methyl Derivatives 
of Some a-Hydroxy-acids. 

Acetyl. Benzoyl. Methyl. 

Methyl Z-lactate (+8*6°). 4-76-4° -36-6°* 4-112*7° 

Methyl Z-glyeerate (4-5-8). 4-24*6 -87-6 +103*8 

Methyl d-malate (4-11*1). 4- 46*8 + 15*0 -f 92*4 

Methyl d-tartrate (4-3*7). 4- 16*6 —280 4-180*0 

(mono-, in water)t (di-, at 100°) 

- 39*6 

(di-, in alcohol) 

MethyH-mandelate (-276). -304 -382 J -173 

(in acetone) § 

Methyl d-jS-phenyl-lactate (4-8*5). 4- 16*3 4- 92-2 % — 

* Freudenberg and Rhino, Ber., 1924, 57, 1556. f Freudenberg and 
Brauns, Ber., 1922, 55, 1349. J Clough. § McKenzie and Wren, J., 1910, 
07, 484. 

It is worthy of note that the effect of a rise of temperature on the 
optical rotatory powers of the esters of Z-hexahydromandelic acid. 
(Wood and Comley, Zoc. ciL) is similar to that on the esters of 
Z-lactic acid, Z-glyceric acid, d-malic acid, (Z-tartaric acid, and 
vol. oxxvn. So 
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Z-mandelic acid. The influence of organic solvents on optical 
rotatory power will be discussed by the author in a later paper. 

The regularities observed in the influence of sodium, barium, and 
other halides on the optical rotatory powers of a-hydxoxy-acids 
or their esters in solution have also been employed for determining 
the relative configurations of these optically active compounds. 
The data in Table V fully confirm the results already obtained. 
It should be pointed out that other inorganic compounds added to 
aqueous solutions of the acids in question do not always produce 
similar alterations in the rotatory powers. For example, boric 
acid produces a dimi n ution in the optical rotatory power of 
l-(“ d ”-)lactic acid (Henderson and Prentice, J., 1902, 81, 658), 
but causes an elevation of that of d-tartarie acid (Biot). 


Table V. 


The Influence of Sodium Bromide on the Optical Rotatory Powers of 
Some Esters of oc-Hydroxy-acids in Methyl-alcoholic Solution . 


Methyl d-malate. 

Ethyl d-malate. 

Methyl d-t&rfcrate. 
w-Propyl <2-tartrate. 
Methyl Z-mandelate. 

Ethyl Z-mandelate. 

Methyl d-jS-phenyl-laetate. 
Ethyl d-jS-phenyl-lactate. 


In methyl alcohol. 
+ 8-7° (c = 5) 

+ 11*6 (c = 5) 
+ 4*6 (c = 5) 

4- 16-0 (c = 5) 

—142 (c = 3) 
-117 (c = 10) 

- 2-4 (c = 2*7) 

4- 0*8 (c = 5) 


In methyl-alcoholic 
sodium bromide (N). 

- 8*0° (c = 6) 

- 2*4 (c = 5) 

- 8-4 (c = 6) 

4- 2*6 (c n 6) 

-172 (c « 3) 

- 150 (c = 10) 

- 16-3 (c =s 2-7) 

- 12-0 (c = 5) 


That the principle employed in this investigation also leads to 
correct deductions in other classes of compounds is shown by 
Karrer’s confirmation of the present author’s view that Z-asparagine, 
i-aspartie acid, and Z-leucine are configuratively related to d-( (( l ”-) 
alanine (Helv. Chim . Acta, 1923, 6, 957; see Part I, p. 539). More¬ 
over, a study of the optical rotatory dispersive powers of a number 
of corresponding derivatives from the optically active a-amino- and 
a-hydroxy-propionic acids has revealed regularities from which 
Freudenberg and Rhino have drawn the conclusion that Z-(“ d ”-) 
alanine possesses the same configuration as l-( il d 55 -)lactic acid 
(Ber,, 1924, 57, 1551; see Part I, p. 548). 


Experimental. 

Add.—In water (c = 1*59): (Z —2) — 5*03°, 

6-28°, -5*98°, — 13*55°;- 158°,[*$»- 166°, 

[“Sin — 188°> [«J&-420°. 

Ia aqtteoxis sodium cliloiide (4N) {e = 1*59): {1 = 2} — 6*45°; 

— aor. ' • 

; mkgllManieiate.-^ M28; 0-5) - 73-04 0 , - 76*55°, 

ICS ~ 88-10° ; [«SS, - 129*4°, [«K, - 186*7°, {.Jt - 16*4°. : 
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In methyl alcohol (c = 10): (l-« 2) - 23-48°, <4£» - 24-38°, 

«& — 28-20°, c* — 65-0°; [*]g, - 117-4°, [* -121-9°, 
MS* 141-0°, MS» - 325°. 

In methyl-alcoholic sodium bromide (N) (c = 10-12): a^ 3 (l = 2) 
- 30-30°* «& - 36-55°; [«]£, - 149-6°, MS* - 180-5°. 

Methyl l-pkenylbenzoyloxyacetate, prepared by the action of benzoyl 
chloride on methyl Z-mandel&te in presence of pyridine, boiled at 
224—-225°/18 mm. 

df* 1*217; af (Z = 0-5) - 86-05°; [a®* - 141-4°. 

Methyl l-$-phenyl-lactate was prepared by McKenzie and Martin’s 
method (J., 1913, 103, 117). 

dJT 1-129; a#* (1=1) — 5-35°; [a]g* - 4-74°. 

Methyl &-QL-acetoxy-$-phenylpropionate, m. p. 30—31°, b. p. 
185°/20 mm., was prepared by the action of acetyl chloride on 
methyl d- ^-phenyl-lactate in presence of pyridine. 

Of 1-125; og* (1= 1) + 8-23°; [aflf + 7-33°. 

Methyl l-at.-benzoyloxy-$-phenylpropionate, b. p. 224—225°/16 mm., 
was prepared by the action of benzoyl chloride on methyl (3-phenyl- 
lactate in presence of pyridine. 

dp 1-161; ag* (I = 1) - 37-65°; [ajf - 32-45°. 

The above esters required the correct amounts of sodium hydroxide 
for complete Saponification, which was unaccompanied by change 
of sign of rotation. Some racemisation may have occurred in the 
preparation of methyl Z-phenylbenzoyloxyacetate; Freudenberg 
and Markert (loc. cit.) give [a]§£ — 159-9° for this compound. 

The author desires to express his thanks to the Government Grant 
Committee of the Royal Society for a grant towards the expense of 
this investigation. 

Royal Veterinary College, 

London, N.W. 1. [Received, October 5th, 1925*] 

CCCLXXXVIII.— The Action of Silica on Electrolytes. 

Part II. 

By Alfred Francis Joseph and Henry Bowen Oakley. 

The action of silica on two classes of electrolytes—acids * and 
salts—has already been studied (Joseph and Hancock, J., 1923, 
123, 2022). Its effect on bases is now described. It must again be 

* The experiments with acids have been repeated with purified “ silica 
gat’* with the same result. There has been some correspondence in Nature 
(Jan. Slst, March 28th, and April 4th) on this subject, but the present authors 
have not yet obtained experimental evidence requiring a change of opinion. 

5 O 2 . ■" 
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emphasised that a high degree of purity of the silica is essential for 
work of this kind, as the presence of a small quantity of basic 
impurity has an important effect on its properties. For example, 
a sample of silica gel which retained 6% of water after drying 
at 180° retained only 3*2% if it had been washed with hydrochloric 
acid (followed by water) before being dried. 

Silicates of the Alkali and the Alkaline-earth Metals .—Many 
studies on these substances at high temperatures have been carried 
out in recent years, but data as to reactions taking place in presence 
of much water at the ordinary temperature are scanty. The 
following facts bear on what follows : Potassium seems to form 
silicates of greater stability in water and lower solubility than 
sodium: the properties of potash glass bear this out, and also 
the fact (Morey, J . Amer. Ghem. Soc. 9 1914, 36, 230) that the 
compound KHS^Og may be left for hours with water at 100° 
without undergoing appreciable decomposition. Calcium silicate 
is less soluble in water than the barium salt. The sodium silicates, 
even when containing a high proportion of silica, are all acted on 
by water to a noticeable degree. 

The equilibrium between silicic acid and sodium hydroxide was 
studied by constructing a titration curve for a cc water glass’* 
solution containing 2 mols. of silica to 1 mol. of sodium oxide. 
The first points on the curve were obtained by the addition of 
hydrochloric acid, and the later ones by the addition of sodium 
hydroxide. In each case the hydroxyl-ion concentration was 
determined by measurement, and the amount of sodium silicate 
present was found by subtracting the quantities of hydrochloric 
acid and hydroxyl from the total sodium. The results are in 
Table I. 3i the sodium oxide neutralised is plotted against p Ky 
the curve shows a definite inflexion when the solution contains 
2 mols. of neutralised sodium oxide to 1 mol. of silica. The at 
which the ratio is half this is very nearly 10, and this corresponds 
to the value 10“ 10 for the first dissociation constant of silicic acid. 
The combination between the second molecule of sodium oxide 
takes place between ps values of 11*6 and 12*6, indicating that the 
second dissociation constant of the acid is about 10“ 12 . The curve is 
typical of the combination of a strong base with a weak dibasic acid. 


Table I. 

Solution contains 0-0186 mol. of silica per litre. 


Mois. neutralised... 


3*2 9*40 9-90 10*0* 10-72 

0-0 0*0017 0*0043 0*0046* 0-0086 

11-77 12*28 12*31 12-63 12*63 

0*0112 0*0180 0*0278 0*0746 0*1570 

marked * was obtained by interpolation. 
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The Action of Alkaline Hydroxides on Silica .—When pure silica is 
acted on by an alkaline hydroxide, neutralisation of the base 
commences immediately, and the extent to which the reaction 
proceeds is dependent on the nature and the concentration of the 
base, the quantity of silica (at the surface of which the reaction 
takes place), as well as on the usual factors such as time of contact 
and temperature. The fineness of the silica will of course deter¬ 
mine the amount of reactive surface, so that different specimens 
will not necessarily give the same quantitative results, although 
different series will be comparable amongst themselves. 

The immediate effect is the production of a silicate at the surface 
of the silica. This is followed by its partial dissolution caused by 
the solvent and hydrolytic action of the water. After a time, 
equilibrium is approached between the silicate in the solid and 
that in the liquid phase. Increase of concentration of either of the 
reagents causes an increase in the amount of silicate in each phase. 

For equal concentrations of different bases, the amount of solid 
silicate formed depends on the solubility relationships of the silicate 
of the base used, being great where the solubility is small (as in the 
case of calcium) and small where the solubility is large (as in the 
ease of sodium). 

These statements are illustrated by the results tabulated below. 
The amount of silica taken is given as g. per 100 c.c.: in all other 
cases, concentrations are expressed as g.-equiv. per litre. 

The silica was purified, and the measurements were made, as 
previously described. The reactions were carried out in wax- 
coated glass flasks. The amount of hydroxyl-ion remaining in 
solution was calculated from the measurements by means of 
the values of Michaelis for 1 /log K w at the temperatures at which 
the experiments were made: these varied between 33° and 38°. 
From the hydroxyl-ion concentration, the concentration of free 
base was calculated from its known degree of dissociation at the 
working concentration. 

Titration with standard hydrochloric acid gave the concentration 
in solution of the free base plus soluble silicate, and this, subtracted 
from the amount of base taken, gave the amount of the base retained 
in the solid phase. Neither thermostats nor shakers were used in 
this work. 

Table II. 

Effect of time on the progress of the reaction. 

Silica 0-5%. Base 0-036oiV. 

Time .. 20 hours 48 hours 70 hours 12 days 

% KaOH neutralised ...... 53 63 86 94 

% Ca(OH) £ neutralised ... 68 79 98 99 
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Table HI. 


Comparison of the amounts of solid silicate formed from different 
bases after 1 day. Initial concentration of base 0*405#. 



Base 

Fraction of 

Solid silicate 

Silicate 

Solid as 

Base. 

neut. 

base neutr. 

per litre. 

in soln. 

% of total. 

NaOH 

0*027 

0*66 

0*0014 

0*026 

5*2 

KOH 

0*029 

0*71 

0*0019 

0*027 

6*5 

Ba(OH) a 

0*021 

0*54 

0*0063 

0*014 

30 

Ca(OH) 2 

0*034 

0*84 

0*034 

0*000 

100 


The results follow the solubility relationships of the silicates of 
these four bases. 

The barium experiment was made at a different time, and the 
initial concentration of the base was 0*0392. 


Table IV. 

Effect of the concentration of the base on the amounts of silicate 
formed in the solid and liquid phases after 2 days. 


Initial 

Final 

Total 

Solid 

Silicate in 

NaOH. 

NaOH. 

silicate. 

silicate. 

soln. 

0*004 

0*00016 

0*0038 

Small 

0-0038 

0*014 

0*00058 

0*0134 

0*00024 

0*0132 

0*030 

0*00159 

0*0285 

0*00032 

0*0282 

0*060 

0-00828 

0*0515 

0*00112 

0*0504 


Table V. 

Effect of the amount of silica taken on that of the silicates formed 
in the solid and liquid phases after 8 days, 

NaOH, Ba(OH)a, CafOH)*, 

Base, 0*040#. KOH, 0*040#. 0*039#. 0*038#. 

% Silica 

taken. 0*5 1*0 0*5 1*0 2*0 0*5 1-0 0*5 1*0 

Solid 

silicate 0-0014 0*0027 0-0011 0*00210*0047 0*0063 0*0138 0*0349 0*0351 
Silicate 

insbin. 0^0366 0*0369 0*0379 0*0383 0*0358 0*0054 0*0092 0*0028 0*0027 

% Base 

neutr, 94 97 97 100 100 30 58 99 99 

(#Gte.—The experiments with sodium hydroxide were carried out with a 
different Specimen of silica: this does not affect the relationships which the 
afeoye table is designed to show.) 

From the above two tables it appears that there is (a) a direct 
equilibrium between solid silica, solid silicate and liquid phase 
(hydroxide and silicate in solution) which is the main factor in the 
case of sodium and potassium; and (b) an ordinary solubility 
relationship between solid and soluble siHeates which is the main 
factorcase of calcium and barium, no easily soluble 
silicates exist. It follows from (a) that any reduction in the 
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amount of free silica should be accompanied by a reduction in the 
amount of solid silicate, and this is shown by the following figures 
for the time effect of a stronger solution of sodium hydroxide on 
silica: the gradual passage into solution of the silica is accom¬ 
panied by a fall in the amount of solid silicate. 


Table VI. 

Simultaneous disappearance into solution of silica and solid silicate. 
1% Silica = 0-167 mol. per litre. NaOH, O-OIOI-W. 


Time. 

Ps- 

Total silicate. 

Solid silicate per litre. 

5 hours 

11*94 

0*0768 

0*0057 

1 day 

11*41 

0*0937 

0*0046 

2 days 

11*15 

0*0972 

0*0040 

4 „ 

11*00 

0*0981 

0*0039 

8 „ 

10*93 

0*0986 

0*0037 


Effect of Neutral Salts on the Reaction .—The reactions between 
neutral salts and silica have been dealt with in the previous paper : 
acidity is always developed and some of the base goes into the solid 
phase. The addition of a salt to a mixture of silica and alkali 
should favour the formation of insoluble silicate by depressing the 
solvent and hydrolytic action of the water, and this is found to 
be the case. Table VII gives the results of parallel experiments 
carried out with and without the addition of the chloride of the 
base concerned. 

Table VII. 

1% Silica and 0-042V-base. Time of standing, 1 day. Cone, of 
salt soln. = N. 


Fraction of added base found in solid phase. 


Without salt. 


With salt. 


NTaOH 0-030 

KOH 0035 

Ca(OH) 2 0-70 

Ba(OH)* 0*161 


0*078 

0*149 

0*85 

0*210 


Experiments earned out with sodium chloride and different 
amounts of silica showed that, as before, the amount of silica 
determined that of the solid silicate formed (which is, of course, 
very small in the absence of free base). Titration methods could 
not be applied, but the hydrogen ions liberated were equivalent 
to the solid silicate, and this is seen to be roughly proportional 
to the silica taken. 

Table VIII 

Silica taken. ps. of mixture. H-ion cone. 

1% 4*01 000010 

2% 3*74 0*00018 ; T 
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Summary . 

(а) The action of an alkaline hydroxide on silica results in the 
formation of a solid silicate, part of which passes into solution. 
The amount of solid silicate formed is very small with sodium 
and potassium, about 50% in the case of barium, and nearly 100% 
with calcium. These results are in accordance with the solubilities 
of the silicates of these bases. 

(б) In the case of sodium and potassium, the small amount of 
solid silicate produced is roughly proportional to the weight of 
silica taken, although the amount of silicate in solution is only 
slightly affected. These relationships show that the solid phases 
(silica and silicate) are directly concerned in the equilibrium. 

(c) The addition of a neutral salt increases considerably the 
amount of solid silicate produced. 

Wellcome Tropical Research Laboratories, 

Khartoum. [Received, July 1st , 1925.] 


CCCLXXXIX .—Isomeric Change in Aromatic Com¬ 
pounds. Part I . The Conversion of Diacylanilides 
into Acylamino-ketones. 

By Arthur William Chapman. 

In the course of an investigation on imino-aryl ethers it was found 
that when a current of dry hydrogen chloride was passed through 
fused dibenzanilide at 250—270° benzoyl chloride and benzanilide 
were produced: 

PhN(COPh) 2 + HC1 = PhNH*COPh + PhCOCl. 
Diacetanilide decomposed in a similar manner, yielding at 150— 
170° acetyl chloride and acetanilide. 

Diacylanilides, when heated in presence of either hydrogen 
chloride or zinc chloride, are converted into the corresponding 
acylamino-ketones by what has been regarded as an intramolecular 
change (Chattaway and Lewis, J., 1904, 85, 380, 589, 1663; Angel, 
J., 1912, 101, 515; Derick and Bornmann, J. Amer. Chem. Soc„ 
1913, 35, 1269). Migration does not occur in the absence of a 
catalyst of this kind, and the necessary conditions are exactly those 
under which hydrogen chloride decomposes the diacylanilides. It 
seems, then, more reasonable to suppose that, with hydrogen 
chloride as catalyst, the change takes place by decomposition of the 
<Sacylanilide into acyl chloride and anilide and recondensation to 
yield the ketone and hydrogen chloride : 

C^35?A% + HGl^C 6 H 5 *NHAc + AcCl ^C e E 4 Ac']SnaAc + HOI. 
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Zinc chloride, especially if it has been allowed to become damp, 
usually contains a little free hydrogen chloride, and this would 
account for its catalytic activity. Diacetanilide remained almost 
unchanged when heated at 140—160° in presence of dry zinc chloride 
alone, but was readily converted into p-acetylaminoacetophenone 
when hydrogen chloride was passed into the mixture. The hydrogen 
chloride therefore appeared to be the essential factor, although the 
zinc chloride no doubt assisted by acting as a condensing agent in 
the second stage of the conversion. 

The conversion of diacylanilides into acylamino-ketones furnishes 
yet another example of the numerous isomeric changes in the 
aromatic series which have been shown to proceed by fission of the 
mobile group followed by recondensation, such as the Hofmann- 
Martius change (Beckmann and Correns, Ber., 1922, 55, 852), the 
Fischer-Hepp change (0. Fischer, Annalen, 1895, 286, 145), the 
conversion of phenolic esters into hydroxy-ketones (Skraup and 
Poller, Ber., 1924, 57, 2033), and the isomeric change of imino-aryl 
ether hydrochlorides (J., 1922, 121, 1676; 1923, 123, 1150). 

It is proposed to extend the present study to other similar 
isomeric changes which have not yet been investigated from this 
point of view. 

Expeeimental 

Decomposition of Dibenzanilide and of Diacetanilide by Hydrogen 
Chloride. —Dry hydrogen chloride was passed through the fused 
diacylanilide, the temperature of which was gradually raised until 
distillation began and was then maintained constant until no more 
liquid came over. 

Diacetanilide (20 g.) yielded a colourless distillate (6*7 g,), b. p. 
51—53°, which reacted with p-toluidine to give aceto-p-toluidide 
(m. p. 147°). The residue (11-5 g.), b. p. 286—290°, crystallised 
from benzene or water in shining leaves (m. p. 114°, alone or mixed 
with acetanilide). 

p-Aminoacetophenone,p - acetylaminoacetophenone and acetanilide 
did not yield any acetyrchloride on treatment with hydrogen chloride 
even at 200—250°. 

Dibenzanilide (10 g.) yielded benzoyl chloride (2-1 g.; b. p. 
193—200°; converted by phenol and sodium hydroxide into 
phenyl benzoate, m. p. 68—69°) and benzanilide (4*8 g.; m. p. after 
recrystallisation 159—-160°, not depressed by admixture with an 
authentic specimen). 

Conversion of Diacetanilide into p-AcetylaminoaMiophenone. —A 
mixture of diacetanilide (20 g.) and powdered dry zinc chloride 
(3 g.) was heated at 140—160° while hydrogen chloride was led into 

So* 
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it for 4i hours. Since p-acetylamino acetophenone is difficult to 
isolate as such, the product was hydrolysed by boiling with con¬ 
centrated hydrochloric acid (150 c.c.) and the solution was made 
alkaline with solid sodium hydroxide, steam-distilled to remove 
aniline, cooled, and filtered. Boiling light petroleum extracted 
from the precipitate about 2 g. of p -aminoaeetophenone (m. p. 
106—107°, not depressed by admixture with an authentic sample). 

In a similar experiment without hydrogen chloride, no p-amino- 
acetophenone was isolated from the light petroleum extract, but the 
alkaline aqueous liquor gave a deep red dye on diazotisation and 
coupling with (5-naphthol. In two control experiments in which 
diacetanilide was heated alone, no ^-aminoaeetophenone could be 
detected even by the diazo-reaction. 

^-Aminoaeetophenone was also obtained by passing acetyl 
chloride vapour through fused acetanilide and zinc chloride, but was 
accompanied by much diphenylethenylamidine (m. p. 132—133°), 
formed by the condensation of 2 mols. of acetanilide with elimination 
of acetic acid. 

The University, Sheffield. [Received, October 14 th, 1925,] 


CCCXG .—The Partial Pressures of Water Vapour and 
of Sulphuric Acid Vapour over Concentrated 
Solutions of Sulphuric Acid at High Temperatures . 

By John Sheath Thomas and William Francis Barker. 

This investigation was undertaken with the object of extending the 
measurements of Thomas and Ramsay (J., 1923,123, 3256). These 
authors determined the partial pressures of the sulphuric acid only. 
It seemed desirable also to obtain data regarding the partial pressures 
of the water vapour in equilibrium with concentrated solutions of 
the acid over the same range of temperature. 

At an early stage in the work it became evident that the 
results obtained in the previous investigation were uniformly 
low. Further examination revealed two sources of error: (a) 
adsorption of sulphuric acid vapour on the glass wool employed to 
remove u mist,” and { b ) the possibility that the liquid was not in 
thermal equilibrium with the heating bath. Of these, the former 
is the more serious; it had been foreseen, but the precautions taken 
against it now appear to have been inadequate. As regards the second 
possibility, in the previous work the actual temperature of the acid 
was not measured; it was assumed, to have attained the temperature 
of the bath, considerable time having been allowed for this purpose. 
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In this investigation, the apparatus was modified to eliminate 
these errors as far as possible, and measurements of the partial 
pressures of the water vapour and of the sulphuric acid were made 
at a series of temperatures ranging from 180° to 300°. The dynamical 
method (loc. cit.) was again employed, the partial pressures being 
calculated from the experimental data by the method of Foote and 
Scholes (J. Amer. Chem. Soc. 9 1911, 33, 1309), but whereas in the 
previous work the volume of the water vapour removed by the 
current of air was either neglected, as in the case of the more con¬ 
centrated solutions examined, or calculated * from Burt’s measure¬ 
ments of the total vapour pressure (J., 1904, 90,1339), the sulphurie 


_ Fig. 1. 



acid partial pressures of these more dilute solutions being assumed 
to be negligible, in the present work it was obtained from the actual 
weight of water removed by the air. The partial pressure is then 
given by the formula 

2? = 760 v/(t? x — 

in which v represents the volume of the water vapour or the sulphuric 
acid vapour as the case may be, v x the volume of air (reduced to 
N.T.P.), and the combined volumes of the water vapour and the 
sulphuric acid vapour removed during the experiment. In calculat¬ 
ing these volumes the value 22*3 litres was taken for the gram-mole¬ 
cular volume. 

Experimental 

The modifications in the apparatus can best be understood by 
reference to Fig. 1. 

* In the previous communication reference to this correction for the 
volume of the water vapour was inadvertently omitted. 

■ 50*2 ■ | 
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A current of air from the aspirator A was dried and freed from 
carbon dioxide by passing it through the vessels B and C, containing 
concentrated sulphuric acid and soda-lime, respectively. The 
aspirator was fitted with the manometer D in order that the air 
supply mig ht be kept at constant pressure—a pressure equivalent 
to 900 mm. Hg was found to be convenient. This greatly facilitated 
the experimental manipulation of the apparatus. From C, the dried 
and purified air passed through the saturators E and F, which con¬ 
tained the acid solution under investigation. 

These saturators, each having a working capacity of approxi¬ 
mately 250 c.e., were constructed and arranged in the thermostat 
in the manner indicated in the diagram. They were half filled 
with short pieces of glass tube of narrow bore and worked very 
efficiently; the tiny air bubbles produced by the constricted vertical 
air inlet tube followed a circuitous path and remained in contact 
with the acid for a considerable time. From the bottoms of the 
saturators vertical tubes passed through the bottom of the thermo¬ 
stat and to these taps were sealed, by means of which acid was 
introduced and specimens could be withdrawn for analysis. To the 
upper portion of the final saturator a wide glass tube was sealed; 
a thermometer, fitted into this by means of the ground joint, G., 
dipped below the surface of the acid, the actual temperature of which 
could thus be observed. Although no regulator was used, this 
temperature remained very constant; variations in the voltage of 
the electrical supply occasionally gave rise to slight changes. During 
an experiment the temperature was observed at 2-minute intervals. 
These readings were plotted and from the graph the mean temper¬ 
ature was obtained. 

The thermostat consisted of a double-walled box, the outer wall 
being of galvanised iron and the inner wall, which was separated 
from the outer by an air space of about J inch, of asbestos slate. 
Through each side of the box two insulated terminals passed, leading 
to the heating units—spirals of nichrome wire—any of which could 
be used or cut out at will, according to the temperature required. 
The final temperature regulation was effected by means of an 
adjustable external distance. 

The air, saturated with acid vapour, passed from the final saturator 
through the absorbing vessels, J, into the measuring device, K. Two 
of these vessels were employed, but only one is shown in the diagram . 
Each had a capacity of about 300 c.c,; the volume between the 
fixed marks had been carefully determined and the lower limb was 
graduated. Ikiring the experiment water was run out at such a 
rate as to keep the air Under atmospheric pressure. 

paeh experiment involved two determinations : (a) the total 
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weight of vapour (sulphuric acid and water) removed by a given 
volume of air, and ( b ) the weight of the removed sulphuric acid 
vapour alone. For the determination of the total weight of vapour 
a series of absorption tubes was used. These contained solid sodium 
hydroxide followed by granular calcium chloride and were carefully 
weighed before and after each experiment with all the usual pre¬ 
cautions. For the estimation of the sulphuric acid vapour the 
conductivity method described ( loc . cit.) was employed, except in 
the case of the 99*23% solution; no water vapour could be detected 
in the vapour from this and the increase in weight of the absorption 
tubes was assumed to be entirely due to sulphuric acid. 

Connexion between the absorbing vessels and the final saturator 
was made by means of the carefully ground joint, H, which was 
situated inside the thermostat, thus obviating the premature con¬ 
densation of vapour. The inner portion of this joint projected into 
a small bulb, not shown in the diagram, the object of which was to 
prevent the creeping of acid along the surface of the glass into the 
absorbing vessels. 

Preliminary experiments having disclosed that the use of glass 
wool for the prevention of the mechanical transference of acid in the 
form of “ mist ” leads to serious errors, this end was attained by 
using an extremely slow current of air; in the final experiments the 
rate of flow never exceeded 150 c.c. per hour. On examining the 
brightly illuminated space above the surface of the acid, no trace 
of mist could be seen. 

The strength of the various acid solutions examined was deter¬ 
mined gravimetrically. Analysis of four samples from each saturator 
at the close of the series of determinations revealed no change in 
concentration. 

The Variation of the Partial Pressures mth the Temperature. 

Five series of measurements were made on sulphuric acid solutions 
of concentrations between 89*25 and 99*23% H 2 S0 4 , in each case 
at a number of different temperatures ranging from 180° to 295°; 
on account of the lower boiling points of the more dilute solutions 
measurements could not be made at the higher temperature. The 
results are in Table I, in which the pressures are expressed in mm. 
of mercury. 

In calculating the values in columns 2, 3, and 4 the assumption 
has been made that the sulphuric acid vapour is not dissociated, 
whilst the values in the next three columns are based on the 
assumption that complete dissociation of the acid vapour occurs* 
The values for the dissociated acid cannot be obtained 
corresponding figures for undissociated acid by means of the exja^ 
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Table I. 

Series A. 89-25% H 2 S0 4 . 

Assuming complete dissociation. 


t. 

PSftSO** 

PHsO- 

P. 

p'so 8 * 

PHto* 

P'. 

183-0° 

0*5 

78-8 

79-3 

0-5 

79*2 

79-7 

197-5 

1*3 

116*9 

118*2 

1-3 

118-0 

119-3 

216-5 

2*1 

233*1 

235*2 

2-1 

234*6 

236-7 

230-0 

3*6 

306*3 

309-9 

3-6 

308-4 

312-0 

24h5 

5-3 

414-8 

420*1 

5-3 

417-2 

422-5 



Series B. 

91-26% 

H 2 S0 4 



191-0 

0*6 

50-7 

51*3 

0-6 

51*3 

51-9 

2050 

1*9 

84*7 

86*6 

1*9 

86*1 

88-0 

222-0 

4*5 

158-5 

163*0 

4-5 

162-1 

166-6 

242-5 

6*4 

271-6 

278-0 

6-4 

275-7 

282*1 

252-5 

11*3 

385-3 

396-6 

11-1 

390*7 

401-8 

258*0 

13*6 

448-7 

462*3 

13-4 

454*2 

467-6 

262-5 

16-3 

411*1 

427-4 

15-9 

419-0 

434*9 



Series C. 

95-06% H 2 S0 4 . 



180-0 

2*1 

10-1 

12-2 

2-1 

12*2 

14-3 

200*0 

4*8 

21*2 

26-0 

4-8 

25*8 

30*6 

215-5 

8-5 

46-5 

55-0 

8-4 

54*4 

62-8 

232-0 

13-4 

91-9 

105*3 

13-2 

103*5 

116*7 

244*5 

19-9 

120*1 

140-0 

19*4 

136*4 

155-8 

252-0 

20-0 

156-5 

176-5 

19*5 

172*0 

191*5 

261-0 

27-9 

180-7 

208-6 

26*9 

201*1 

228*0 

270-0 

39-9 

254*9 

294-8 

37*8 

279-6 

317*4 

280*5 

52*0 

310*0 

3620 

48*7 

351-9 

400*6 

282*0 

52*6 

350*2 

402-8 

49*2 

376*5 

425*7 



Series D. 

98-06% H 2 S0 4 . 



204*0 

5*9 

0-0 

5*9 

5*9 

5-9 

11*8 

218-5 

9*8 

1-5 

11*3 

9*7 

11-2 

20*9 

234*5 

14*7 

3*2 

17*9 

14-4 

17-6 

32-0 

249-0 

28-5 

2-6 

31*1 

27*5 

30-0 

57*5 

261*0 

38*8 

5*0 

43-8 

36*9 

41*6 

78*5 

273*0 

61-9 

5*3 

67-2 

57*2 

02*5 

119-7 

285*0 

91-6 

11-8 

103-4 

81*8 

92-2 

174*0 

295*0 

132*3 

14-7 

147-0 

112-7 

125*2 

237*9 



Series E. 

99*23% 

H£0 4 . 



211-0 

33*2 

•— 

33*2 

33-2 

33*2 

66*4 

225*0 

49*9 

. — 

49*9 

49-9 

49-9 

99*8 

227-0 

55*4 

—- 

55-4 

55-4 

55-4 

110*8 

244*0 

64*1 

— 

84*1 

84*1 

84*1 

168-2 

261*0 

163*8 

— 

163*8 

163-8 

163-8 

327-6 

270*0 

229*8 

-— 

229-8 

229*8 

229-8 

459-6 

261-0 

272*3 

/ . 

272*3 

272-3 

272-3 

544*6 

290*0 

381*5 

— 

381-5 

381*5 

381-5 

763-0 


Bfeas and P’^ = 2p HsS0 , + Ph 8 o, where p' refers 

' 'is assumed. The reason for this lies 

m the method, which is applicable whichever assumption is made, 
Tmfe which does aJlow of resid being translated from one basis 
to the other because of the volume change which must be taken 
into account. The following example, taken from an actual experi- 
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ment on 91*26% H 2 S0 4 , makes this point clear. In this example 
the question is simplified because the volume of air used in the 
two runs chanced to be the same. 292*3 C.c. of air at N.T.P. were 
passed through the acid (262*5°). The increase in weight of the 
absorption tubes was 0*3554 g. and the weight of acid absorbed 
in conductivity water was 0*0630 g. Assuming no dissociation : 
VoL of 0*0630 g. B^SO* and 0*2924 g. H 2 0 at N.T.P. = 14*3 and 
362*2 c.c., respectively. Total vol. = 668*8 c.c. Pk&o* = 14*3 X 
760/668*8 = 16*3 mm. and p Ki0 = 362*2 X 760/668*8 = 411*1 mm. 
Therefore P = 427*4 mm. Assuming the acid to be completely 
dissociated : Weight of S0 3 in the acid vapour removed = 0*0630 X 
80/98 = 0*0514 g., and weight of water removed = 0*3554 — 
0*0514 = 0*3040 g. The corresponding volumes at N.T.P. are 14*3 
and 376*6 c.c., respectively. Total volume = 683*2 c.c. p' ao , = 
14*3 X 760/683*2 = 15*91 mm. and p' w = 376*6 X 760/683*2 = 
419*0 mm. Therefore = 434*91 mm. But 2p KtBOl + Ps z o = 
443*7 mm. The difference between the results obtained by the 
two methods of calculation is not serious for the more dilute acids 
at moderate temperatures. It becomes important at higher tem¬ 
peratures, especially when the concentration exceeds 95%. 

Although, for the sake of uniformity, all the experimental results 
are carried to the first decimal place, this degree of accuracy is not 
necessarily claimed for each single determination. 

At low temperatures the relation between temperature and 
partial pressure of the water or of the acid vapour was approximately 
linear in both cases. At higher temperatures, however, the partial 
pressures increase, with increasing temperature, more rapidly than 
this simple relationship demands. The variation of the partial 
pressure with change of temperature can be represented with con¬ 
siderable accuracy by expressions such as that used by Berman for 
solutions of ammonia in water, or better, by Rankine’s equation 
logic p = a — p/2 7 — y log T. The constants a, p , and y, in the latter 
expression were obtained in the usual way from values taken from 
the smoothed curve. 


99*23% H 2 S0 4 
98*06% H 2 S0 4 

95 06% H 2 S0 4 


91*26% H 2 S0 4 
89*25% H 2 S0 4 


V 

- d ass-_ 

20*0946; 

J3 = 

1695*86; 

7 = 

- 9-3427. 

2 >h,so< 

a ass 

8*2878; 

jS = 

4319*7; 

7 = 

- 0-5160. 

PStO 

a ass¬ 

20*7109; 

P = 

5415*31; 

7 = 

3-6353. 

P 

et = 

10*8170; 

JS = 

4518*21; 

7 = 

0-2571. 

PHaSCk 

a — — 

106*5692; 

P = 

-4828*25; 

7 = 

-36-2945. 

2 >h*o 

a as= ■' 

22*4406; 

P = 

4541*0; 

7 = 

4-2726. 

P 

a =* 

8*4658; 

P = 

3516*97; 

7 ■ — 

— 0-1707. 

2 ^H*SO* 

a 5 = 

48*2388; 

P = 

7026*67; 

7 = 

12-4310. 

P£ItO 

a = 

65*2394; 

P = 

7354*24; 

7 = 

17-8856. 

P 

a ssb 

66*8040; 

P = 

7483*28; 

7 = 

18-3659. 

P£ *so 4 

a = 

75*5303; 

P = 

8529*90; 

7 — 

21-4699. 

P &*o 

a ,= — 

32*5120; 

P = 

216*85; 

.7 ==’ 


P 

a = — 

33*5235; 

P = 

155*653; 

7 

-13-4463. 
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Table II 

99-23% H s S 0 4 . 98-06% H a S0 4 . 

. ■ , i.i - -V - , —— /- \ 



2%aSO** 

PKtSOi- 


^HaSCU* 

PHaSO*- 

PHaO* 

PHaO* 


t. 

obs. 

calc. 

P, 

obs. 

calc. 

obs. 

calc. 

P. 

180° 

10-0 

9*5 

19*5 

1*5 

1*3 

0*14 

0*12 

3*2 

185 

12-0 

11*7 

24*0 

2*0 

1*7 

0-18 

0*16 

4*2 

190 

14*2 

14-0 

28-0 

2-6 

2-2 

0-25 

0*21 

5*1 

195 

17-2 

16-95 

34-2 

3*2 

2*7 

0-30 

0*27 

5*5 

200 

21*0 

20*5 

41*0 

4*0 

3*45 

0*35 

0*35 

8*0 

205 

24*5 

24-6 

■ 48-0 

4*7 

4*3 

0*45 

0*44 

9*7 

210 

29*0 

29*5 

58-2 

6*2 

5*4 

0-57 

0*55 

12*0 

215 

34*2 

35*3 

68*5 

7*5 

6*7 

0-72 

0*69 

15*0 

220 

41*0 

42*1 

81*0 

8*7 

8*3 

0*90 

0*87 

18*2 

225 

49*0 

50*0 

94*5 

10*5 

10*2 

M0 

1*07 

22-0 

230 

58*0 

60*1 

110*5 

13*0 

12*5 

1-32 

1*30 

27*0 

235 

67*5 

• 70-6 

128-0 

15*7 

15*3 

1*67 

1*64 

32*7 

240 

80*0 

83-1 

149-7 

18*7 

18-6 

2-00 

2*01 

39*2 

245 

94*0 

97*7 

173-0 

22*5 

22*2 

2-40 

2-45 

46*7 

250 

111*0 

115*5 

198-2 

27*0 

27*1 

2-95 

2*98 

56*0 

255 

131*0 

134*5 

227-0 

32-2 

32*6 

3-52 

3-61 

66*7 

260 

153*0 

158-0 

257-5 

38-5 

39-2 

4-22 

4*35 

78-7 

265 

179*0 

184*3 

291-0 

46*2 

46*7 

5-10 

5*20 

92*5 

270 

209*5 

214-9 

327*5 

55*5 

55*6 

5-15 

6*25 

109-0 

275 

243*0 

250*5 

368-0 

66-0 

66-1 

7*42 

7*46 

127*5 

280 

282-2 

286*6 

412*0 

78-5 

78*1 

8-85 

8-94 

150*2 

285 

328*0 

326-6 

459*0 

92-7 

92*3 

10-52 

10-50 

175*5 

290 

380*0 

389*1 

500-2 

109*5 

109*1 

12-47 

12*40 

205*0 

295 

440*0 

448-4 

565-5 

130*7 

132-7 

14*65 

14*60 

240*5 

300 

505*2 

517*2 

626*2 

150*1 

151*7 

17*10 

17*12 

284*0 

305 

577*0 

596*2 

692*0 

174*5 

174*2 

19*95 

20*02 

336*5 

310 

659*5 

684*7 

— 

203*5 

202*8 

23-0 

23*35 

393*5 

315 

752*0 

— 

— 

235*0 

235*5 

26-45 

27*14 

456-0 

320 

-.. 

785*1 

— 

270*0 

272*7 

30*25 

31*50 

515-0 



95*06% 

H a SD 4 

• . . 



91*26% H- 

»so 4 . 


PH*SO<- 

Ph*SOi- 

Pff aO* 

2%aO- 


Ph*so«* 

PhsSoa* 

PsaO* 

PHaO* 


u 

obs. 

calc. 

obs. 

calc. 

P. 

obs. 

calc. 

obs. 

calc. 

P. 

180° 

3*2 

3*1 

11*0 

11*7 

16*4 

0-47 

0*51 

33*5 

31*6 

35*0 

185 

3*5 

3*5 

12*5 

14-3 

18*2 

0*62 

0*66 

41*0 

39*0 

42*0 

190 

4-0 

4*0 

16*5 

17*5 

22-0 

0*82 

0*84 

48*5 

49*0 

50*0 

195 

4*5 

4*6 

20*5 

21*3 

27*2 

1*05 

1*07 

59*0 

58*4 

61-2 

200 

5*1 

5*2 

25*5 

25*8 

31-7 

1*35 

1*35 

70*0 

70*7 

78*1 

205 

5*9 

6*0 

31*0 

31-1 

38*5 

1*71 

1*70 

85*4 

85*4 

88*0 

210 

6*7 

6*8 

37-0 

37*3 

46-2 

2*14 

2*13 

102*6 

102*6 

106*2 

215 

7-7 

1-9 

44*0 

44*5 

55*0 

2*65 

2*63 

122*0 

120*4 

127*2 

220 

9*1 

9*1 

53*0 

53*0 

66*0 

3*27 

3*24 

146*2 

144*3 

152-0 

225 

10*3 

10*4 

62*2 

62*5 

79*1 

3*98 

3*98 

172*0 

170*4 

179*5 

230 

11*9 

12*0 

74*0 

74-1 

93*5 

4*85 

4*84 

200*9 

199-2 

209*5 

235 

13-7 

13*8 

87*0 

87*2 

110*5 

5*87 

5*88 

233-0 

233*0 

244-0 

240 

15-6 

15*9 

102*2 

102*1 

130*0 

7*07 

7*12 

271-0 

270*6 

283*0 

245 

18*1 

18*4 

119*5 

119*4 

152*3 

8*55 

8*55 

313*0 

312*1 

327*0 

250 

20*9 

21*2 

139*0 

139-0 

176*0 

10*25 

10*22 

360-5 

360*1 

377*2 

255 

24*3 

24-4 

160*2 

161*3 

202*5 

12*25 

12-16 

413*0 

413*0 

433*5 

260 

23-1 

28-3 

185*2 

186-5 

231*0 

14*60 

14*45 

469*2 

470*8 

499*5 

265 

32-5 

32-6 

213*5 

215-0 

263*2 

17*30 

17*01 

532*5 

535*5 

561*2 

270 

37*9 

38*0 

245*0 

247-1 

300*0 

20*30 

20*02 

600-0 

604*5 

636*5 

275: 

43*6 

43-9 

281*7 

282*3 

343*0 

24*9 

22*42 

675*2 

684-9 

721-0 

280 

59*2 

50*7 

323*0 

323*8 

393-0 





265 

58*0 

53*4 

369*0 

369*4 

452*2 






220 

67*5 

67*9 

426*0 

420*2 

522*0 






395 

•'-■'■Wr 

78-4 

47$*0 

476*3 

600*0 






200 

91*6 

90-7 

539*5 

538*6 

690*0 






305 

106-5 

105-7 

608*0 

607*7 

. ■— 
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Table II {continued). 


89-25% H 2 S0 4 . 



Pm so*- 


Pm 0* 

2%»o* 



PejSo* 

* Pe&Oa 

• PmO' 

jPh lo¬ 


t. 

obs. 

calc. 

obs. 

calc. 

P. 

t. 

obs. 

calc. 

obs. 

cale. 

P. 

180° 

‘ 0-45 

0-47 

69-9 

69*4 

70*7 

225° 

3*07 

3*12 

263*7 

265*5 

268*0 

185 

0-60 

0-60 

82*5 

78*8 

83*5 

230 

3*67 

3-71 

303*0 

306*0 

307*9 

190 

0-75 

0-75 

96*0 

94*7 

97*3 

235 

4*34 

4*42 

347*0 

348*9 

353*2 

195 

0-95 

0-94 

111*7 

110*3 

113*2 

240 

5-10 

5*22 

400*0 

403*2 

408*0 

200 

1*18 

1-17 

128*1 

12S-4 

131*0 

245 

6*00 

6*13 

463*0 

462*8 

471*2 

205 

1-43 

1-44 

149*5 

148*7 

160*9 

250 

7*13 

7*16 

534-1 

530*0 

545-0 

210 

1-75 

1-76 

172*0 

172*2 

174*8 

255 

8-25 

8*35 

614*0 

605*0 

628-5 

215 

2-12 

2*15 

198*5 

199*4 

201-7 

260 

9*56 

9*66 

702*0 

691*5 

723-5 

220 

2-56 

2*59 

229*5 

230*0 

235*5 








The values of the partial pressures and also of the total pressures 
taken from the smoothed curve, which may be looked upon as the 
true experimentally determined values, agree closely with the values 
calculated by means of these equations over the whole range. As 
was to be expected, the divergences are greatest at low temperatures. 
The observed and the calculated values of the partial pressures are 
set out in Table II. The values of P are obtained from the observed 
values on the assumption that the acid vapour undergoes complete 
dissociation. 

On extrapolating the total-pressure curves to 760 mm. the boiling 
points of the different solutions are obtained. 

Bata concerning the boiling points of concentrated solutions of 
sulphuric acid have been given by Marignac (see “ Sulphuric Acid 
and Sulphur Dioxide,” Wyld, p. 194) and Beckmann (Z. physical, 
Ghem 1905, 53, 129). The values obtained in this investigation 
are in good agreement with those obtained by graphical interpolation 
from the above-mentioned sources. They are shown in Table 133. 


Table III. 


B. p. calc. 

__TET ct 


Cone. B. 

. p, from B. pi calc. 

B. p. from. 

PhjS04 

Pmo 

assuming H a £ 

of 

V. P. 

from 

other 

at b. p. 

at b. p. 

vapour 

acid. 

curve. 

equation. 

data. 

(mm.). 

(mm.). 

dissociated. 

99-23% 

315-2° 

313-8° 

310° 

-— 

— 

309*75° 

98-06 

349 

352-8 

331—338* 

678*7 

81*3 

332*5 

95-06 

307-5 

307*6 

300 

115 

645 

302*5 

91*26 

278-0 

278*1 

268-7 

26*5 

733-5 

277 

89-25 

261*6 

263*2 

257 

12*9 

747-1 

261 


* The value 331-7° given by Landolt and Bernstein (“ TabeUen, 5 ’ 5th ed., 
p* 1433) on the authority of Beckmann for the boiling point of pure sulphuric 
acid clearly should refer to the constant-boiling mixture containing 98*3% 

h 2 so 4 . 

In columns 5 and 6 of the above table are given the partial 
pressures of the water vapour and of the sulphuric acid vapour 
respectively at the boiling point. 
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Throughout this work It has been assumed that the sulphuric 
acid vapour remains undissociated. Whilst this may be approxi¬ 
mately true at the lower temperatures, and especially for the more 
dilute solutions, the vapour in equilibrium with which always 
contains a large excess of water molecules, at higher temperatures, 
particularly in the case of the more concentrated solutions, this 
assumption cannot be justified. According to Dittmar (Ghem. 
News, 1870, 20, 258) pure sulphuric acid in the state of vapour is 
practically completely dissociated. If this is so, the values obtained 
for the sulphuric acid partial pressure will be lower than the real 
partial pressure of the dissociated acid, and the boiling points 
obtained from these measurements will therefore be too high. The 
figures given in Table III show this to be the case, although it should 
be pointed out that this influence, even supposing it to exert its 
maximum possible effect, is comparatively slight for solutions the 
concentrations of which lie below 95% H 2 S0 4 - For example, 
whereas complete dissociation of the sulphuric acid vapour would 
increase the total vapour pressure of 98-06% acid at 275° from 73*4 
mm. to 127-5 mm., an increase of 73*7%, in the case of 91*26% 
H 2 SG 4 the increase, at the same temperature, amounts to 3% only. 

Unfortunately, the extent to which sulphuric acid vapour is 
dissociated at different temperatures and in the presence of widely 
varying concentrations of water vapour is not known and, conse¬ 
quently, no systematic correction for this factor can be applied to 
the values obtained in this research. In Table II values are given 
for the total vapour pressures, based on the assumption that the 
sulphuric acid vapour is always completely dissociated. For 
solutions containing less than 95% B^SO^ the increase in the total 
vapour pressure due to this factor is very slight. In the last column 
of Table 131 are given the values obtained for the boiling points 
when it is assumed that the sulphuric acid vapour is completely 
dissociated. These figures approach very closely indeed to the 
generally accepted values. 

The Variation of the Total Pressure and of ike Partial Pressures with 
the Concentration. 

The mode in which the total vapour pressures and the component 
pressures over concentrated sulphuric acid solutions vary 
when the compositions of these solutions is changed is illustrated in 
Fig. 2: In this diagram the total pressure, the p-s^o- and the 
jPn^-isothennals have been drawn for temperatures of 260°, 230°, 
md 20ffV Thesq isoth 

Tje form of these curves is striking, In the case of both the 
ai *d the |>Hto-isothermals a sudden and very marked change 
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of direction occurs when the solution contains 98-2% of sulphuric 
acid. The total-pressure isothermals exhibit a pronounced luiuimuTu 
at the same composition. This concentration agrees very closely 

Fig. 2. 


Composition of Solution — p^o-isothermals. 

100 99 98 97 96 95 94 93 92 90 91 89 



Composition of Solution — P-and p^ Qi -isothermals only . 

B Points on p^o-isothermals. © Points on p^o^isothermals. 
X Points on P-isothermal#. 


indeed with that of the constant-boiling mixture, which is usually 
considered to contain 98*3% HgSO^ 

At this concentration the composition of the liquid and gaseous 
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phases must be the same and, assuming the vapours in equilibrium 
with the liquid to behave as perfect gases, the ratio of the two partial 
pressures should be identical with that of the molecular fractions in 
the liquid. In Table IV these ratios are compared for a series of 
temperatures. 

Table IV. 


i . 

Ph*804* 

too* 

toso*/too« 

Mj(l - M). 

180° 

1*5 

0*14 

10*7 

10*01 

200 

3*7 

0*35 

10*5 

10*01 

220 

10*5 

0*85 

10*23 

10*01 

240 

19*6 

1*85 

10*05 

10*01 

260 

39*7 

3*8 

10*45 

10*01 

280 

82*2 

8*0 

10*27 

10*01 

300 

159*0 

15*5 

10*30 

10*01 


When the nature of the partial-pressure curves and the very large 
variations in pressure which accompany small changes in composition 
in the neighbourhood of this point are taken into account, the 
agreement is to be considered quite satisfactory. 

Since the partial pressures of both water and sulphuric acid vapour 
have now been determined, it is possible to test the applicability to 
concentrated sulphuric acid solutions under the conditions of these 
experiments of the Duhem—Margules equation 

d log pjd log M = d log p 2 /d log (1 — M ) 
in which p x and p 2 represent the partial pressures of sulphuric acid 
and water vapours and M and l — M the molecular fractions of these 
substances in the liquid mixture. 


Table V. 

Cone, of 



h s so 4 . 

M. 

Pi* 

Pi* 

dp v 

-dp 2 . 

*Pt 

p x l~~M. 
V* M 


89 

0*5978 

0*30 

65 

0*09 

20*0 

0*0045 

0*0031 


91 

0*6257 

0*62 

43 

0*18 

11*0 

0*0164 

0-0086 


93 

0*6864 

i*02 

26 

0*22 

9*0 

0*0246 

0-0179 


95 

0*7421 

1*55 

13 

0*27 

6*0 

0*0458 

0*0414 

200 

89 

0*5978 

0*86 

128 

0*25 

37*0 

0*0067 

0*0051 


91 

0*6257 

1*50 

* 80 

0*40 

23*5 

0*0170 

0*0112 


93 

0*6864 

2*37 

44*5 

0*48 

14*5 

0*0331 

0*0243 


95 

0*7421 

3*50 

20*5 

0*60 

10*0 

0*0610 

0*0593 

220 

89 

0*5978 

2*50 

240 

0*45 

57*0 

0*0079 

0*0069 


91 

0*6257 

3*65 

150*7 

0*62 

36*0 

0*0172 

0*0111 


93 

0*6864 

4*90 

89*5 

0*85 

25*5 

0-0383 

0-0250 


95 

0-7421 

6*85 

46*0 

1*10 

18*5 

0*0594 

0-0517 

m 

89 

0*5978 

4*86 

406 

0*80 

90*0 

0-0089 

0-0081 



0-0257 

6*9 

291 

1*05 

63*0 

0*0167 

0-0142 


93 

0*6864 

9*8 

186*5 

1*65 

40*0 

0*0412 

0-0240 


95 

0*1421 

13*3 

102*0 

2*05 

37-0 

0*0553 

0-0453 

m 

/ 89 

0*5978 

8*9 

727 

2*0 

142*0 

0*0141 

0-0082 


91 

0*6257 

14*0 

502 

2*61 

100*0 

0*0261 

0-0167 


•• m : 

0*6864 

20*1 

329 

3*39 

79*0 

0*0429 

0*0279 


mMr ■ 

0*7421 

27*1 

188 

3*79 

68*5 

0-0553 

0-0501 



WATER VAPOUR AND OF SULPHURIC AGED VAPOUR, ETC. 2831 

The integration of this expression involves certain assumptions 
regarding the relationship between the partial pressure of each 
component and the vapour pressure of that component in the pure 
state. If, however, the equation is written in the form 

rfgi _Pi, l — M 

dp~z~p 2 ‘ M 

it can be tested by substitution of the values obtained from the 
isothermals. The estimation of dp l and dp 2 was carried out 
graphically by drawing the approximate tangent to the isothermal 
at the required point. The results obtained are summarised in 
Table V. 

The values obtained for Pi/p z .{l — M)jM are invariably lower 
than those for — dp l ;dp 2 . but in view of the fact that considerable 
dissociation of the sulphuric acid vapour probably occurs, close 
agreement was scarcely to be expected. 

Summary. 

1. The partial pressures of the water vapour in contact with 
acid-water mixtures containing from 89% to 99-3% of sulphuric 
acid have been determined at temperatures ranging from 180° to 
300° by a method previously described. 

2. The previously determined values of the sulphuric acid partial 
pressures were vitiated by adsorption of acid vapour on the glass 
wool employed to prevent mechanical transference of liquid, and 
have been redetermined. 

3. Both the water and the sulphuric acid partial pressures, and 
also the total pressure, can be represented by Rankine’s equation 

log p = oc — $}T — y log T, 

for which the various constants have been calculated. 

4. The boiling points obtained from the total pressure by extra¬ 
polation are considerably too high. If, however, it is assumed that 
complete dissociation of the sulphuric acid vapour occurs, values 
are obtained which are in good agreement with the accepted values. 

5. The p a ,so«-> Ps 2 o-> and P-isothermals have been constructed for 
temperatures of 260°, 230°, and 200°. The P-isothermals exhibit a 
sharp minimum at a composition 98-2% H^0 4 . The form of the 
partial pressure curves is in qualitative agreement with the Duhem- 
Margules equation. The quantitative agreement, however, is not 
close, probably on account of dissociation of the acid vapour. 

The Uotvekshy, Cape Town. [Received, March 16ife, 1926.] 
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OCCXCI .—The Partial Formaldehyde Vapour Pressures 
of Aqueous Solutions of Formaldehyde. Part II. 

By Wilfrid Ledbury and Ethelbert William Blair. 

The investigation of the partial formaldehyde vapour pressures 
of aqueous formaldehyde solutions, described in Part I (this vol., 
p. 26}, showed that, following a prolonged initial exposure at 16°, 
equilibrium between the liquid and vapour phases was only gradually 
attained when the temperature of a solution was subsequently 
changed to 20° or 0°. An explanation of this was based upon the 
assumption that a new equilibrium between complex (polymerised, 
hydrated, etc.) and simple molecules in solution, depending on the 
temperature, was gradually approached as time elapsed. The 
presence in aqueous formaldehyde solution of both the polymerised 
and monomoleeular forms is made evident by the work of Auerbach 
and Barsehall (Arb. Kais. Ges.-A., 1905, 22, 584; CJiem . Gentr 
1905, EE, 1081), who carried out molecular-weight determinations 
by the cryoscopic method. These determinations indicated that 
in solutions containing 37—38% (by vol.) of formaldehyde, there 
probably exist polymerides of complexity greater than trimolecular. 
Auerbach and Barsehall concluded that the equilibrium between the 
different molecular forms of formaldehyde is reversible, so that the 
condition of aqueous solutions of formaldehyde, a short time after 
preparation, depends only on the concentration and temperature. 
In order to study further the influence of temperature and solution 
concentration on the partial formaldehyde vapour pressures of 
aqueous formaldehyde solutions, determinations have been carried 
out at 35° and 45°, and these new data correlated with those pre¬ 
viously obtained at 0° and 20°. 

It has been previously pointed out by the authors that methyl 
alcohol, when present in small amounts (compare the proportion of 
methyl alcohol to formaldehyde in commercial formalin), con¬ 
siderably enhances the partial formaldehyde vapour pressures of 
formaldehyde solutions at 20°. Formaldehyde in methyl-alcoholic 
solution and in a mixture of water and methyl alcohol, containing a 
large proportion of the latter, has since been investigated in this 
connexion, and also the effect of the presence of small amounts of 
the alcohol in formaldehyde solutions at 35° and 45°. 

Experimental. 

Method m4 Appc&atm. —Aqueous solutions of formaldehyde, free 
from methyl srfedhol, were prepared either by the method of con¬ 
tinuous refluxing previously described or by dissolving solid para- 
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formaldehyde, uncontaminated with methyl alcohol, in boiling water. 
The solutions so prepared were kept for 2 or 3 weeks at room 
temperature; it was then assumed that the equilibrium between the 
different molecular species of formaldehyde in solution had attained 
a value dependent only on the concentration and temperature of 
exposure, irrespective of the method of preparation (Auerbach and 
Barschall, loc. cit.; Auerbach and Pluddemaim, ibid., 1914,47,116). 
To ascertain the effect of the presence of small amounts of methyl 
alcohol on the partial formaldehyde vapour pressures of the solutions, 
the alcohol, having an acetone content of less than 0*10%, was added 
to a series of the solutions in such amounts as to provide a constant 
ratio, CH 4 0/CH 2 0. For the preparation of formaldehyde in methyl- 
alcoholic solution, a current of dry nitrogen was passed over para¬ 
formaldehyde in a silica tube at 170°. Formaldehyde vapour, 
carried forward by the gas-stream, was absorbed in methyl alcohol, 
as free as possible from acetone. The solution was filtered from 
any insoluble polyoxymethylenes and kept several weeks before 
use. This solution has an exceptionally irritant action on the 
membranes of the eyes and nose. Unlike aqueous formaldehyde, 
it produces this effect after a minute or so. 

The formaldehyde content (ca. 15%) of this solution was estimated 
both before and after refluxing with dilute sulphuric acid, and the 
difference in the values showed that the equivalent of about 5 g. of 
formaldehyde per 100 c.c. was combined as methylaL When a 
methyl-alcoholic solution of formaldehyde was prepared by heating 
an excess of pure paraformaldehyde with methyl alcohol in a sealed 
tube for 6 hours at 120°, the major portion of the aldehyde in solution 
was combined as methylaL The free formaldehyde content was 
6*63 g. per 100 c.c., whilst the methylal present was equivalent to 
12*0 g. per 100 c.c. Refluxing paraformaldehyde with methyl 
alcohol at the ordinary pressure for 2 days yielded a solution con¬ 
taining 5*16 g. of free formaldehyde and 1*44 g. of combined 
formaldehyde per 100 c.c. 

As in the corresponding determinations at 20° and 0°, the 
“ dynamic ” or “ flow ” method was employed for the series of 
experiments at 35° and 45°. The apparatus used was similar to 
that described in Part I, except that a heating unit of 500 watts was 
substituted for the small carbon-filament lamp. Since accurate 
estimations of small amounts of formaldehyde are possible by the 
use of the iodometric method of Romijn ( Analyst , 1897, 22 , 221; 
see also Chem.-Ztg*, 1901, 25, 74; Ber., 1898, 31, 1979; 1901, 34, 
2817), it was necessary to pass volumes of air of only 2 or 3 litres 
at the most for each vapour pressure determination. Ihuring 
course of a run, involving several successive determinations on thk 
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same solution, the alteration of the strength of the formaldehyde 
solution in the “ carburettors ” was thus made negligible, even in 
the case of concentrated solutions at 45° (compare Part I). De Waal 
(. Pharm , Weekblad , 1907, 44, 1207; J. Pharm. CUm 1907, 26, 498) 
has shown that in presence of air increase of temperature promotes 
oxidation of formaldehyde in solution, but that this is slight even at 
50°, after an exposure for 400 hours. In the present series of 
determinations, air was passed at the rate of about 1 litre in 3 hours. 
All estimations of formaldehyde and methyl alcohol were carried 
out as previously described, and a similar procedure of experi¬ 
mentation was followed. 

Formaldehyde Vapour Pressures of Aqueous Formaldehyde Solutions 

at 35° and 45°. 

For solutions of formaldehyde not containing methyl alcohol, 
the vapour pressure values at 35°, obtained after the passage of 
several litres of air (for successive determinations), were slightly 
higher than those obtained at the outset. This increase, however, 
was not nearly so marked as at 20°, and the eventual steady maxi¬ 
mum was more rapidly reached. Solutions containing methyl 
alcohol each gave a series of practically identical values from the 
beginning, and this .was also the case with both sets of solutions at 
45°. It is evident that, at the temperatures under consideration, 
the new equilibrium between the various molecular species in 
solution is attained much more rapidly than at 0° or 20°. The 
equilibrium values of the formaldehyde vapour pressures for form¬ 
aldehyde solutions free from methyl alcohol, at 35°, are in Table I, 
and the corresponding values for solutions containing methyl 
alcohol {CH 4 0/CH 2 0 = 0*13) in Table II. (In Tables I— V, g = 
grams of formaldehyde in 100 e.c. of formalin solution, m t = mg. 
of formaldehyde vapour in 1 litre of issuing air at t°, and p = partial 
pressure of formaldehyde vapour in mm. of Hg.J. Curves A and B 
in Fig. 1 represent the relationship between concentration of 
solution and partial pressure at 35° for pure solutions and for 
solutions containing methyl alcohol, respectively. 

■ Table.I. . 


£ 1*09 5*15 11*8 18-6 20-8 31-0 39*5 

......... 0*27 M3 2*06 2-87 3*17 4*27 4*58 

p .......... 0*166 0*695 1*29 1*80 1*94 2*48 2*81 

■ 4 * Table II. _ \ 

5*24 13*05 23*7 38*3 

. 1*200 2*52 3*97 : 5*39 ' 

..... 0*735 , 1*56 ■ , 2*45 ,3*34.. 
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The data obtained from solutions at 45° are in Tables III and IV, 
and the curves showing variation of formaldehyde vapour pressure 
with solution concentration are plotted in Fig. 2. 


Table III. 


9 . 

. 10-8 

20*4 

28-75 

39-2 

. 

. 3*77 

6-17 

7-70 

9-12 


2-30 

3-79 

4-72 

5-60 


Table IV. 




g (CH 4 0/CHjO = 0-13) .... 

. 9-76 

19-15 

27-0 

37-1 

™45° . 

. 3-88 

6-62 

8-62 

10*9 

P .. 

. 2-39 

4-07 

5-3 

6-68 



Fig. 2. 





A, methyl alcohol absent, B, CH 4 O/CH 2 Os=0-13. 

Variation with Temperature of the Partial Formaldehyde Vapour 
Pressures of Aqueous Formaldehyde Solutions . 

From data derived from the curves, drawn to represent the 
variation of partial formaldehyde vapour pressure with solution 
concentration at particular temperatures, viz., 0°, 20°, 35°, and 45°, 
the graphs of Fig. 3 have been plotted to illustrate the manner in 
which the partial pressures change with temperature. The latter 
curves are plotted for solutions containing, respectively, 5, 10, 20, 
30, and 40 g. of formaldehyde in 100 c.e. It is apparent that tfce 
differences between the partial pressures of the more concentrated 
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solutions at a given temperature are less marked than in the case 
of the weaker solutions. The data from molecular-weight deter¬ 
minations, the low values of the partial formaldehyde vapour 
pressures at the temperatures under consideration, and the gradually 
diminishin g dpjdg of the vapour pressure-concentration curves 
demonstrate the increasing preponderance of polymerides in formalin 
solutions with increasing concentration. The relatively high 


Fig. 3. 
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fckms explains the particular characteristic of the curves referred 


0®g p) m 

perature 



against the reciprocals of the absolute tem- 
for solutions of given strengths, a series of almost 
lines is obtained. In Mg. 4, the curves indicate 
between log 10 p and 1/T for solutions 
contents of 10, 20, 30, and 40 g. per 100 c.c.. 
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respectively. Thus the formaldehyde partial vapour pressure of 
any aqueous formaldehyde solution up to a 40% concentration 
can be expressed, for the temperatures under consideration, by a 
simplified form of Ranki n e’s equation (Edinburgh New Phil . J 
July, 1849) connecting vapour pressure and temperature : 
log 10 V = a — 

where a 10 o /o == 947, a 20 o /o = 9*70, a 30 o /o = 9*81, x m , = 9*87, (approx.) 
and p (for all solutions up to 40%) = 2905 (approx.). 

A straight-line relationship is somewhat deviated from when 
log 10 P f° r any given solution strength is plotted against T. The 
formula log y = a + pT 7 -f yT % +__ which Perman (J., 1903, 

Fig. 4. 

0*00370 

0-00360 

0-00350 
§. 0-00340 

0-00330 

0*00320 

'M 

0-00310 

— 1-0 0-8 0-6 0-4 0-2 0 0-2 0-4 0-6-f 

Log 10 p. 

88, 1168) successfully applied to aqueous solutions of ammonia, 
was found to be inapplicable to aqueous solutions of formaldehyde. 

Methyl-alcoholic Solution of Formaldehyde .—Prior to the determin¬ 
ation of the partial formaldehyde vapour pressure at 20° of a 
methyl-alcoholic solution (15*9 g. CH 2 0 per 100 c.c.), blank determin¬ 
ations were carried out on a sample of the methyl alcohol employed, 
since, although this alcohol was the purest obtainable, it was not 
quite free from acetone (less than 0*10%). At 20°, the blank 
values were equivalent to about 0*1 mm. of formaldehyde, estima¬ 
tions being carried out iodometrically. Further vapour-press^e 
determinations have been carried out at 20° and 0° on formaldehydf 
in methyl alcohol-water solution, the alcohol being presen^^ % 
preponderating amount. This latter solution was obtained 
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diluting with water the original 15% methyl-alcoholic solution in 
order to obtain a liquor containing 10 g. of free formaldehyde per 
100 c.c. Blanks were performed at 20° and 0° on a mixture of 
methyl alcohol and water, in which the proportions of the two 
components were the same as in the formaldehyde solution examined. 
The data obtained are in Table V : solution A contained 15*97 g. 
of free formaldehyde (equivalent of 5*0% formaldehyde as methylal) 
in 100 c.c. of methyl-alcoholic solution; solution B contained 10 g. 
of free formaldehyde, 59 g. of methyl alcohol, and 26*7 g. of water 
in 100 c.c. 

Table V. 


Solution. t. m t <*. p. 

A .. 20° 3*68 2*27 

B. ..... 20 1*93 1-16 

B . 0 0*390 0*234 


It will be seen that at 20° the partial formaldehyde vapour 
pressure of an approximately 15% solution of formaldehyde in 
methyl alcohol is almost -five times the value of that foT an aqueous 
solution of corresponding strength. For a solution containing 
about 60% of methyl alcohol there is an approximately threefold 
increase at both 20° and 0° over an aqueous solution containing a 
corresponding amount of formaldehyde (10 g. per 100 c.c.). In 
all cases, practically constant vapour pressure values were obtained 
from the outset. 

Since methylal vapour, carried forward from the methyl-alcoholic 
solution to the absorption worms, does not affect the iodometric 
estimation of the formaldehyde fixed by the water (Bergstrom, 
J. Amer, Ohem . Soc 1923, 45, 2150), the figure obtained represents 
the partial vapour pressure of uncombined formaldehyde in methyl- 
alcoholic solution. 


If it be assumed that the methylal (which is present to the extent 
of the equivalent of 5 g. of formaldehyde per 100 c.c. of 15% methyl- 
alcoholic solution) does not exert a very pronounced influence, in 
its solvent capacity, on the partial vapour pressure of the free 


formaldehyde in solution, then it is found that the application of 
^ mixture rule to a 15% aqueous solution, in which 

= 0*13, by no means accounts for the enhanced value 
, about by the addition of the alcohol to the original 

WbsS forshalm*^i.e.ifrom 049to 0*59mm. Hg. 

It has fe^ pointed out that the removal of methyl alcohol from 
coinmercial hEnmaafin (40% by vol.) increases the tendency of para¬ 
formaldehyde^ to ^parate from solution. Experiments have shown, 
that paraformaldehyde is more readily soluble in water 
thanhi methyl alcohol; thus the precipitation of paraformaldehyde 
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from formalin, which has been freed from methyl alcohol, cannot be 
attributed to the removal of a constituent having a greater solvent 
capacity for formaldehyde. It therefore appears that the presence 
of methyl alcohol in aqueous formaldehyde solutions must bring 
about an alteration of the equilibrium between simple and complex 
molecules in such a way as to enhance considerably the concentra¬ 
tion of mono-molecular formaldehyde. The consequent decrease 
in the concentration of the polymerides naturally decreases their 
liability to precipitation as paraformaldehyde. Such an effect 
on the above-mentioned equilibrium serves to explain why methyl 
alcohol, present in small amount in an aqueous formaldehyde 
solution, increases the partial formaldehyde vapour pressure to an 
extent beyond that anticipated from the application of the simple 
mixture rule. It is here assumed, as hitherto, that the formaldehyde 
vapour pressure is almost entirely dependent on the concentration 
of the simple molecular form of the aldehyde. 

Summary. 

The partial formaldehyde vapour pressures of aqueous solutions 
of formaldehyde, free from methyl alcohol, have been determined by 
the dynamic method at 35° and 45°. Corresponding determinations, 
carried out on solutions of formaldehyde containing smaE amounts 
of methyl alcohol (CH 4 0/CH 2 0 = 0-13), have shown that the 
influence of the alcohol in enhancing the vapour pressures is similar 
to that noted at 20°. The effect of increased temperature in bringing 
about a more rapid adjustment of equilibrium conditions has also 
been shown. 

From the vapour pressure values a relationship connecting 
functions of the vapour pressure and the temperature has been 
derived. 

The partial formaldehyde vapour pressure of a methyl-alcoholic 
solution of formaldehyde has been determined, and the influence 
of methyl alcohol on the formaldehyde vapour pressures of aqueous 
formaldehyde solutions considered. 

The authors desire to express their thanks to the Department 
of Scientific and Industrial Research and to the Admiralty for 
permission to publish these results. 

Royal Naval Cordite Factory, 

Holton Heath. [Received, September 15th, 1925.} )■ 
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CCCXCII .—Transformations of the Sugar Nitrates . 

By John Walter Hyde Oldham. 

Although the nitrates of the sugar group are, as a rule, definitely 
crystalline and easily adaptable to synthetical operations, little use 
seems to have been made of them since they were studied by Will 
and Lenze (Ber., 1898, 31, 68) and Koenigs and Knorr (Ber., 1901, 
34, 957). 

When 2:3:5-trimethyl glucosan, dissolved in chloroform, is 
acted on by fuming nitric acid under the conditions described in the 
experimental part, trimethyl glucose dinitrate is obtained. The 
result is striking, particularly as the action of the same reagent on 
1: 6-diacetyl 2:3: 5-trimethyl glucose yielded a syrup which failed 
to crystallise. Trimethyl glucose dinitrate has no action on 
Fehling’s solution, either before or after acid hydrolysis. The 
nitrate group in position 1 can be replaced by methoxyl by boiling 
with methyl alcohol in presence of barium carbonate, the reaction 
yielding trimethyl methylglucoside 6- mononitrate . This mononitrate 
is converted on hydrolysis into the same trimethyl methylglucoside 
as is obtained from trimethyl glucosan, and the nitrate group was 
definitely allocated to the 6 position by the fact that, on treatment 
with sodium iodide, the same trimethyl methylglucoside iodohydrin 
was readily produced as that already obtained from Fischer’s 
acetodibromoglueose (Irvine and Oldham, this vol., p. 2729). This 
sequence of changes indicates that the nitrate group possesses 
considerable reactivity, yet the compound was recovered unchanged 
(as was also methylglucoside 6-mononitrate) when heated with 
alcoholic ammonia, as described by Wallach {Ber., 1881,14, 422). 

In the parallel case of triacetyl glucosan, the action of fuming 
nitric acid was more complex and a yellow syrup showing a high 
nitrogen content was invariably produced, together with triacetyl 
glucose 1:6 -dinitrate, which was isolated in fair yield. The com¬ 
pound had likewise no action on Fehling’s solution before or after 
acid hydrolysis, but was readily converted into derivatives of 
• On boiling in glacial acetic acid solution with 

sodium acetate, it was converted into tdra-aceiyl glucose 6-morn - 
nitrate ; and this on hydrolysis yielded a tetra-acetyl glucose, isomeric 
with that already obtained by Fischer, in that the sixth hydroxyl 
group in o# tfee firah is unsubstituted. Further, although 

triacetyl glucose dinitrate reacted with methyl alcohol only with 
great dhlfenlty, yueids of 50—60% of the corresponding triacetyl 
r weifoyl&faicoside 6-9 nononitrate were obtained. This compound was 
converted into triacetyl methylglucoside on hydrolysis and into 
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triacetyl methylglucoside 6-iodohydrin on treatment with sodium 
iodide in acetone in the manner described by Irvine and Oldham 
(Iqc. cit.). 

Methylglucoside 6-mononitrate obtained by the action of ammonia 
on the corresponding acetyl derivative could not be isolated, as it 
could not be separated from acetamide. By the action of dimethyl- 
amine and removal of the acetodimethylamide, however, the mono¬ 
nitrate of the parent glucoside was isolated as a syrup which failed 
to crystallise. By means of the silver oxide reaction, this compound 
was converted into the trimethyl methylglucoside 6-mononitrate 
already described, thus establishing the constitution of the complete 
series of new derivatives. Triacetyl methylglucoside 6-iodohydrin, 
on treatment with dimethylamine in the manner already described, 
gave a somewhat poor yield of methylglucoside 6-iodohydrin . Finally, 
incidental evidence was obtained, in the course of large-scale pre¬ 
parations of triacetyl methylglucoside 6-mononitrate, that degrad¬ 
ation to the pentose series had taken place to a limited extent. 

Synthetical and constitutional studies based on the method of 
nitrate formation now communicated are in progress. • 

Experimental. 

2:3: 5-Trimethyl Glucose 1 : 6-Dinitrate—A solution of trimethyl 
glucosan (5 g.) in a mixture of 60 c.c. of fuming nitric acid and 40 e.c. 
of chloroform containing a few grams of phosphorus pentoxide 
was kept for 19 hours at the ordinary temperature. The specific 
rotation increased from —64° to + 140*7°, calculated on the change 
in concentration due to the addition of two nitrate groups. The 
mixture was poured slowly with constant stirring into ice, the lower 
layer separated, washed once with ice-cold water, and taken to 
dryness below 60° in a vacuum. The dinitrate crystallised from 
absolute alcohol in colourless needles, m. p, 86° (Found: OMe, 
30*3; N, 9*1. CaH^O^a requires OMe, 29*8; N, 9*0). The 
compound is sparingly soluble in alcohol, insoluble in water or light 
petroleum, and soluble in other solvents. [a] D + 149*3° in chloroform 
(c, 2*3193), +151*7° in acetone (c, 1*463), + 144*8° in methyl 
alcohol (e, 1*508), and + 147*2° in a mixture of 60% of fuming nitric 
acid and 40% of chloroform by volume (c, 2*915). 

Trimeihyl Methylglucoside 6-Mononitraie. —The dinitrate was 
boiled in 5% solution in methyl alcohol for J hour in presence of 
barium carbonate. The product, isolated in the usual manner 
(yield 90%), was drained on a tile and reerystallised from light 
petroleum ; it then melted at 53—54°, %, of the superfused slS^ 
stance = 1*4565 (Found : C, 42*7; H, 6*7; OMe, 44*1; 
OioH^OgN requires C, 42*7; H, 6*8; OMe, 44-1; N, 5*0%^: fte 
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mononitrate is insoluble in water, but soluble in all other solvents. 
[«]d — 5*2° in chloroform (c, 2*0653), — 4*4° in acetone (c, 3*5845), 
and — 1'3° in methyl alcohol ( c , 3*3413). 

Conversion of Trimethyl Methylglucoside 6 -Mononitrate into 
Trimethyl Methylglucoside .—The compound was hydrolysed by 
boiling with iron dust in glacial acetic acid, in not more than 5% 
concentration, until a few drops of the liquid gave no trace of blue 
colour on standing for some time with a strong solution of diphenyl- 
amine in concentrated sulphuric acid. (This reaction is given by all 
these compounds, and constitutes an extremely delicate test for the 
presence of a nitrate group.) The solution was then filtered, the 
residue washed with glacial acetic acid, and the filtrate poured into 
water containing a fair quantity of dissolved sodium acetate, the 
object of which was to suppress the hydrogen chloride set free by the 
chloroform with which the solution was repeatedly extracted. The 
trimethyl methylglucoside thus removed, on recrystallisation from 
light petroleum, showed the correct melting point and mixed melting 
point. The yield was good. 

Conversion into the Corresponding 1odohydrin .—On treating the 
mononitrate with sodium iodide in the maimer already described 
(Irvine and Oldham, this vol., p. 2729), a good yield of crystals was 
obtained, m. p. 31—33°, which showed no depression on mixing with 
a sample of the authentic iodohydrin. 

Preparation of Triacetyl Glucose l: 6-Dinitrate .—The best con¬ 
ditions as yet found are the following : Triacetyl glucosan (5 g.) was 
dissolved in a mixture of 30% of chloroform with 70% of redistilled 
nitric acid * by volume, solid nitrogen penioxide (10 g.) added, and 
the whole made up to 100 c.c. with chloroform and kept at the 
ordinary temperature for about 110 hours. The specific rotation 
of the solution was then about + 138°. Sometimes the liquid 
separates into two layers; should these not disappear towards the 
end of the reaction, the system can be made homogeneous by the 
addition of a small measured amount of fu min g nitric acid. The 
product was isolated in the manner described for the corresponding 
methylated derivative and Washed with cold absolute alcohol (yield 
^bout 65%). On recrystallisation from hot absolute alcohol, this 
yield was dimini s hed by nearly half and the product melted at 
132—133°. The substance is insoluble in water, light petroleum, or 
cold ethyl alcohol, sparingly soluble in ether or cold methyl alcohol, 

*, -Sxt'/#I s|b . tbs. “ fuming nitric acid. ” refers to the product 

obtained by distilling ordinary concentrated nitric acid over its own volume 
of concentrated sulphuric acid. “ Redistilled nitric acid ” refers to a product, 
d t*54 obtained by distilling “ fuming nitric acid ” over twice its volume 
of feoimmfepsted Sulphuric acid. 
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and soluble in other solvents. The rotation of the pure compound in 
a mixture of fuming nitric acid and chloroform si m ilar to that used 
in the preparation was [a] D + 144*2° for c = 5*0. The substance has 
not been analysed, as it is difficult to obtain a perfectly pure specimen, 
but in view of the derivatives into which it can be transformed there 
can be little doubt that it consists of triacetyl glucose 1: 6-dinitrate. 

Tetra-acetyl Glucose 6- Mononitrate .—The dinit rate was boiled for 
1—1| hours with a mixture of acetic acid, acetic anhydride, and 
sodium acetate. If the d ini trate was pure, scarcely any colour was 
developed; but if not, the solution coloured deeply. In the former 
case, the reaction was practically quantitative, as was shown by the 
specific rotation falling from + 144° to + 23*3°, the corresponding 
value of the pure substance in acetic acid being + 23*2°. The 
product was poured into water, when about 80% of it separated 
almost immediately in a crystalline condition; the remainder, 
however, sometimes took several days to separate. The product 
after recrystallisation from absolute alcohol melted at 142—143°, 
reduced Fehling’s solution strongly on boiling, was insoluble in 
water or light petroleum, sparingly soluble in ether or alcohol, and 
soluble in other solvents (Found: C, 42*55; H, 5*0; N, 3-65. 
C 14 H 19 0 12 N requires C, 42*7; H, 4*8; N, 3*6%). [a]j> -f 23*2° in 
glacial acetic acid (c, 2*494) and + 27*2° in chloroform (c, 2*038). 

Tetra-acetyl Glucose. —The 6-mononitrate was hydrolysed with 
iron dust in glacial acetic acid exactly as described in the case of the 
corresponding methylated compound. Tetra-acetyl glucose crystal¬ 
lised from ether in colourless needles, m. p. 126*5—127*5°, [a] D 
+ 9*8° in chloroform (c, 0*816) (Found: C 2 H 4 0 2 , after allowance 
for the alkali used by the reducing sugar, 68*7.: Calc., C 2 H 4 0 2 , 
68*9%). The substance is insoluble in cold water or light petroleum, 
sparingly soluble in ether, soluble in hot water and in organic 
solvents generally. 

The above reaction is rather uncertain, as sometimes the product 
failed to crystallise. 

Triacetyl Methylglucoside 6-Mononitrate .—Triacetyl glucose di- 
nitrate, unlike both acetonitroglucose and the corresponding 
methylated derivative, reacted only with great difficulty with methyl 
alcohol in presence of barium carbonate, even when a small quantity 
of pyridine was added as recommended by Koenigs and Knorr 
(loc. cit.). On boiling the mixture for 24 hours, the specific rotation 
of the solution became constant at + 5-0°. The solution was 
filtered, and the solid well washed with chloroform. The washings 
were used to dissolve the residue left on evaporation of the methyi- 
alcoholic filtrate, in order to purify it from traces of barium nitra^ 
After removal of the chloroform, the red residue, cr^tallised twice 
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from absolute alcohol, melted at 133*5—134*5° (yield 50—00%), 
and was insoluble in water or light petroleum, sparingly soluble in 
ether or cold ethyl or methyl alcohol, and soluble in other solvents 
(Found: C, 42*8; H, 5*35; N, 3*8; OMe, 8*6; CH 3 *C0 2 H, 66*0. 
Ci 3 H 19 O u N requires C, 42*7; H, 5*2; N, 3*8; OMe, 8*5; CH 3 *C0 2 H, 
65*7%). [oc] D — 14*3° in chloroform (c, 5*964) and — 14*1° in acetone 
(c, 2*6913). If the substance is boiled with methyl-alcoholic sodium 
methoxide, the specific rotation falls to — 115°, allowance being 
made for the change in concentration due to loss of acyl groups, 
which corresponds to the formation of about 80% of Fischer’s 
anhydro-methylglucoside. 

Triacetyl Metkylglucoside. —On hydrolysing the nitrate with iron 
dust in glacial acetic acid in the manner already described, triacetyl 
metkylglucoside was obtained, in good yield, in colourless crystals, 
melting after recrystallisation from ether at 134—134*5°; [a] D 
in chloroform = — 19*1° for c = 1*514 (Found: OMe, 9*5; 
CHg’COgH, 54*6. C 13 H 20 O 9 requires OMe, 9*6; CH 3 *C0 2 H, 56*2%). 
The compound is insoluble in cold water or light petroleum, but 
soluble in other solvents including hot water. 

Metkylglucoside 6- Mononitrate .—Triacetyl methylglucoside 6- 
mononitrate was treated with a 5% methyl-alcoholic solution of 
dimethylamine, and the acetodimethylamide produced was distilled 
off in a vacuum at 100°; the residual syrup failed to crystallise 
(Found: N, 5*9; HNO s , 25*7. CfH^OgN requires BT, 5*85; BQST0 3 , 
26*3%). A specimen of the substance was twice methylated by the 
silver oxide reaction ; the product crystallised on nucleation with tri¬ 
methyl methylglucoside 6-mononitrate obtained as described above. 
After draining on a tile and recrystallisation from light petroleum, 
the compound showed the correct melting point and mixed melting 
point, thus proving the constitution of this series of substances. 

Triacetyl Metkylglucoside %-Iodohydrin. —For the sake of compari¬ 
son, triacetyl methylglucoside 6-mononitrate was treated with 
sodium iodide in acetone in the manner already described. The 
product, after recrystallisation from aqueous alcohol, consisted of 
colourless needles, m. p. 111—112*5°, which were insoluble in water 
or light petroleum but soluble in other solvents. The yield was 
poor [Found: OMe, 7*4; I, 28-0; CB^CQgH (I 'being calculated 
as GS^COJBl), 56*4. C^H^Qgl requires OMe, 7*2; I, 29*5; 
CHg-OOgH, 55*8%). The specific rotation in chloroform was 

Me^yl^ucoside Q-Iodohydrin. —On treatment with dimethyl- 
amine M the manner already described, the preceding triacetyl 

into the parent glucoside in bad yield. 
The product, which consisted when pure of colourless crystals, but 
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was usually slightly pink, melted at 157—158°, was insoluble in 
ether or light petroleum, very sparingly soluble in chloroform, 
slightly more soluble in acetone, and soluble in other solvents. The 
best recrystallising medium was a mixture of chloroform and ethyl 
acetate (Found: OMe, 10*3; I, 41-7. C 7 H 13 0 5 I requires OMe, 
10*1; I, 41*7%). [a] D in chloroform = —- 16*1° for c = 1*677. 

Acetonitropentose .—On tailing to dryness the mother-liquors from 
the recrystallisation of triacetyl methylglucqside 6-mononitrate, 
boiling for i hour with acetic anhydride and sodium acetate, and 
pouring into water, a precipitate was obtained which, after very 
many recrystallisations from absolute alcohol, melted at 168—169°". 
The compound did not reduce Fehling’s solution, and was at first 
thought to be the a-form of triacetyl methylglucoside 6-mononitrate. 
It contained no methoxyl, however, and the analytical figures are 
in close agreement with those required for a triacetyl pentose 
mononitrate (Found: C, 41*2; H, 4*7; 1ST, 4*2. C 11 H 15 O 10 N 
requires C, 41-1; H, 4-7; N, 4*4%). The substance had the same 
solubilities as triacetyl glucose dinitrate, and showed specific 
rotation in chloroform = + 92*0° for c = 1*214. 

The author wishes to express his indebtedness to the Carnegie 
Trust, and also to Principal Sir James C. Irvine for much valuable 
advice and for the kindly interest he has always shown in the work. 

United College of St. Salvator and St. Leonard, 

University of St. Andrews. [Received, October 2 6th, 1925.] 


CCCXCIII .—Lead Dihydride and Lead Tetrahydride . 

By Edwakd Joseph Weeks. 

Solid hydrides of arsenic (Chem. News, 1924, 129, 31), antimony 
(this vol., p, 1069), and bismuth (ibid., p. 1799) having been pre¬ 
pared, the existence of a solid lead hydride was investigated. To 
a solution of alkali plumbite made from lead acetate and caustic 
soda or potash, pure aluminium foil was added. The grey deposit 
obtained was washed many times with caustic potash solution and 
finally with water until the washings were neutral. It was filtered 
off, and dried in a vacuum desiccator over sulphuric acid for 3—5 
days, both operations being performed in an atmosphere of hydrogen. 
The action follows the equation 2KHPbO a +2AI=2KA10 2 + Pb 2 H 2 . 
The deposit contained lead and hydrogen only, and on heating in a 
vacuum gave off hydrogen and left metallic lead. Details of the 
method of analysis have already been given for bismuth (toe. e&.). 
0*3253 G. gave 20 c.c. of H 2 measured at N.T.P* arid 0*3243 g. of 

5d2 : WhM 
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Pb. H, 0-5; Pb, 99*1%. 0*1504 G. gave 10 c.c. of H 2 at N.T.P. 
and 0*1422 g. of Pb. H, 0*6; Pb, 99*5%. On combustion, 1*9550 g. 
gave 0*0662 g. of H 2 0. H, 0*5% (Pb 2 H 2 requires Pb, 99*5; H, 
0*5%). 

Lead dihydride heated in a tube in the absence of air gave lead 
and hydrogen only. No trace of PbH 4 appeared to be formed, as 
no lead deposit could be obtained on heating the issuing gas. The 
dihydride oxidises rapidly in the air and therefore must be kept in an 
inert gas. Fused potassium nitrate reacted vigorously with it 
(as with As 2 H 2 ; Sb 2 H 2 ; Bi 2 H 2 ), but only slowly oxidised finely 
divided lead. 

To obtain the tetrahydride, first prepared by Paneth, the dihydride 
was heated in a silica tube in an atmosphere of pure hydrogen, and 
the issuing gas was passed through a heated tube; a deposit of lead 
was then obtained. With hydrogen alone, no deposit was formed 
and hence it is concluded that the reduction of Pb 2 H 2 follows the 
equation Pb 2 H 2 + 3H 2 = 2PbH 4 . 

Battersea Grammar School, 

London, S.W. 11. [Received, Noveniber 2nd , 1925.] 


OGCXCIV .—Complex Formation in Lead Nitrate Solu¬ 
tions. Part JJ, The Quaternary System Potassium 
Nitrate-Lead Nitrate-Barium Nitrate-Water. 

By Samuel Glasstoke and Ernest J. Biggs. 


The primary object of the present work was to investigate the 
quaternary system lead nitrate-barium nitrate-potassium nitrate- 
water at 25° and at 50°, and hence it was required to have a knowledge 
of the three ternary systems KN0 3 ~Pb(N0 s ) 2 -H 2 0, KN0 3 ~ 
Ba(N0 3 ) 2 -H 2 0 and Pb(N0 3 ) 2 -Ba(N0 s ) 2 -H 2 0, at the same temper¬ 
atures, The first of these three systems has been investigated by 
Gladstone and Saunders (J., 1923, 123, 2134) at 25° and 50°; the 
seoond has been examined at 9*1°, 21-1° and 35° by Findlay, Morgan, 
SSkncxis 1914,105, 779) and to a limited extent at 25° by 
Foote (Amer, Chem. J., 1904, 32, 251); the 25°-isothermal for the 
third system was investigated by Fock {Z, Kryst 1897, 28, 337), 
Before tlh quaternary system was examined, therefore, Foote’s 
xneasuremerfe cn the ternary system KN 0 3 -Ba(N 0 3 ) 2 -H 20 at 
25°wesce extended and, the 50°-isotherm was determined completely; 
Fd«ck 5 s wockat 25° was reputed because this author did not use the 
^ ^ method fear ^ the <kuxt- 


pomtion of the solid phase, and the 50°-isotherm for the system 
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Pb(JSr03) a -Ba(N0 3 ) 2 ~H20 was also determined. Finally, tlie 
quaternary system Pb(N0 3 ) 2 -Ba(N0 3 ) 2 -E3r0 3 -H 2 0 was investi¬ 
gated as completely as possible at 25° and 50°. It was hoped to 
obtain through this investigation further evidence for the existence 
of a double or complex salt of lead nitrate and potassium nitrate, 
the presence of which has already been suspected in solutions con¬ 
taining these two salts (see Glasstone and Saunders, loc . cit.). Lead 
and barium nitrates have an almost identical crystal structure 
(Vegard, Z. Physik, 1922, 9, 395) and separate from solutions con¬ 
taining both salts as a continuous series of mixed crystals; further, 
potassium and barium nitrates form a double salt, 2KN0 3 ,Ba(N0 3 ) 2 
(Foote, loc . cit.), and consequently it was thought possible that when 
this double salt separated from a solution cont aining lead, barium, 
and potassium nitrates there might be a tendency for a potassium 
nitrate—lead nitrate double salt with a similar structure, which has 
no stable existence at the ordinary temperature, to separate with it 
as a mixed crystal. This idea was based on the well-known existence 
of CuS 0 4 ,7H 2 0 in the form of a mixed crystal with FeS0 4 ,7B] 2 0, 
and the recent preparation by Bichards and Meldrum (J. Amer. 
Chem. Soc 1921, 43, 1543) of Na 2 S0 4 ,4B^0, which does not exist 
by itself, as a mixed crystal with JSTa 2 Ch0 4 ,4H 2 0. The results of the 
present work indicate that lead nitrate can exist in some form which 
is isomorphous with either potassium nitrate or with the potassium- 
barium double nitrate; the most probable form is as the double 
salt 2]£N0 3 ,Pb(hr0 3 ) 2 , which has no stable existence at the ordinary 
temperature but might separate as a mixed crystal with 
2KN0 3 ,Ba(N0 3 ) 2 . 

Experimental. 

General Procedure. —In the case of the second of the ternary 
systems mentioned above, the procedure was the same as that 
followed in the first part of this work (Glasstone and Saunders, he. 
cit.); for the third ternary system and the quaternary system, 
however, owing to the deposition of mixed crystals, it was essential 
that very little of the solid phase should separate, and consequently 
the mixed solids were made to dissolve in water at a temperature 
just above that at which the isotherm was being determined and the 
solution was stirred in a thermostat until sufficient solid for analysis 
had separated as the result of evaporation. 

Method of Analysis .—The amounts of water in the saturated 
solutions and wet solids were determined by drying known weights 
first on the water-bath, then in an air-oven at 110°, and finally at 
ISO 6 . The dry solid was then dissolved in water, 
known volume, and an aliquot portion taken for analysis. If the 
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solution contained only potassium and barium nitrates, the barium 
was precipitated directly as sulphate with sulphuric acid, and the 
barium sulphate was washed, dried, and weighed. When the solu¬ 
tion for analysis contained lead and barium nitrates only, hydrogen 
sulphide was passed into the warmed solution until all the lead was 
precipitated; the precipitate of lead sulphide was filtered off, 
washed with a solution of hydrogen sulphide, and the barium in the 
filtrate estimated as sulphate. The amount of lead was usually 


Fig. 1. 
H s O 



KHO, Ba(NO,) 8 


found by difference, but in several cases the sulphide was dissolved 
in hot dilute nitric acid and the lead estimated as sulphate by the 
method described in Treadwell’s <£ Quantitative Analysis ” (1919, 
p. 174). When the solution to be analysed contained all three 
• lead...'and, the barium were determined by the 

methods described above, and the potassium was obtained by 
analytical method was tested beforehand on 
^ mixte^ of known weights of the various nitrates and found to be 
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Results .—These are all given as percentages. 


KN0 8 -Ba(N0 3 ) 2 -H 2 0 at 25°. 



Solution. 



Best. 



KNCV 

Ba(NO s ) 2 . 

H 2 0. 

KNOj. 

Ba(NO s ) 2 . 

~H^b. 

Solid phase. 

27*39 

0*00 

72*61 

_ 

_ 

_ 

kno 3 

27*67 

2*44 

69*89 

78*65 

4*84 

16*51 

KNO a + D.S. 

17*14 

4*88 

77*98 

39*31 

49*67 

11*02 

D.S. 

*14-8 

6*6 

78*6 

— 

— 

— 

D.S. + Ba(N0 3 ) 3 

9*13 

6*57 

84*30 

1*18 

92*26 

6*56 

Ba(N0 3 ) 2 

3*80 

7*72 

88*48 

1*05 

91*18 

7*77 

79 

0-00 

9*28 

90*72 

— 

— 

—' 

>9 


D.S. 

refers to the double salt 2KN0 3 ,Ba(N0 3 ) 2 . 



* Taken from Foote, loc. cit. 



kno 3 - 

-Ba(N0 3 ) 2 -H 2 0 at 50°. 



Solution. 



Best. 



kno 3 . 

Ba(N0 3 ) 2 . 

h 2 o. 

kno 3 . 

Ba(N0 3 ) 2 . 

h 2 o. 

Solid phase. 

45*45 

2*34 

52*21 

87*05 

0*65 

12*30 

kno 3 

44*88 

4*22 

50*90 

84*20 

1*25 

14*55 

>» 

44*66 

5*11 

50*23 

74*36 

3*87 

21*77 

KNO a + D.S. 

40*31 

5*64 

54*05 

42*78 

50*55 

6*67 

D.S. 

35*75 

6*99 

57*26 

42*38 

46*05 

11*57 

99 

30*08 

10*16 

59*76 

41-56 

50*93 

7*51 

99 

28*86 

10*81 

60*33 

2*18 

92*55 

5*27 

D.S. + Ba(NOa), 

24*14 

10*43 

65*43 

0*02 

95*39 

4*59 

Ba(NO a )a 

18*76 

10*14 

71*10 

2*28 

93*48 

4*24 

99 

10*53 

10*92 

78*55 

1*33 

96*39 

3*28 

99' 

3*93 

12*73 

83*34 

1*07 

95*85 

3*08 

79 

0*00 

14*63 

85*37 

— 

— 

—*. 

99 

The results obtained for this system are represented in Fig. 1. 


Ph(N0 3 ) 2 -Ba(N0 3 ) 2 -H 2 0 at 25°. 



Solution. 



Best. 


Solid phase. 

Pb(NO») a . 

Ba0ST0 8 )». 

H^O. 

Pb(tfO,) a . 

Ba(NO,)». 

E^O. 


BaCNTO*)*. 

34*60 

1*39 

64*01 

81*83 

11*26 

6*91 

87*54 

12*46 

31*13 

2*65 

66*22 

66*90 

18*90 

14*20 

76*56 

23*44 

22*73 

4*23 

73*04 

38*08 

56*67 

5*25 

39*27 

60*73 

16*21 

5*29 

78*50 

— 

. — 

— 

■— 

— 

8*96 

6*66 

84*38 

15*06 

80*02 

4*92 

15*44 

84*56 

6*26 

7*31 

86*43 

10*15 

84*28 

5*57 

10*42 

89*58 

1*63 

8*64 

89*73 

3*44 

89*54 

7*02 

3*59 

96*41 



Pb(N0 3 ) 2 -Ba(N0 3 ) 2 -H 2 0 

at 50°. 




Solution. 



Best, 


Solid phase. 

Pb(Wo,V 

Ba(NO*) s 

H a o. 

Pb(N0,) s . 

^b5no,) 2 . 

~B*0. 

imoth. 

Ba(NO # ),, 

40*82 

2*57 

56*61 

77*06 

9*54 

13*40 

88*31 

11*69 

37*78 

3*83 

58*39 

63*40 

26-10 

10*50 

69*02 

30*98 

29*31 

6*32 

64*37 

40*31 

; 55-14 

4*55 

41*25 

58*75 

17*05 

9*12 

73*83 

; — 1 

' — ■ 

-—’ 

—- ; ■ 

"■ —' v . 

10*34 

11*05 

78*61 

8*92 

83*87 

7*21 

8*78 


5*72 

12*68 

81*60 

6*60 

87*70 

5*70 

6*67 

mm? 
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The results obtained for this system axe represented in the usual 
manner in Fig. 2. In the columns headed “ solid phase ” are given 


Fig. 2. 
H a O 



% FbfNOsJg m Pb(N0 8 ) a -f Ba(N0 8 ) 2 in solutions. 

Cir&es represent points from the ternary system; squares , points from 
the quaternary system. 


;,^gpapo^oi^vof : 'ttie mixed crystals, whiehsepaxate from the 
mima solutions, in the dry state; these results were obtained from 
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the analysis of the wet solid hy allowing for the amounts of salt 
present in the adherent mother-liquor. Kg. 3 gives the gram* 
percentage of lead nitrate in the mixed crystals against the gram* 
percentage of lead nitrate in the total salt dissolved in the solution 
from which the crystals separate at 25°, whilst Fig. 4 gives the 
corresponding curve at 50°. 

KJST0^Pb(N0 3 ) 2 --Ba(N0 3 ) 2 --H 2 0 at 25°. 

Solution. Dry solid. 


KNO,. 

Pb(NO,) a . 

Ba(NO,) a . 

H*0. 

KNO,. 

Pb(N0,),. 

Ba(NO,) a . Phases. 

15*26 

2*12 

6*05 

76*57 

43*23 

0*10 

56*67 

D.S.-f- M.C. 

17*39 

11*44 

3*40 

67*77 

41*98 

0*43 

57*59 

15*99 

13*82 

4*76 

65*43 

43*45 

0*80 

55*75 


16*01 

21*25 

4*33 

58*41 

43*51 

1-70 

54*79 


15*65 

26*59 

4*06 

53*70 

0*88 

31*36 

67*76 


17*87 

35*90 

2*46 

43*77 

23*10 

14*95 

61*95 


23*41 

37*68 

2*11 

36*80 

23*78 

38*10 

38*12 


25*75 

34*65 

1*16 

38*44 

69*45 

4*42 

26*13 

D.S.+ M.C.-f KNO, 

25*74 

32*63 

1*92 

39*71 

91*23 

1*36 

7*41 

D.S.-f- KNO* 

26*78 

23*26 

1*76 

48*20 

92*31 

0*61 

7*08 


27*23 

15*28 

2*32 

55*17 

96*06 

0*23 

3*71 

99 

27*69 

9*85 

1*87 

60*59 

92*13 

0*10 

7*77 

99 

27*74 

4*95 

1*92 

65*39 

63*28 

0-30 

36*42 

99 

25*22 

40*46 

0*72 

33*60 

45*44 

51*86 

2*70 

KNQ* + M.C. 

25*00 

39*84 

1*18 

33*98 

2*11 

28*02 

69*87 

99 

25*00 

38*00 

1*59 

35*41 

10*61 

76-19 

13*20 

99 

24*91 

37*48 

1*80 

35*81 

94-90 

1*31 

3*79 

99 


M.C. refers to Pb(N0 s ) 2 -Ba(N0 3 ) 2 mixed crystal. 


KN0 3 -Pb(]Sr0 3 ) 2 -Ba{N03) 2 -H 2 0 at 50°. 

Solution. Dry solid. 


KNO,. 

Pb(NO,),. 

Ba(N O,),. 

H,o. 

KNO,, 

Pb(NO,) a . 

Ba(NO,V 

Phases. 

27*40 

15*89 

8*11 

48-60 

1*04 

6*15 

92*81 

D.S.4- M.C. 

28*28 

27*00 

5*68 

39*04 

9-41 

11*94 

78*65 

99 

32*61 

38*93 

2*15 

26*31 

15-02 

47-42 

37*56 

99 

35*48 

33*62 

2*01 

28*89 

91*53 

1-02 

7*45 

D.S.-f- KNO* 

36*91 

29*22 

2*24 

31*63 

92-65 

0*00 

7*35 

99 

38*06 

24*98 

2*59 

34-37 

65-31 

1-62 

33*07 

99 

39*43 

19*96 

2*85 

37*76 

57-61 

0*94 

41*45 

99 

40*90 

14*64 

3*32 

41-14 

54-03 

0*65 

45*32 

99 

41*39 

13*01 

3*44 

42*16 

71-12 

0*44 

28*44 

99 

41*86 

10*35 

3*69 

44*10 

97-69 

0*19 

2*12 

.99 

33*25 

40*88 

1*02 

24*85 

53*25 

43*15 

3*60 

KNO, + M.C. 

33*41 

40*19 

1*51 

24*89 

34*54 

35*58 

29*88 

99 

32*64 

39*82 

2-40 

25*14 

46*76 

46*12 

7*12 

99 


The two isotherms in this quaternary system have been drawn 
from the above results by the method of Schreinemakers, as this 


was found to give the least confusing diagram, and axe represented 
in Fig. 5. The points A, B, and C represent the composition of 
ternary liquids which are in equilibrium with two solid phases-^ 
potassium nitrate and double salt, double salt and lead nitrate, and 
potassium and lead nitrates, respectively—whilst the points 

. 5d* ' 
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curves AD, BD, and CD give the composition of quaternary solutions 
in equilibrium with double salt and potassium nitrate, double salt 
and mixed crystal, and potassium nitrate and mixed crystal, re¬ 
spectively. The point D represents the composition of the quater¬ 
nary isothermal invariant solution. The composition of the dry 
solid given in the above tables was obtained by calculating, from the 
analysis of the solutions, the amounts of the three nitrates dissolved 
in the water which was present in the wet solid and deducting 

Fig. 5. 

BapST0 3 ) a 


-KNG* 


Pb(NO s ) a 

these from the total amounts found by the analysis of the dried 
residue.. ■ 

An examination of the results given above for the quaternary 
system shows that when the two solid phases in equilibrium with 
saturated solution should consist only of potassium nitrate and 
double salt 3 there is also present a small amount of lead salt; the 
as to rule out the possibility of experimental 

1 lauds'.water and grinding the residue at 30—35° with 
a solutkm, containing roughly 25% of potassium nitrate and 2% 
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of barium nitrate, which dissolves lead nitrate very readily. The 
solid was then filtered off and ground up with a fresh portion of the 
solution; this process was repeated several times, but even after 
ten treatments the solid residue still contained an appreciable 
quantity of lead salt. These results indicate that lead nitrate in 
some form is separating as a mixed crystal either with potassium 
nitrate or else with the double salt. The most probable explana¬ 
tion is, that the double salt 2KN0 3 ,Pb(N0 3 ) 2 , which has no stable 
existence alone under ordinary conditions, is separating out from 
solution as a mixed crystal with the barium double salt of si mil ar 
formula. Other explanations are, of course, possible, but they 
seem to be less probable. 

In order to obtain, if possible, further evidence for the existence 
of the double salt of lead and potassium nitrates, the results for the 
systems from which the potassium-barium double nitrate and mixed 
crystals of lead and barium nitrates separate were examined as 
follows. It was assumed as a first approximation that all the 
potassium nitrate in the solid phase was in the form of the double 
salt with barium nitrate, and so the amount of barium nitrate 
present as double salt was calculated; the residual barium nitrate 
was assumed to be present as mixed crystal with lead nitrate. In 
this way, the ratio of lead nitrate to barium nitrate in the mixed 
crystal was determined and compared with the ratio of these two 
salts in the quaternary solution. The results are given below. 

25 o PbfflOa), o/ 50 o **>(*<>»)» 0/ 

^ Pb(NO s ) 2 + Ba(N0 8 ) a A' 50 Pb(K0 3 ) 2 + Ba(NO s ) a A- 
Solution. Mixed crystal. Solution. Mixed crystal. 

94*69 82-49 94-75 72*35 

86*76 32*00 82-62 15-09 

77*07 12*78 66*20 6*32 

25-95 10*67 

These results have been plotted in Figs. 3 and 4 for 25° and 50° 
respectively for the purpose of comparison with the results for the 
ternary system. * It is seen that for a given ratio of lead nitrate to 
barium nitrate in the solution the mixed crystal separating from the 
ternary solution contains relatively more lead than does that 
separating from the quaternary system; if a lead-potassium nitrate 
double salt had been present, then the reverse would have been 
expected. It is possible, however, that the presence of potassium 
nitrate in the solution alters the ratio of lead to barium in the mixed 
crystal, and so no definite conclusions can be drawn from the results. 

Summary. ■ - 

(I) The ternary systems KN0 3 -Ba(N0 8 ) 2 -H 3 0 and Pb{N0 3 ?£- 
Ba(N0 a ) 2 -H 2 0 have been investigated at 25° and 50°. ; 

. 5d*2 
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(2) The quaternary system KN03-Ba(N0 3 ) 2 ~Pb(N03) 2 -H 2 0 has 
>een investigated at 25° and 50°. 

(3) There is shown to be some evidence for the existence of a 
Louble salt, 2K3sr0 3 ,Pb'(N0 3 ) 25 in the form of a mixed crystal with 
he double salt 23Df0 3} Ba(N0 3 ) 2 . 

University College, Exeter. [Received, November 3 rd, 1925.] 


3CCX0V .—The Behaviour of Glucose and Certain Other 
Carbohydrates towards Dyestuffs and towards 
Potassium Ferricyanide in an Alkaline Medium . 

By Edmund Knecht and Eva Hxbbert. 

Although we are well informed as to what changes take place 
n the dyestuff when indigo or some other dyestuff is reduced by 
glucose in presence of alkali, no attempts to elucidate the character 
>f the oxidation of the glucose have hitherto been recorded. Many 
attempts have, however, been made to ascertain the character of 
}he oxidation products formed by the action of Fehling’s solution 
rnd of cupric hydroxide in presence of caustic alkali as well as of 
:>ther inorganic oxidising agents in an alkaline medium, the results 
Df which indicate that the reactions are of a complicated character. 
The most complete researches on this subject are those of Gaud 
(Compt. rend 1894,119, 604), who employed Fehling’s solution as 
the oxidising agent and obtained formic, oxalic, tartronic, lactic, and 
glyceric acids, along with some catechol, and the elaborate work of 
Nef (Annalen, 1907, 357, 214) who, using copper sulphate and a 
slight excess of caustic soda, obtained hexonie, trihydroxybutyric, 
glyceric, glycollic, formic, and carbonic acids. By means of red 
mercuric oxide and barium hydroxide, Herzfeld (Annalen, 1888, 
245, 32) obtained gluconic acid as the main product. By using 
sodium hypoiodite as the oxidising agent, Romijn (Z. anal . Chem., 
1897, 36, 19) obtained this acid alone, and Willstatter and Schudel 
(Ben, 1918, 51, 780) showed that the reaction may serve for the 
estimation of glucose. 

The authors have shown (J. Soc. Dyers Col., 1925, 41, 94) that 
when glucose is boiled with excess of methylene-blue in presence of 
caustic soda, oxidation takes place very rapidly, and to a definite 
degree (three atoms of oxygen to one mol. of glucose). Further 
work in this direction has now been carried out. Methylene-blue 
was not entirely suitable for the purpose on account of its great 
liability to undergo decomposition by the action of : the alkali 
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(Bernthsen, Annalen, 1885, 230, 73), so potassium indigotintetra- 
sulphonate, which reacts in the same way as methylene-blue, is 
much more stable towards alkalis, and can be estimated volu- 
metrically with rapidity and accuracy, was used for most of the 
oxidations given below. The amount of indigotin reduced was 
invariably equivalent to three atoms of oxygen per mol. of glucose, 
four atoms of oxygen per mol. of lsevulose and, as might have been 
expected, 3| atoms of oxygen in the case of invert-sugar. Galactose 
and glucosamine hydrochloride behaved like glucose, each taking 
up three atoms of oxygen. Maltose was apparently hydrolysed, 
since the molecule + H 2 0) reduced an amount of indigo¬ 

tin equivalent to six atoms of oxygen. 

Thioindigodisulphonic acid {Ber., 1907,40,3821) gave with glucose 
and lsevulose results identical with those obtained with potassium 
indigotintetrasulphonate. 

Potassium ferricyanide can replace indigotin in the titration of 
glucose, lsevulose, and glucosamine, giving identical results; the 
reaction is very rapid, being complete in 15 seconds. The extent 
of the oxidation was in the first instance determined by titrating 
the ferrocyanide in the cooled solution, acidified with sulphuric 
acid, with permanganate to the appearance of a pink colour. The 
result was corroborated by estimating the excess of ferricyanide by 
means of standard sodium hydrosulphite, with methylene-blue as 
indicator. Ultimately it was, however, preferred to estimate the 
excess ferricyanide by titration with titanous chloride in presence 
of a trace of ferric chloride, the disappearance of the blue colour 
indicating the end-point. There was a close agreement of the 
results in all three cases. 

In view of the constancy of the results obtained with methylene* 
blue, potassium indigotintetrasulphonate, thioindigodisulphonic 
acid, and potassium ferricyanide, and the exact stoicheiometrio 
character of the reactions, it was surmised that, in the case of 
glucose and galactose, the oxidation had resulted in the formation 
of hexane tetrahydroxy-dicarboxylic acids corresponding to sac¬ 
charic and mucic acids, whilst inthe case of lsevulose, the oxidation 
would just suffice to produce a mono- and a di-carboxylic acid in 
equimolecular proportions. In spite of numerous attempts, it has, 
however, not been possible to identify any of the oxidation products, 
The difficulty lies mainly in the removal of the large quantity of 
colouring matter required to effect the oxidation; for instanc^v 
1 g. of glucose requires more than 16 g. of potassium indigotm* 
tetrasulphonate, which will be present, after oxidation is complete, 
partly as such hut mainly in the reduced condition. Afeo, 
through the action of the alkali, considerable isomeri^ 
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the oxidation products probably takes place, and these do not 
possess the uniformity of the product of oxidation in an acid 
medium* 

If glucose, which is neutral to phenolphthalein, is converted into 
a diearboxylie acid (or acids) during the reaction, the extent of 
such conversion should be measurable by titration, for the resulting 
acid would require two equivalents of caustic alkali for its neutralis¬ 
ation. On similar grounds, the acids resulting from the alkaline 
oxidation of lsevulose should require three equivalents of alkali. 
It was obviously impossible to use dyestuffs as oxidants to test the 
validity of this reasoning. Pure potassium ferro- and ferri-cyanides 
are neutral to phenolphthalein, and the latter was employed as the 
oxidant in the experiments. In carrying out the estimations it 
had to be taken into consideration that potassium ferricyanide, in 
becoming reduced to ferrocyanide, takes up two molecules of 
potassium hydroxide for each atom of oxygen supplied. The 
results confirmed exactly the above reasoning. 

It is known that, in the titration of glucose by means of Fehling’s 
solution, the extent of the oxidation, as measured by the amount 
of copper reduced, is represented by rather less than 2f atoms 
of oxygen per molecule of glucose. On the other hand, it has 
been shown that by employing, in place of Fehling’s solution, the 
solution of copper carbonate in potassium carbonate and bicarb¬ 
onate advocated by Soldaini ( Gazzetta , 1876, 6, 322), the degree 
of oxidation is almost* doubled (see also Ost, Ber,, 1890, 23 , 1035, 
3003).* It was therefore considered possible that the use of an 
alkaline carbonate in the titration of glucose with indigotin might 
also give rise to a higher degree of oxidation. The results obtained, 
however, were in no way modified by substituting for the potass¬ 
ium hydroxide an amount of potassium carbonate and bicarbonate 
equivalent to that employed in the alkaline copper carbonate 
solution. In carrying out the titration, it is important that the 
substances be added in the sequence given. If the caustic potash 
is added to the boiling glucose solution before the indigotin, 30 
seconds’ boiling is sufficient to lower the result by 50% or more. 
This seems to be due to the conversion of some of the glucose into 
lactic add (Nencki, pr. Chem., 1881, 24 , 498). If the boiling is 
continued for 2 minutes, the amount of alkali neutralised corre¬ 
sponds exactly to the formation of two molecules of lactic acid. 
Lsevulose behaves in this respect like glucose. 

Neither lactic, saccharic, mueic, nor gluconic acid reduced 

* No satisfactory explanation of this great difference in the behaviour 
of the two solutions has hitherto been advanced. 
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methylene-blue when boiled with this dyestuff in presence of 
caustic potash. 

When kitone-blue A, (p) S03Me*C 6 H^(S0 3 [o])-C<^Hj:NBt’clH/ 

was substituted for methylene-blue or potassium indigotintetra- 
sulphonate as oxidant, both glucose and lsevulose took up exactly 
two atoms of oxygen per molecule. This would correspond to the 
formation of glycuronic acid from the first and of hydroxygluconic 
acid from the second of these carbohydrates. Superimposing an 
indigotin titration on the kitone-blue titration of glucose resulted 
in a further atom of oxygen being taken up. From its behaviour 
towards methylene-blue and towards indigotintetrasulphonic acid, 
it might have been expected that lsevulose, after being oxidised 
with kitone-blue, would take up two more atoms of oxygen on 
superimposing a methylene-blue titration. Only one further atom 
of oxygen was taken up. 

Rosinduline 2B, when employed as the oxidising agent, supplied 
only one atomic proportion of oxygen to glucose, By super¬ 
imposing a methylene-blue titration, no further oxidation took 
place; and, although the oxidation product was not identified, 
this circumstance strengthens the opinion that the oxidation had 
resulted in the quantitative formation of giuconic acid. 

Experimental. 

In principle, all the titrations are carried out in the same way. 
A known weight of the carbohydrate is heated with a known volume 
of a standard solution of the oxidising dyestuff, which must be 
present in considerable excess, in a current of nitrogen. When the 
mixture boils, caustic potash is added, and the boiling continued 
for the time specified. The mixture is now at once acidified, and 
the excess of dyestuff titrated with titanous chloride in a current 
of carbon dioxide. The quantity of carbohydrate most suitable 
for a titration is 0*01—0*05 g., and the quantity of caustic potash 
required is about 0*5 g., or 5 c.c. of a 10% solution. 

The following special points should be noted in carrying out the 
titrations. 

Methylene-blue. A suitable strength of this dyestuff (working 
with a titanous chloride solution of which 1 c.c. = 0*002 g. Fe or 
thereabouts) is 10 g. of the medicinal product per litre. The time 
of boiling in presence of alkali should in no case exceed 5 seconds; 
beyond this limit, the methylene-blue loses strength through 
decomposition and the results become untrustworthy. 

Pofmmm indigotintetmsulphonate. A suitable strength is 40 g. 
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of the crystallised dyestuff per litre. The procedure consists in 
adding to an aqueous solution of a definite weight of glucose excess 
of the standard indigotin solution. The mixture is boiled in a 
current of nitrogen, caustic soda is added, and the boiling continued 
for § minute. The mixture is then acidified with dilute sulphuric 
acid, excess of tartrate of soda added, and the hot solution titrated 
with titanous chloride until the blue colour disappears. 

Ferricyanide. A suitable strength for a standard solution is 
50 g- per litre. The quantity of caustic potash added should be 
more than sufficient to allow for the formation of ferrocyanide and 
for the neutralisation of the organic acids formed. The time of 
boiling is 15 seconds. The mixture is rapidly cooled in running 
water before being acidified with dilute sulphuric acid. The excess 
ferricyanide is then titrated with standard titanous chloride, as 
described. It is not necessary to employ either nitrogen or carbon 
dioxide. 

Kitone-blue. A suitable strength is 10 g. per litre. Boiling for 
30 seconds suffices to complete the oxidation, after which the 
solution is acidified with tartaric acid in slight excess before the 
excess of dyestuff is titrated with titanous chloride. 

Rosinduline 2B. Strength and procedure as for kitone-blue. 
Rosinduline G also may be used for the purpose. Crystal-scarlet 
was not found suitable as an alkaline oxidising agent, the end¬ 
point not being sharp. Like the rosindulines, this dyestuff supplies 
one atom of oxygen to glucose. 

Titration of Glycuronic Acid .—A solution of pure euxanthic acid 
(0-201 g.) in sulphuric acid (d 1*735) was diluted, boiled and filtered, 
and the separated euxanthone was washed so that the filtrate 
contained the whole of the glycuronic acid. The solution thus 
obtained reduced indigotin equivalent to 26*4 c.c. of TiCl 3 (1 c.c. 
TiClg = 0*002001 g. Fe), indicating that almost exactly one atom 
of oxygen had been used. Expressed as percentage of glycuronic 
acid in euxanthic acid, the result gives 45*5% as against 45*9% 
calculated for C ls H 16 O 10 + H 2 0. Almost the same result was 
obtained in the osazone process : 0*035 g. of the same specimen of 
euxanthic acid was hydrolysed with sulphuric acid as before, and 
the resulting glycuronic acid converted into the osazone; this 
requited 14*4 c.c. of TiO^ (1 c.c. = 0*001924 g. Fe) (Found: 45*7% 
calculated on the euxanthic acid employed). 

Action of Sodium Hydroxide on Glucose and Lcemlose. —An 
aqueous solution of 0*5045 g. of glucose was boiled with 25 c.c. 
of ^-sodium hydroxide for 2 minutes, and the excess of alkali 
then titrated with A-sulphuric acid and phenolphthalein. The 
amosmt of caustic soda neutralised was 5-6 c.c., which is equal 
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to 444% on the weight of the glucose (calc, for JV-3STaOH, 
44*5%). 

0*5115 Gram of lsevulose, similarly treated, required 5*7 c.c. of 
N -sodium hydroxide, which represents 44*4% on the weight of the 
lsevulose. In another experiment the boiling with caustic soda 
was continued for 5 minutes; this did not affect the result. 

Acidimetric Titration of the Oxidation Products of Glucose and 
Lcevulose .—Glucose (0*5 g.) was oxidised with 7*5 g, of potassium 
ferricyanide and 50 c.c. of iV-potassium hydroxide. Titration with 
^-sulphuric acid and phenolphthalein then showed that 1*24 g. 
of potassium hydroxide had been neutralised in the reaction. The 
amount required according to the equation is 1*245 g. 

On similar treatment of 0*5 g. of lsevulose, 1*45 g. of potassium 
hydroxide were neutralised (calc., 1*40 g.). 

Indigotin Titration superimposed on Kitone-blue Titration .—* 
0*02084 Gram of glucose required kitone-blue equivalent to 13*6 c.c. 
of TiCl s (1 c.c. = 0*001916 g. Fe), which (for 2 atoms of oxygen 
supplied) corresponds to 0*02094 g. of glucose or 100*4%. In the 
superimposed indigotin titration, an amount of indigotin equivalent 
to 6*9 c.c. of TiCl 3 was required, corresponding (for one additional 
atom of oxygen) to 0*02123 g. of glucose or 101*3%. 


Sugar. 

Oxidant. 

Sugar 

taken 

(g-). 

Titr© of 
TiCl s (1 c.c. 
= - X 10~* 
g. Fe). 

TiCl a 

(c.c.)* 

Sugar 

found 

(g->- 

% of 
sugar 
taken. 

Glucose .. 

M 

0*03956 

27*42 

26*7 

0*03922 

99*15 


I 

0-0400 

18*38 

40*5 

0*03988 

99*7 


Th 

0*03733 

19*23 

36*2 

0*037286 

99*8 


F 

0*02029 

19*23 

19*7 

0*02032 

99*8 


K 

0*0400 

19*98 

12*4 

0*03984 

99*6 

.. 

K-b 

0*0200 

19*98 

12*5 

0*020075 

100*4 

btevulose . 

M 

0-04006 

20*81 

48*1 

0*04023 

100*4 


I 

0*02023 

19*15 

26*2 

0*02016 

99*7 


Th 

0*0400 

19*23 

51*5 

0*03976 

99*4 


F 

0*0390 

19*23 

50*5 

0*03898 

99*9 

Sucrose (inv.)... 

K-b 

0*0200 

19*98 

26*2 

0*03033 

100*3 

M 

0*0291 

15*72 

42*5 

0*02914 

100*1 

I 

0*0227 

20*01 

25*9 

0*02261 

99*6 


F 

0*0227 

20*01 

26*0 

0*02269 

99*9 

Galactose ...... 

M 

0*0388 

17*24 

42*0 

0*03879 

99*8 


I 

0*03304 

18*45 

33*4 

0*03300 

99*8 

Arabinose .. 

I 

0*0400 

20*66 

42*4 

0*03911 

97*8 

Glucosamine 

hydrochloride 

I 

0*05232 

19*23 

42*3 

0*05219 

99*7 

Glucosamine 

hydrochloride 

F 

0*02505 

17*49 

22*2 

0*02493 

99*5 

Glycuronic acid 
in euxanthic 
acid. 

I 

0*2010 

20*01 

26*4 

0*09150 

45*5 


M, methylene-blue; I, potassium indigotintetrasulphonate; Th, thio- 
indigodisulphomo acid? F, potassium femcyanide; B>, rosindulme; K-b 
kitone-blue. 
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Various amounts of glucose with potassium mdigotintetrasulph- 
onate as oxidising agent. 

C.c. of TiCl 3 Glucose found % of glucose 
used. (g.). taken, 

50’1 0*052505 99*7 

40*2 0*042129 99*9 

20*0 0*02090 99*5 

10*1 0*010585 100*4 

5*0 0*00524 99*5 

1 C.c. TiCl 3 = 0*001956 g. Fe. 

Various amounts of glucose with potassium ferricyanide as oxidising 

agent. 


0*0800 

65*3 

0*0798 

99*8 

0*0500 

41*0 

0*0500 

100*05 

0*0400 

32*6 

0*0399 

99*7 

0*0198 

16*2 

0*0198 

100*0 

0*0099 

8*1 

0*0099 

100*0 


1 C.c. TiCl s = 0*002272 g. Fe, 


Summary. 

1. It is shown that, in an alkaline medium, glucose, Isevulose, 
and certain other carbohydrates are oxidised to a definite degree 
by methylene-blue and by potassium indigotintetrasulphonate. 
Glucose, glucosamine, and galactose take up, under the conditions, 
exactly three, and Isevulose four, atomic proportions of oxygen. 
Potassium ferricyanide can replace the dyestuffs in these estim¬ 
ations. 

2. When boiled for two minutes with excess of caustic soda in 
an atmosphere of nitrogen, both glucose and Isevulose neutralise 
an amount of alkali corresponding exactly to the formation of 
two molecules of lactic acid. 

3. When glucose is boiled with excess of potassium ferricyanide 
and caustic potash, the amount of alkali neutralised (over and 
above that required to form potassium ferrocyanide) represents 
exactly three equivalents of caustic potash. In the case of kevulose, 
the amount of caustic potash neutralised is approximately four 
equivalents. 

4. Glyeurordc acid can be estimated quantitatively by titration 
with potassium indigotintetrasulphonate. The volumetric osazone 
titration method may also be employed for the purpose. 

5; In presence of caustic alkali, glucose is also oxidised quanti¬ 
tatively by Mtone-blue and by rosinduline. In the former case, 
two, and in the latter, one atomic proportion of oxygen is supplied 
by these dyestuffs. 

\ Municipal Coilege or Technology, 

VNiVEBsm- or {Received, July 23rd, 1925.] 


Glucose taken 

fed- 

0*052675 

0*04214 

0*02107 

0*010535 

0*0052675 
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CCCXCVL —The Salting-out Effect The Influence of 
Electrolytes on the Solubility of Iodine in Water . 

By John Stanley Carter. 

The fact that the solubility of non-electrolytes in water is lowered 
by addition of electrolytes has attracted considerable attention, 
and various empirical or semi-empirical equations have been put 
forward to express the relation between the change in the solubility 
and the concentration of the electrolyte. In most of the earlier 
work, the latter rarely exceeded one gram-equivalent per litre, and 
over this range the solubility lowering is approximately proportional 
to the concentration of the electrolyte. Experiments in which the 
electrolyte concentration was varied over a wider range show, 
however, that this proportionality by no means holds. 

Measurements of the solubility of phenol in sodium sulphate 
solutions (Dawson, J. Soc. Ghem. Ind ., 1920, 39, 151t), of the 
solubility of ethyl ether in sodium chloride solutions (Thorne, J., 
1921, 119, 262) and of quinol and quinone in various salt solutions 
(Linderstrom-Lang, Compt. rend. Tmv. Lab. Garlsberg , 1924, 15, 4) 
show that, over a considerable concentration range, the influence 
of electrolytes on the solubility of non-electrolytes can be expressed 
by the exponential formula s = s 0 e~* c , first suggested by Setschenov 
(Z. physihal. Ghem., 1889, 4, 117), where s 0 and 8 denote respectively 
the solubilities of the non-electrolyte in water and in a salt solution* 
the concentration of which, expressed in terms of the volume of 
the solution, is represented by c, and k is a constant characteristic 
of the dissolved electrolyte. 

In the present investigation, the validity of the exponential 
formula has been tested by measurements of the solubility of 
iodine in aqueous solutions, the concentration of which ranged up 
to saturation at the temperature of observation. In previous 
measurements (J&kowkin, Z. physikal. Ghem,, 1896, 20 , 19 ; Dawson, 
ibid., 1906, 56, 606), in which the salting-out effect was examined 
by determining the partition of iodine between carbon disulphide 
and aqueous salt solutions, the concentration of the electrolytes 
was varied only between comparatively narrow limits* The num¬ 
bers thus obtained are consequently of little use for the present 
purpose. 

The experimental data now recorded have reference to the effects 
produced by sodium nitrate, sulphate, and dihydrogen phosphate 
and by nitric and sulphuric acids. These are all readily soluble 
in water and do not react with iodine. The salts of weak acids 
are generally inadmissible on account of hydrolysis, and the halogen 
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salts are unsuitable because of the readiness with which they form 
perhalogen compounds. Various other salts had to be rejected on 
account of their oxidising properties, which introduce difficulties 
in the estimation of the iodine by means of thiosulphate. Measure¬ 
ments were also made with sodium chloride, allowance for the 
effect of perhalide formation being made in a maimer which will 
be described later. 

Experimental. 

Iodine and the salts employed were purified by the customary 
methods. Since Bray (J. Amer. Ghem. Soc.> 1910, 32, 932) has 
shown that the hydrolysis of iodine is repressed in faintly acid 
solution, the values of for the solutions of sodium nitrate, 
sulphate and chloride were adjusted to 5—5-5 by the addition of 
small quantities of the corresponding acids. 

In the determinations of solubility, every precaution was taken 
to ensure complete saturation, efficient filtration, and to prevent 
loss of iodine by volatilisation. In the experiments with nitric 
and sulphuric acids, the dissolved iodine was extracted from a 
known weight of the saturated solution by repeated shaking with 
carbon tetrachloride; the latter was then freed from mineral 
acid by shaking with dilute aqueous sodium acetate. Freshly 
prepared O-OliV'-sodium thiosulphate was used for the titrations. 
In order to obtain solutions of sufficiently high salt concentration, 
the first experiments (with sodium sulphate) were made at 35°, 
but subsequent measurements were made at 25° and 10°. 

Determinations of the solubility of iodine in water with a slight 
acid reaction (p H 6) gave the following results (millimoles per 
litre): 


At 10° 0-835 0-837 

At 25° 1-319 1*321 1-322 

At 35° 1-808 1*809 


The values at 25° agree with the value, 1-320, recorded by Bray 
(fee. cit ), but are lower than that, 1*334, given by Hartley and 
(J., 1908, 93, 741), which is considered by Bray to be a 

^cvJEn Table I the solubilities experimentally determined are com¬ 
pared with those calculated from the exponential equation, which 
tree putinto logarithmic form, 

, 2 log $ = log s 0 — Jj'c ....... (1) 

the value of ^ constant 4' being given by the slope of the line in 
tfie graph of log s-concentration. 

the application of this formula to the results obtained for the 
concentra^ the mode of expressing the concern 
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tration of the dissolved electrolyte is a matter of great importance. 
The range of validity of the logarithmic formula is very much 
greater when the concentration of the electrolyte is referred to a 
fixed weight of water than it is when the concentration is expressed 
in terms of a fixed volume of solution. In the latter case, deviations 
appear when the concentration of the electrolyte reaches 2—3 
gram-equivalents per litre, and the magnitude of these deviations 
increases continuously with the concentration of the dissolved salt. 

For this reason, the concentrations of the electrolytes, c, represent 
the number of moles (equivalents in the case of sodium sulphate) 
per 1000 moles of water. The solubility of iodine is expressed in 
the same way, $' being the measured value and $ the value cal* 
culated from equation (1). The values of s 0 at 25° and 35°, respect¬ 
ively, are 0*0238 and 0*0327. The ordinary weight percentage 
composition of the various solutions is given under “ w%” 


Table I. 


. Sodium Nitrate at 25°, h r = 0*00296. 


«%- 

s'Xl0 3 .*Xl0 8 . 

w %. 

s'X 10 3 .*xl0 3 . 

w%. 

s'xlOK 

5Xio* 

5*89 

22*2 

21*8 

25-67 

14*5 

14*5 

39*83 

9-11 

9*16 

11*10 

20*2 

19*9 

29-75 

12-5 

12*9 

44*16 

7*53 

7*60 

15*31 

18*5 

18*4 

35-43 

10*8 

10*8 






Sodium Nitrate at 35°. 

k' = 0-00243. 



1*98 

32*7 

32*3 

15*89 

26*8 

26*2 

50*1 

10*0 

9*94 

3*48 

32*0 

31*4 

29*06 

20*1 

20*1 




6*85 

30*2 

30*0 

40*17 

14*3 

14*7 






Sodium Sulphate at 25°. 


0*0090. 



5*66 

17*3 

17*4 

16-24 

8*55 

8*60 

19*66 

6*56 

6*59 

8*64 

14*4 

14*5 









Sodium Sulphate at 35°. 


0*0087. 



1*05 

31*8 

31*1 

9*13 

20*2 

19*8 

25-31 

5*78 

5*85 

2*31 

29*3 

29*0 

14*79 

13*3 

13*5 

31*80 

3*05 

3*06 

4*93 

25*2 

25*2 

21*10 

8*39 

8*42 

33*1 

2*58 

2*66 


Sodium Dihydrogen Phosphate at 26°. 

k f = 

0*0082. 


7*53 

19*4 

20*0 

26*40 

1M 

1M 

45*26 

[1*8] 

3*98 

14*40 

16*1 

16*6 

31*66 

8*93 

8*85 



20*64 

13*5 

13*7 

41*06 

[4*3] 

5*35 





Comparison of the observed and the calculated solubilities of 
iodine shows that there is close agreement over the entire range of 
possible salt solutions in the case of sodium nitrate and sulphate; 
and also in the case of sodium dihydrogen phosphate, excepting 
the two most concentrated solutions, for whioh the measured 
solubilities are smaller than the calculated values. This divergence 
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suggests the operation, of some factor other than that responsible 
for the normal salting-out effect. An explanation may possibly 
be found in the acid character of the electrolyte in this case, for, 
as 'will be seen later, the behaviour of nitric and sulphuric acids is 
quite different from that of the corresponding salts. 

Iodine dissolved in a solution of sodium chloride exists in part 
as free iodine and partly in the form of a complex polyhalide. 
The influence of polyhalide formation is such that the solubility 
of iodine passes through a maximum when the concentration of 
the sodium chloride increases (Table II, column 2). 

Fig. I. 

4- Of 

3*5 




0-5 

0 10 20 30 40 50 60 70 

Percentage of nitric acid. 

Solubility of iodine in aqueous solutions of nitric acid . 

In order to obtain the value of V in equation (1) for sodium 
chloride, it was assumed that the polyiodide equilibrium NaCl + 
I^^NaCHg conforms to the requirements of the mass-law equation 
tod that the variations in the value of the expression [NaCljpy/ 
p?aGII 2 ] = a are due to the salting-out effect of the sodium chloride 
on the iodine. By plotting these values against the sodium chloride 
concentration and extrapolating to zero salt content, a limiting 
value of a = 12*0 was obtained, and this was assumed to be the 
true value of the mass-law constant. In calculating the concen¬ 
trations of free and combined iodine from this number, advantage 
was 4 okm of the fact that the total salt concentration may be 


1 


/%5° 
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substituted for [NaCl] in the mass-law equation without introducing 
any serious error. 

Table II. 



Sodium Chloride at 25°. k ' 

= 0*00575. 



Cone, of total 

Cone, of combined 

Cone, of free 


% NaCl. 

dissolved iodine. 

iodine=[NaClI 2 ]. 

iodine =s'. 

s. 

4*52 

0*04403 

0*02405 

0*0200 

0*0197 

7*43 

0*05295 

0*03560 

0*0174 

0*0172 

14*14 

0*06289 

0*05085 

0*0121 

0*0122 

20*31 

0*06311 

0*05475 

0*00835 

0*00843 

23*15 

0*06105 

0*05405 

0*00700 

0*00698 

25*95 

0*05790 

0*05210 

0*00580 

0*00571 


The close agreement between the numbers in the last two columns 
of Table II affords clear evidence that the salting-out effect of 
sodium chloride is exactly similar to that of the other salts examined 
when due allowance is made for the disturbing influence of 
polyiodide formation. 

Tables III and IV contain the data for solutions of nitric and 
sulphuric acid. As there is no simple relation between the solubility 
of the iodine and the concentration of the dissolved acid, the con¬ 
centration of the iodine is expressed in millimoles per litre (6). 


Table III. 


Solubility of Iodine in Nitric Acid Solutions. 


10°. ' 25°. 36°. 





«.. ■ 

■ —mm im 

—»»».. 

% hno 3 . 

5. 

% HNO a . 

5 . 

% HNO s . 

&; 

11*80 

0*969 

10*91 

1*60 

3*31 

1*87 

23*88 

1*036 

23*16 

1*79 

6*50 

2*04 

32*35 

1*020 

30*05 

1*85 

15*50 

2*33 

40*82 

0*985 

33*62 

1*86 

28*72 

2*60 

49*57 

0*952 

42*28 

1*85 

42*63 

2*75 

55*82 

0*962 

52*77 

1*89 

43*13 

2*73 

64*30 

1*08 

60*36 

2*10 

58*34 

3*68 

70*00 

1*78 

63*81 

2*36 





67*41 

2*78 





69*65 

3*12 





72*60 

3*94 




Table IV. 

Solubility of Iodine in Sulphuric Acid Solutions at 25°. 


H*S0 4 . 

11*87 

22*72 

33*25 


.Colour of 
b . sat. sol. 

1*02 Brown. 

0*820 Brown. 
0*015 Brown. 


H 3 S0 4 . 6. Colour of sat. sol. 

40*42 0*545 Brown with pink tinge. 

59*53 0*380 Pink with brown tinge. 

72*04 0*270 Pink. 

87*37 0*200 Pink. 


The somewhat complicated relations exhibited by the data for 
solutions of nitric acid are more clearly represented in the diagram. 
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The curve for 35° shows that the solubility increases continuously 
with the concentration of the acid, but the rate of increase diminishes 
markedly in the middle portion of the curve. The factors which 
give rise to this diminution have obviously a much greater influence 
at lower temperatures, in that the curve for 10° shows a maximum 
and a minimum . At 25°, the relations are intermediate in character; 
the form of the curve corresponds with the behaviour expected 
from the results at 10° and 35°. In connexion with these results, 
it may be noted that solutions containing more than 60% HN0 3 , 
although brown when viewed in bulk, have a distinctly pink shade. 
In sulphuric acid solutions, the solubility of iodine decreases con¬ 
tinuously as the concentration of the acid increases from 0 to 87%, 
but the data do not conform at all to the requirements of the 
logarithmic formula which expresses the salt effects. The colour 
of the solutions changes gradually from brown to pink. 

There is apparently no connexion between the effects observed 
with nitric and sulphuric acid solutions and those obtained for 
neutral salt solutions. If the mineral acids exert any action which 
is comparable with that of the salts, it is more or less completely 
masked by other effects which play no part in the case of the 
neutral salts. It seems probable that the solvent power of nitric 
acid for iodine is in part responsible for the complicated behaviour 
exhibited by nitric acid solutions. 

Recent measurements (Manchot, Jahrstorper, and Zepter, Z. 
anorg. Ckem., 1924, 141, 45) of the solubility of nitrous oxide in 
aqueous solutions also have shown that the influence of the free 
mineral acids is totally different from that of the corresponding 


My thanks are due to Professor H. M. Dawson for suggesting 
the lines of this research and for his helpful criticism and advice. 

University of Leeds. [deceived, October 30 th 9 1925.] 


CC5CXCVII .—The Partial Pressures of Aqueous Ethyl 

Alcohol. 

By Hh,yakd John Egltston Dobson. 

In conn e xi on with work now in progress, it became necessary to 
have accurate data lor the partial vapour pressures of ethyl alcohol 
at 25°, for aqueous mixtures containing up to 90% of alcohol. 
$$© system is in itself of obvious importance, yet the existing data 
, :f$r,:: ; these properties seem to be defective. Foote and Scholes 
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(*7. Amer , Ghem. Soc 1911, 33, 1309) obtained figures for the 
aqueous partial pressure which exhibit a curious break in sequence; 
this they ascribe to experimental error. Wrewski, working at 
39*7° (Z. physikal. Chem., 1912, 81, 1), obtained similar discon¬ 
tinuities in the same region between 20 and 40% alcohol. The 
system has therefore been newly studied by the method indicated 
below; the results prove to be free from the anomalies hitherto 
prevalent, and are believed to have considerable accuracy. 

Method .—The partial pressures were measured by the dynamic 
or “ bubbling ” method. This method consists essentially in 
measuring the mass and composition of the mixed vapour which 
at 25° saturates a measured volume of a chemically inert gas, and 

Fig. 1, Fig. 1a. 



thence calculating, with the aid of the simple gas laws, the partial 
pressures, or more accurately the vapour concentrations, of the two 
components alcohol and water. With some of the higher strengths 
of alcohol the mass and the composition of the vapour were measured 
simultaneously, but it was generally found more convenient to 
determine these separately for a given aqueous alcohol mixture. 
The determination of vapour composition is first described, and 
secondly the determination of the mass of vapour saturating a 
measured volume of gas. 

Vapour Composition .—Nitrogen gas was saturated with the vapour 
of aqueous alcohol contained in a system of bubblers immersed in 
a thermostat electrically regulated at 26° ± 0*02°. The saturated 
vapour was then carried from the thermostat without condensation 
through an electrically heated tube, E (Eig. 1), to a U-tube immersed 
in a powerful refrigerant, and in this U-tube the vapour was quanta 
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tatively condensed. The composition of the distillate was deter¬ 
mined pyknometrically by the special means mentioned below. 

Since for this purpose as much as 3 grams of liquid had to be 
distilled, it was essential to ensure that the change in composition 
of the final saturating bubbler was negligible. This was achieved 
by placing a slightly stronger alcohol mixture in the first bubbler, 
A, in which most of the evaporation occurred; the chilling due to 
latent heat was taken up in the long glass tube, B; whilst the 
remai n ing concentration changes were taken up by the second 
saturator, 0, containing the same liquid as was in the final saturator, 
D. This was specially designed to remove all danger of spray being 
carried over from bursting bubbles; the absence of spray from this 
bubbler was proved in special experiments with highly coloured dyes. 

The exposed tube, E, was covered with asbestos on which 
Nichrome wire was wound, and a temperature of 80—100° was 
maintained electrically throughout the experiment. An external 
glass sheath was sealed to E, so that the heating coil extended 
below the level of the water in the thermostat. 

The U-tube proved very efficient in’condensing the vapour quanti¬ 
tatively ; and liquid air, used in many of the experiments, appeared 
to have little advantage over a mixture of carbon dioxide snow and 
ether as a refrigerant for this purpose. The U-tube was 2 feet in 
total length and was placed in a correspondingly large Dewar flask 
filled with refrigerant, and the distillation was made (generally 
over-night) in a current of nitrogen flowing at the rate of 1 to 3 
litres per hour. Special precautions were taken, and mechanical 
indicators were devised which showed when any mishap had occurred. 
Ail determinations were in duplicate. 

The method of sampling was as follows. When sufficient con¬ 
densate had been obtained, the U-tube was removed from the Dewar 
flask, and the pyknometer (Fig. 1a) was fitted by the ground glass 
joint, J, to the sampling tube, F. When the condensate had thawed, 
and had been thoroughly shaken in the U-tube (to nullify fractiona¬ 
tion), it was forced by air pressure into the bulb of the pyknometer 
to the mark H. The tap was then turned so as to close the bulb, 
and to connect the joint, J, to the side tube, I. A rubber cap was 
slipped over J, and the pipette was immersed in the thermostat at 
25° v When equilibrium was attained, excess of alcohol was absorbed 
by spills of filter-paper, till the meniscus stood at* the mark H. 
The pyknometer was now dried, and before weighing it the passage 
through the tapwas washed out from I to J by sucking 30% alcohol 
through and drying the passage with a current of air. 

In this way, weighings reproducible to 0*2 mg, were obtained, 
i densities^ 0-0001 unit. Densities 




THE PARTIAL PRESSURES OP AQUEOUS ETHYL ALCOHOL. 2869 

at 25° were used throughout for the estimation of percentage com¬ 
position. This was read from the smooth curve obtained by plotting 
on a large scale the accurate data of Osborne and McKelvy (Landolt- 
Bornstein-Roth, “ T&bellen,” 1923 Ed., p. 448). 


Liquid. 

Table I. 

The Vapour of Aqueous Alcohol . 
Weight % alcohol Condensed Error of 

Temp, of 

✓ - 

-- ^ 

vapour. 

weight % 

condensation 


in liquid. 

in vapour. 


figures. 

of vapour. 

0*98618 

6*21 

35*80 

0*93990 

0*03 

-190° 

0*97701 

12*36 

54*20 

0*90045 

0*04 

— 190 

0*96672 

20*51 

66*17 

0*87241 

0*03 

-190 

0-95337 

28*40 

72*91 

0*85634 

0*01 

- 80 

0*94360 

33*90 

75*38 

0*85038 

0*04 

-190 

0*93285 

39*32 

77*10 

0*84634 

0*06 

-190 

0-90890 

50*46 

80*03 

0-83903 

0*02 

- 80 

0*89512 

56*50 

81*23 

0*83614 

0*04 

-190 

0*86068 

71*09 

84*40 

0*82814 

0*01 

- 80 

0*84392 

78*07 

86*20 

0*82341 

0*03 

- 80 

0*81337 

90*12 

91*90 

0*80860 

0*02 

-190 


The results of these determinations are in Table I, and each is the 
mean of two or more experiments. The maximum deviation from 
the mean figure for each concentration is expressed in the fifth 
column and shows the uncertainty in the percentage compositions. 
That these figures give a smooth vapour composition curve is shown 
in Fig. 2, in which these results are compared with the previous data 
of Foote and Scholes, which are here represented by crosses on a 
broken line. 

Partial Pressures .—The apparatus used was a modification of that 
employed by Dobson and Masson (J., 1924, 125, 673) in measuring 
the aqueous vapour pressure of hydrochloric acid. A current of 
nitrogen gas, saturated with the vapour of the aqueous alcohol at 
2S°, passed through a weighed bubbler containing about SO g. of 
concentrated sulphuric acid, in which both the aqueous and the 
alcoholic vapours were quantitatively condensed (Masson and 
McEwan, J . Soc. Chem . Ind,, 1921, 40, 29t). The device used for 
collecting the issuing gas at atmospheric pressures has been already 
described (Dobson, J., 1924, 125, 1968); it materially increased 
the accuracy of the experiments, since it maintained in the saturator 
a constant total pressure, which was measured by a manometer. 
The importance of measuring this quantity has been emphasised 
by Berkeley (Nature , 1915, 95, 54). Foote and Scholes were 
apparently able to neglect this through the arrangement of their 
apparatus, and on this account the method of calculation materially 
differs from theirs. 

The volume of nitrogen, v 9 saturated at 25° with the vapour, is 
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related by equation (1) to the volume, F, collected in the aspirator 
and measured at a temperature, T° absolute, and a pressure, B — h, 
where B is the barometric height, and h the vapour pressure of 
water at the temperature of the aspirator, T°. 

v = 298-1 V(B - h)/{T(B l - p)} . . . . ( 1 ) 

where B ± is the total pressure in the saturator measured by the 
manometer, and p = p„ + is the total vapour pressure of 
the mixture, which must be estimated by successive approximations. 

Pig. 2. 


The vapour composition of aqueous alcohol at 25°. 



3 


20 


20 40 60 80 100 

Weight % of alcohol in liquid. 

0 Experimental points here determined . 

X Found by Foote and Scholes (1911, loo . c&.). 

"■'■in no case were duplicate experiments sufficiently divergent to he shown hy 
separate points on the scale of this figure . 


The volume v is saturated at 25° by m grams of vapour, having a 
composition x% alcohol as given in Table I, Taking the molecular 
weights 18-02 and 46-06 for water and ethyl alcohol respectively, we 
obtain from the simple gas laws the following equations for the 



3-462 mT(Bi ~p) 100 — x 

• ! V(B - h) X ~l60~ 


(2) 
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Kendall (J. Amer. Ghem . Soc., 1920, 42, 2481) has shown that 
saturated steam at 100° obeys van der Waals’s equation when the 
constants a and b are deduced from the critical data. Calculation 
then shows that the deviation of saturated water vapour from the 
perfect gas laws amounts to only 0*03% at 25°. A similar calcu¬ 
lation for saturated ethyl alcohol vapour at the same temperature 
shows that the gas laws hold within 0*1%. The accuracy of the 
equations is therefore as great as that of the experimental data. 

The experimental figures are given in columns 2 to 7 of Table XI. 
With the aid of equations 2 and 3, the partial pressures of aqueous 
and alcoholic vapour, p w and p a i c , have been calculated and are 
given in columns 8 and 9. 

Table II. 

Experimental partial pressure results . 


Wt. % alcohol. Mass 


Pressure in millimetres of mercury. 

" Absolute.” “ Kelatire.” 



Vapour, grains. 

litres. 




— 1 



r—~ 

. 

Liquid. 

. X. 

m. 

F. 

T^abs. B — h. 

*i. 

JPw. 

Pale 

po . 

P v. 

Pale* 

0 

0 

0-3449 

15*10 

293*9° 

738*4 

778*4 

23*75 

— 

_ . 

_ 

_ 



0-4638 

20*31 

293*9 

739*5 

779*5 

23-75 

— 

— 

— 

— 

12*36 

54*20 

0*6107 

12*24 

292*5 

742-2 

764*4 

22-80 

10-55 

— 

— 




0-7888 

16*00 

293*2 

740*3 

763-2 

22-60 

10-46 

23*80 

22*55 

10-44 



0-7454 

15*10 

293*9 

738*4 

762*1 

22-71 

10-51 

23*75 

22*71 

10-51 

20*51 

66*17 

0-9739 

15*41 

297*1 

736-8 

766*0 

21*72 

16-61 

23*77 

21*70 

16-60 



1*0427 

16*10 

294*1 

732*0 

755*9 

21-87 

16-73 

23*78 

21*84 

16*71 



1-0366 

16*14 

293*8 

731*3 

754-9 

21-65 

16*56 

23*51 

21*87 

16-73 

28*40 

72*91 

1*6580 

20*30 

285*8 

749*4 

768-3 

21*17 

22*29 

23-74 

21-18 

22-30 



1-6316 

20*33 

280*7 

735*8 

783-3 

21-11 

22*22 

33*71 

21-15 

22-26 

33*90 

75*38 

1-4092 

16*49 

294*3 

737*8 

762*7 

20*83 

24*95 

23*77 

20*81 

24-93 



1*3859 

16*35 

294*3 

735*8 

762*2 

20*71 

24*79 

23*68 

20*77 

24-86 



1-2826 

15*00 

294*5 

738*2 

702*4 

20*84 

24*95 

— ■ 

— 

. — 

39*32 

77*10 

1-4590 

16*37 

296*7 

732*2 

754*1 

20*24 

26*65 

23*45 

20*50 

26*99 



1-4367 

16*10 

297-5 

781*9 

754*7 

20-34 

26*79 


_ . 




2*7841 

31*10 

294*7 

741*9 

761*1 

20-13 

26*60 

33*45 

20*39 

36*84 



1*4955 

16*15 

292*0 

746*5 

763*0 

20*65 

27*07 

23*73 

20-56 

27*09 

60*46 

80*03 

2*0296 

20*31 

293*9 

739*5 

765*4 

19*63 

80*77 

23-75 

19*63 

80*77 



2-0229 

20*33 

293-7 

735*6 

760*5 

19*50 

80*57 

28*59 

19*63 

30*78 



2*0348 

20*32 

293*6 

737-9 

762*8 

19*62 

30*76 

23*80 

19-58 

80*70 

66*00 

81*28 

1*5886 

15*02 

200*5 

747*2 

760*7 

18*96 

82*09 

28-85 

19-04 

32*22 



1*7458 

16*36 

289*0 

749*7 

763*3 

19*04 

82-22 

28*86 

18-95 

32*07 



2*9705 

28*26 

292*4 

732*0 

748*9 

19-04 

32*22 

— 

— 

*— 

71*09 

84*40 

2*8037 

20*31 

293*7 

738*8 

763*5 

17*28 

36*56 

23*74 

17*29 

36*58 



2*3741 

20*32 

288*4 

741*0 

761*5 

17*37 

36*77 

— 

— 

— 

78*07 

86*20 

3*2083 

26*18 

291*3 

745*5 

764*5 

16*19 

30*56 

23*63 

16*27 

39*70 



1*8569 

15*80 

292*7 

728*2 

745*4 

16*08 

89*28 

— 

— 

— 

90*12 

91*90 

1*9786 

14*45 

293*7 

728*4 

746*7 

10*66 

47*81 

28*66 

10*70 

47*40 



2*1785 

18*15 

296*7 

730-1 

.752*1 

10*67 

47*85 

23*70 

10*89 

47*45 

100 

100 

4*7172 

29*70 

292*3 

746*0 

759*3 

— 

59*01 

— 

— 

— 

Column 1) 

C*) 

(3) 

(4) 

<*) 

(6) 

(7) 

(8) 

<9) 

<10) 

(ID 

m 


As in the experiments of Dobson and Masson (loc. cit.), a simul¬ 
taneous determination was made of the vapour pressure of pure 
water, figures being obtained for the mass of water saturating the 
same volume of gas at a total pressure, JB 2 , measured by a second 
manometer. Using an equation similar to equation 2 (in which x 
of course becomes zero), figures were obtained for the vapour 
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pressure^ pure water, and these constitute column (10) of Table II. 
These figures provide not only a measure of the accuracy of the 
experiment, but taking the standard mean value p 0 = 23-75 mm. at 


Fig. 3. 


The 'partial pressures of aqueous alcohol at 25°. 



Weight % of alcohol in liquid. 

X Found by Foote and Scholes, 1911. 

© Experimental points here determined. 

Curve I.—The partial pressure of aqueous vapour — 
Curve II,—-The partial pressure of alcohol vapour—p^. 
Curve III,—The toted vapour pressure — p. 


25% they yield an independent measure of the vapour pressures 
relative to that of water at the same temperature. The u relative J5 
partial pressures so obtained are given in columns II and 12 of 
Table II. 

In calculating the mean values of these experiments, both ■ * rela- 
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live ” and “ absolute ” figures were considered to be of equal value, 
and these mean partial pressures, together with the total vapour 
pressures and the vapour compositions, are given in Table III. 

The vapour pressure results have been plotted graphically in 
Fig. 3, in which they are compared with Foote and Scholes’s results. 


Table III. 

Experimental Results. 

Weight % Vapour pressures in Weight % Vapour pressures in 
alcohol millimetres. alcohol millimetres. 


in 

in 

Aque¬ 

Alco¬ 


in 

in 

Aque- 

Alco¬ 


liquid, vapour. 

ous. 

holic. 

Total. 

liquid. 

vapour 

sj. 

. ous. 

holic. 

Total. 

0 

0 

23-75 

_ 

23-75 

50-46 

80-03 

19-60 

30*73 

50-33 

6*21 

35-80 

— 

• — 

— 

56-50 

81-23 

19-01 

32-16 

51-17 

12-36 

54*20 

22*67 

10-50 

33-17 

71-09 

84-40 

17-31 

36*64 

53-95 

20-51 

66-17 

21-78 

16-66 

38-44 

78-07 

86-20 

16-18 

39-53 

55-71 

28-40 

72-19 

21-15 

22-27 

43-42 

90-12 

91-90 

10-68 

47-40 

58-08 

33-90 

75-38 

20-79 

24-90 

45-69 

100 

100 

— 

59-01 

59-01 

39*32 

77-10 

20*36 

26-85 

47-21 







Discussion. 

It appears that these experimental results differ essentially from 
those of Foote and Scholes in the measurement of the composition 
of the vapour. For, when these authors’ figures for partial pressures 
are recalculated, using vapour compositions interpolated from the 
present data instead of from their own, the resulting figures for 
the partial pressures fall in almost every case on the smooth curves 
of Fig. 3. Foote and Scholes {loc. cil, p. 1317) used an analytical 
method in which the alcohol content of the vapours was determined 
by combustion over copper oxide, the percentage of water in the 
vapour being estimated by subtracting from the total water pro¬ 
duced, 3/2 g.-mols. for each g.-mol. of carbon dioxide weighed.; In 
spite of the analytical care displayed by these workers, it appears 
that inaccuracies were liable to occur, especially where the water 
content of the vapour was low. 


The author wishes to express his indebtedness to Professor Irvine 
Masson for the interest he has taken in this work, and for much 
helpful critioism and advice. 

The University, Durh am . [Received, October 31s«, 1925.] . 
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CCCXCVIIL —The Methylation of the Oximes of 

Benzil* 

By Oscar L. Brady and Hilda M. Perry. 

The methyl ethers of the oximes of benzil -were investigated by 
Auwers and Meyer (Ber., 1888, 21, 8510) and by Dittrich (J5er., 
1890, 23, 3589), both of whom prepared them by the action of 
methyl iodide on the sodium salts. The former obtained from 
a-benzildioxime two compounds corresponding in composition to 
the methyl ethers a x (m. p. 165°) and a 2 (m. p. 109—110°), and 
from p-benzildioxime the ethers (m. p. 72°) and (3 2 ( m * P- 88°). 
Very little seems to be known of the constitution of these ethers, 
although Beilstein (“ Organische Chemie,” 3rd ed., Vol. HI, 291, 
293) assigns to a 2 and (3 2 the structure of OO-dimethyl ethers, 
Ci 4 H 10 (N-O*CH 3 ) 2 . Auwers and Meyer did not think that a x 
and (3 X were true dimethyl ethers of benzildioxime. 

Dittrich obtained from a-benzilmonoxime a methyl ether A x 
(m. p. 62—63°) and from y-benzilmonoxime an ether T 1 (m. p. 
64—65°) which he regarded as O-ethers. Investigating the methyl 
ethers of the benzildioximes, he suggested that a x and a 2 were 
MeO*U:CPhDPh:N*OMe and MeO-NICPhDPh-OTe, respectively. 

HK 

Prom y-benzildioxime by methylation he obtained the ether (3$, 
formed by isomeric change of the oxime during the reaction. On 
the other hand, Beilstein (op. cit. 9 4th ed., Vol. VH, 760, 762), while 
accepting Dittrich’s view of the constitutions of a x and p x as the 
result of a private communication from Auwers, assigns to a 2 and 

the constitutions CR(;NMeO)-CE(INMeO). 

The whole problem has now been reinvestigated, methyl sulphate 
being used as the methylating agent. The constitutions of the 
ethers have been established by heating them with hydriodic acid 
and determining the methyl iodide obtained from the O-ethers and 
detecting the methylamine from the A-ethers by Valton’s method 
(this vol., p. 40). 

On the Hantzsch-Werner theory, a-benzildioxime should give 
three methyl ethers, ^-benzildioxime three, a-benzilmonoxime two, 
and y-benzilmonoxime two. Of these ten, eight have now been 
characterised. The results are summarised as follows: 

* The usual configurations are adopted for the oximes, and not those 
suggested by Heiaehheimer {Ber., 1921, 54, 3206; 1924, 57, 276, 282, 289). 
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Ph-O 




N-OMe MeO-N 


C-Ph 


a-Benzildioxime 00 -di¬ 
methyl ether, 
m. p. 164—166°. 




N-OH 


HO-ft 


■fi.Ph 


_ a-Benzildioxime _ 

Ph-C-—C-Ph Ph-G-^—p-Ph 

a i Me-NIO MeO-N “ 2 Me-^TIO 0.*N-Me “ 3 

a*Benzildioxime OlV-di- a-Benzildioxime NN-di¬ 
methyl ether, methyl ether, 

m. p. 109—110°. m. p. 192°. 


Ph-£|—fj-Ph • 

MeO-N N-OMe ^ 

!-Benzildioxime 00 -di¬ 
methyl ether, 
m. p. 72—73°. 


Ph-G-C-Ph 
HON N-OH 

j9-Benzildioxime 


4 1 

Ph-p--p-Ph 

0.'N-Me N-OMe 
0-Benzildioxime ON- di¬ 
methyl ether, 
m. p. 102—103°. 



Unknown. 


Ph-j^COPh 

a-Benzilmonoxime 


4 " 

Ph-c—COPh 
N-OMe A i 

' a Benzilmonoxime 0 -methyl ether, 
m. p. 60°. 


Ph-C—COPh 
Me-N.’0 

Unknown. 


Ph-p—COPh 
HO-N 

y-Benzilmonoxime 


4 " 

Ph-p—COPh 
MeO-N r i 

y-Benzilmonoxime O-methyl ether, 
in. p. 63—64°. 


4 - 

Ph-p—COPh 
0:N-Me r * 
y-Benzilmonoxime ^-methyl ether, 
m. p. 109—110°. 


y-Benzildioxime on methylation gave an oil from which were 
isolated y-benzilmonoxime O-methyl ether and benzil; the former 
was probably formed by the hydrolysis of an ON -dimethyl ether, 
and the latter from an iVA T -dimethyl ether, as the iV'-methyl com¬ 
pounds are hydrolysed with unusual ease. 

On boiling with concentrated hydrochloric acid, a-benzildioxime 
jV^-dimethyl ether gives benzil and a-benzildioxime ON-dimethyl 
ether gives y-benzilmonoxime O-methyl ether, probably through 
^-benzilmonoxime O-methyl ether, the latter being converted into 

YOU CXXVIT. SB 
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the former under these conditions; whilst p-benzildioxime Oi Y-di- 
methyl ether gives y-benzilmonoxime O-methyl ether. a-Benzil- 
dioxime OO-dimethyl ether, on heating with concentrated hydro¬ 
chloric acid in a sealed tube at 110°, gives p-benzildioxime OO-di¬ 
methyl ether. These results are such as would be expected and 
the observations of Auwers and Meyer and of Dittrich are brought 
into line with the usual behaviour of the ethers of the oximes : 
The O-ethers are exceptionally stable to hydrolysing agents, whereas 
the A T -ethers are readily hydrolysed; the latter form hydrochlorides, 
the former do not; and the p-forms of the dioximes and the 
y-forms of the monoximes are the most stable at high temperatures. 
Moreover, the formation of O-methylhydroxylamine, ammonia and 
N -methylhydroxylamine observed by these workers is in agreement 
with the results now obtained. The confusion in the literature of 
these compounds has thus been abolished, but the desire to obtain 
the complete series of ethers has been disappointed. 

In the experimental part are described attempts to prepare the 
missing ethers by using other methylating agents and various 
conditions of methylation. 

Experimental,* 

Methylation of y-BenziImonoxime .—The oxime (10 g.) was dis¬ 
solved in sodium hydroxide (10 g. in 120 c.c. of water and 5 c.c. 
of methyl alcohol) and to the filtered solution methyl sulphate 
(18 g.) was added in small portions, rise of temperature being 
avoided. The oil which separated was dissolved in ether, and 
light petroleum added; an oil then separated. The whole was 
placed in a freezing mixture and after five minutes 5 scratching the 
oil solidified. In subsequent preparations, rapid ^crystallisation was 
induced by inoculation. The solid, crystallised twice from boiling 
ligroin, gave y-benzilmonoxime N -methyl ether in colourless needles, 
m. p. 109—110° (Found : N, 5*9. C 16 H 13 0 2 N requires N, 5*9%). 
It was sparingly soluble in ligroin or light petroleum and easily 
soluble in ether, benzene, or alcohol. Boiling with hydriodic acid 
gave no methyl iodide, but methylamine was detected by decolor¬ 
ising the solution with sulphur dioxide, making it alkaline with 
sodium hydroxide, and distilling into alcoholic 2:4-dinitrochloro- 
benzene, when 2 : 4-dinitromethylaniline was obtained (Valton, loc. 
cit). 

The ether-light petroleum mixture (above) was evaporated at 
room temperature, the residual oil dissolved in the minimum of 

* It is, important that all ethereal extracts should be dried before further 
treatment and that only anhydrous sodium sulphate should be used for t his 
purpose. ; . ... '/ 
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ether, and light petroleum added, whereby a further quantity of 
the A 7 -ether was precipitated. The filtrate on evaporation yielded, 
an oil which solidified on treatment with a few drops of alcohol 
and scratching; this having been pressed on a porous tile and 
crystallised twice from alcohol, y-benzilmonoxime O-methyl ether 
was obtained, m. p. 63° (Dittrich gives 64—65°). 

Methoxyl determinations made to confirm the constitution of 
this compound gave consistently low results in presence or absence 
of acetic anhydride (MeO, 7*9, 8*6, 7*9. Calc., IMeO, 13*0%). 
As the compound is somewhat readily volatile at 100°, a deter¬ 
mination was carried out very slowly by heating first for an hour 
at 100° with the stream of carbon dioxide stopped and then at 
135—140° as usual, but the result was worse (MeO, 7*4%). The 
heating with hydriodic acid was then carried out in a sealed tube, 
but a low result was again obtained (MeO, 8*2%). The compound 
was apparently pure, it consisted of well-formed, transparent 
crystals which seemed homogeneous under the microscope and 
remained unchanged in m. p. after crystallisation from various 
solvents. Dittrich obtained satisfactory analytical figures for 
carbon and hydrogen, and these have been confirmed (Found : 
C,75*5; H, 5*5; N, 5*9. Calc., C, 75*3; H, 5*4; N, 5*9%). In 
view of the possibility that the substance might contain the isomeric 
A 7 -ether the hydriodic acid solution from the methoxyl determin¬ 
ation was examined by Valton’s method ( loc . cit.) } but methylamine 
was not detected. Since the substance should contain some 30% 
of the AT-ether to account for the low methoxyl value, and more 
than 0*3 g. of it was employed in the methoxyl determination, the 
amount of methylamine which would have been formed corresponds 
to 0*03 g. of methylamine hydrochloride; ValtonVmethod will 
detect 0*005 g. of this compound* Moreover, no difficulty was 
experienced in detecting a similar amount of methylamine formed 
in the methoxyl determinations of the ON-dimethyl ethers of 
benzildioxime. Now y-benzilmonoxime O-methyl ether is the stable 
isomeride, a-benzilmonoxime 0-methyl ether passing into it on 
heating at 100° with concentrated hydrochloric acid. It will there¬ 
fore be the first product formed when a-benzilmonoximo O-methyl 
ether and a- and p-bemzildioxime OiV-dimethyl ethers are heated 
with hydriodic acid (since the A r -methylhydroxylamino-group is 
very easily eliminated in the last two cases); it is noteworthy that 
in these cases also similar low methoxyl values were obtained. If 
the O-methylhydroxylamino-groups are removed one at a time 
from the benzildioxime OO-dimethyl ethers, y-benzilmonoxime 
O-methyl ether will be formed, and this probably accounts for the 
low but better methoxyl values obtained with these compounds. 

5B 2 
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If Meisenheimer’s configuration ( loc. cit.) be adopted, a possible 
explanation can be suggested involving reduction of the carbonyl 
group and ring formation by elimination of water from the resulting 
CH-OH and the methyl group. This point is being investigated. 

Ph*0—COPh Ph-O—CHPh-OH Ph-fl—OHPh 

N-OMe -> N-OMe -> N-0-CH 2 

Fortunately, in spite of this difficulty, the methoxyl determin¬ 
ations leave no doubt of the constitutions of the different ethers. 

Methylation of oc-Benzilmonoxime. — a- Benzilmonoxime was methyl¬ 
ated in a similar manner as the y-compound, and the oil which 
separated was removed with ether. Part of the extract on evapor¬ 
ation gave an oil which solidified on scratching (m. p. 54—58°); 
to the rest light petroleum was added until a faint turbidity was 
produced, and the solution left in a freezing mixture for 10 minutes, 
when some crystals separated (m. p. 54—58°). The mother-liquor 
was evaporated at room temperature; an oil was then obtained 
which solidified on scratching (m. p. 56—59°). No lowering of 
melting point occurred on mixing the various fractions, so if the 
second methyl derivative is formed the amount must be very 
small. Two crystallisations from methyl alcohol gave a-benzil- 
monoxime O-methyl ether, m. p. 58—59° (Found : MeO, 8-7, 8*5. 
Calc., IMeO, 13*0%). Further search was made for the JV-ether 
by distilling the mother-liquor from the first crystallisation in 
steam to remove the O-ether and extracting the residue with ether, 
but only a very small quantity of a red, uncrystallisable oil was 
obtained. 

a-Benzilmonoxime O-methyl ether was boiled for 30 minutes 
under reflux with concentrated hydrochloric acid. The y-benzil- 
monoxime O-methyl ether obtained on diluting the solution and 
extracting with ether was identified by the method of mixed melting 
points. 

Preparation of oi-Benzildioxime. —This oxime is best prepared by 
dissolving sodium hydroxide (80 g.) in water (500 e.c.) and adding, 
with cooling, a solution of hydroxylamine hydrochloride (40 g. in 
100 e.c. of water) followed by finely powdered benzil (50 g.) and 
alcohol (25 c.c.). After 3 days, the small amount of unchanged 
ben&il was filtered off and the oxime precipitated with carbon 
dioxide and extracted three times with boiling alcohol, in which 
the oE-dioxime is almost insoluble. The residue melted at 230° 
and was considered sufficiently pure. 

Methylation of aL-Benzildioxime~ —The oxime (10 g.) was dissolved 
in sodium hydroxide (30 g. in 200 c.c. of water) with the addition 
ol a little methyl alcohol (5 c.c.}. To the filtered solution, methyl 
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sulphate (42 g.) was added in small portions with shaking and 
cooling. An oil separated which slowly became pasty; this was 
collected and treated with a small quantity of ether, when a solid 
remained undissolved, m. p. 162°. Two crystallisations from alcohol 
gave a fine, crystalline compound, m. p. 165—166°; further crystal¬ 
lisation from alcohol did not raise the melting point. In a Zeisel 
estimation, silver iodide was produced in amount corresponding to 
6*2% of OEt (Half a molecule of alcohol of crystallisation requires 
OEt, 7-7%); but the production of silver iodide may be due to 
contamination with O-methyl ether. The substance on crystal¬ 
lising three times from benzene gave large, colourless crystals, 
m. p. 185° (Found : N, 9-4; loss at 100°, 12-7. C 16 H 16 0 2 N a ,iC 6 H 6 
requires N, 9*1; loss, 12*7%). On heating for 3 hours at 100°, 
the crystals became opaque and a-benzildioxime -dim ethyl ether 
was obtained, m. p. 192° (decomp.) (Found ; N, 10*5. C 16 H 16 0 2 N 2 
requires N, 10-4%). Neither of these compounds gave any alkyl 
iodide on heating with hydriodic acid. The association of solvent 
of crystallisation was not unexpected in view of the general tend¬ 
ency of the A r -ethers of the aldoximes to separate with water of 
crystallisation. The NN -dimethyl ether is sparingly soluble in all 
ordinary solvents; it dissolves in concentrated hydrochloric acid 
in the cold and on boiling the solution benzil is formed. 

The alkaline solution from the methylation was extracted with 
ether, and the extract added to the ether washings obtained in the 
preparation of the above compound. After removal of the solvent 
at room temperature an oil containing crystals of the AW-dimethyl 
compound was obtained. The *oil was decanted off, the crystals 
were washed with a little alcohol, and the washings added to the 
oil. The solution so obtained was evaporated somewhat and con¬ 
centrated hydrochloric acid added drop by drop until the whole 
consisted of a pasty mass, which was sucked as dry as possible. 
The hydrochloride was washed several times with concentrated 
hydrochloric acid and finally with warm ether, the ether washings 
being retained (A). The solid was decomposed with concentrated 
aqueous ammonia; a pasty mass was then formed which slowly 
solidified. Crystallised three times from light petroleum, it gave 
oc-benzildioxima NO-dimethyl ether, m, p, 109°. This is apparently 
the compound, m. p. 109—110°, described by Auwers and Meyer 
(loG'Cit.) (Found: MeO, 9*0, 9*4. Calc., IMeO, 11*6%). Methyl- 
amine was detected in the hydriodic acid after the methoxyl deter¬ 
mination. 

a-Benzildioxime AC-dimethyl ether was boiled with concentrated 
hydroohloric acid for 30 minutes, and the mixture was diluted, 
and extracted with ether. Removal of the solvent gave an oil 
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from which crystals separated. After two crystallisations from 
alcohol, these proved to be y-benzilmonoxime O-methyl ether, the 
:N(CH 3):0 group having been removed and the O-ether of the 
a-monoxime converted into that of the y-monoxime, a change which 
has been shown to occur under the conditions of the experiment. 

The ether washings from the hydrochloride (A) were evaporated 
and the residue was distilled in steam. The small amount of oil 
which volatilised partly solidified on keeping, and the solid on 
crystallisation from dilute alcohol gave a-benzilmonoxime O-methyl 
ether, formed probably by the hydrolysis of the iVO-dimethyl 
ether; no OO-dimethyl ether could be isolated and little if any of 
this compound appears to be formed under these conditions of 
methylation. 

Auwers and Meyer apparently obtained the OO-dimethyl ether 
by the action of methyl iodide on the sodium salt of the oxime, 
but some doubt existed whether their compound, m. p. 165°, was 
actually the OO-dimethyl ether or the NN -dimethyl ether con¬ 
taining alcohol of crystallisation (m. p. 165°). A methylation with 
methyl iodide was carried out, a simpler technique than that of 
Auwers and Meyer being used; a-benzildioxime OO-dimethyl ether, 
m. p. 161°, and a-benzildioxime iVO-dimethyl ether were obtained, 
but no iVA-dimethyl ether. 

A better method of obtaining a-benzildioxime OO-dimethyl ether 
consisted in mixing a-benzildioxime (2 g.) with dry silver oxide 
(2 g.) and methyl iodide (2-3 g.), diluting with dry ether, and heating 
under reflux for 2 hours. The mixture was filtered and the residue 
extracted twice with hot ether; oft cooling, a solid separated from 
the filtrate. The solvent was evaporated at room temperature, 
leaving a solid and a small quantity of oil. The solid was crystal¬ 
lised three times from acetone and the a-benzildioxime OO-dimethyl 
ether described by Auwers and Meyer was thus obtained, m. p. 
163—164° (Found: MeO, 18-8. Calc., 2MeO, 23*1%). This was 
identical with the somewhat less pure product (m. p. 161°) obtained 
above. The hydriodic acid solution from the methoxyl determination 
gave no methylamine when tested by the method described above. 

Heated in a sealed tube with concentrated hydrochloric acid for 
10 hours, a-benzildioxime OO-dimethyl either gave an oil; this 
solidified on scratching and after crystallising from alcohol was 
identified as A-benzildioxime OO-dimethyl ether. The observation 
of Auwers and Meyer was thus confirmed. * 

Preparation of $-Benzildioxime .—A much more satisfactory 
method of preparing p-benzildioxime than that described in the 
literature consists in dissolving a-benzildioxime in the minimum of 
freshly distilled boiling aniline; on cooling, ^-benzildioxime con- 
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taining aniline of crystallisation separates. The crystals are sucked 
as dry as possible, washed with dilute hydrochloric acid, which 
removes the aniline of crystallisation, then with water, and crystal¬ 
lised twice from alcohol, when the pure (3-dioxime is obtained. 

Methylation of (3 -BenziIdioxime .—Q-Benzildioxime was methylated 
with methyl sulphate in a similar manner as the a-eompound, and 
the oil obtained was extracted with as little ether as possible. The 
extract was washed several times with O^A-hydrochloric acid (to 
remove a trace of a basic compound which is simultaneously formed), 
dried, and saturated with dry hydrogen chloride; an oily hydro¬ 
chloride then separated. The ether was decanted and light petro¬ 
leum added. The additional hydrochloride thus obtained was 
added to the previous material and the whole was washed twice 
with small quantities of ether; the washings were added to the 
main bulk of the ether solution (B). The hydrochloride was decom¬ 
posed with concentrated aqueous ammonia. The oil thus obtained 
was washed with water by decantation and left in an evacuated 
desiccator over solid sodium hydroxide. It slowly became very 
viscous, and after treatment with ligroin and 10 minutes’ scratching 
it became pasty and finally solid (m. p. 83—89°). The ligroin 
washings, when allowed partly to evaporate at room temperature, 
deposited crystals (m. p. 88—90°). The solid (m. p. 83—89°) was 
heated with ligroin until it was on the point of melting, and the 
solution was then decanted and inoculated with a crystal of the 
above solid (m. p. 88—90°). This treatment was repeated with 
the residual semi-solid material until only a small quantity of dark 
oil remained. The extracts deposited an oil which solidified on 
keeping over-night. Fine needles projected from the solidified oil, 
and these melted at 90—92° and seemed to be identical with the 
compound, m. p. 88-—89°, described by Auwers and Meyer, On 
keeping for some time, however, they became opaque and then 
melted at 102—103 p . The solidified oil on crystallisation from 
ligroin gave the same product, m. p. 102—103°, which was (3-benzil- 
dioxime A r 0-dimethyl ether (Found: MeO, 10*3. Calc., lMeO, 
11*6%). Methylamine was detected as before in the hydriodie 
acid from the methoxyl determination. When (3-benzildioxime 
NO-dimethyl ether was heated with concentrated hydrochloric 
acid for \ hour under reflux, and the mixture was cooled, diluted, 
and extracted with chloroform, an oil was obtained which partly 
solidified on cooling in ice and scratching. The solid, after purifi¬ 
cation, was found to be y-benzilmonoxime O-methyl ether. 

The ether-light petroleum solution (B) was evaporated at 
room temperature, and the solid obtained, after being freed feom 
oil, was crystallised four times from alcohol; (3-benzildioxime 
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00-di-methyl ether was thus obtained, m. p. 72—73° (Found : MeO, 
21-4. Calc,, 2MeO, 23-1%). No methylamine was detected in the 
hydriodic acid residues, Methylation with methyl iodide and 
sodium methoxide as described by Auwers and Meyer gave the 
AO-dimethyl ether and the OO-dimethyl ether as above. 

Methylation of y-Benzildioxime .—The y-dioxime was suspended 
in sodium hydroxide (15 g. in 100 c.c.), and methyl alcohol (5 c.c.) 
added, followed by methyl sulphate (21 g.) in small portions with 
cooling. The oil which separated was removed with ether, and 
the extract was washed with 0*2A 7 -hydrochloric acid and treated 
with excess of light petroleum, which precipitated an oil (C). The 
mother-liquor was evaporated, the Oil taken up with a little ether, 
and light petroleum again added; an oil (D) was precipitated. 
On decanting the solution and evaporating, an oil was obtained 
which solidified on keeping in an evacuated desiccator for some 
days. This solid, after crystallising twice from methyl alcohol, was 
found to be y-benzilmonoxime 0-methyl ether. The oil (C), on 
keeping in an evacuated desiccator for some time, partly solidified. 
It was then pressed on a porous tile, and the yellow solid crystallised 
from ligroin and from acetone and water, when benzil was obtained. 
The oil (D), oh keeping, deposited crystals of y-benzilmonoxime 
0-methyl ether, but all attempts to obtain a solid from the remain¬ 
ing oil were unsuccessful. The formation of benzil and y-benzil¬ 
monoxime O-methyl ether suggests that AA- and AO-dimethyl 
ethers of y-benzildioxime are formed, but are very readily hydro¬ 
lysed. y-Benzildioxime was boiled in ether with methyl iodide 
and dry silver oxide, and the solution was extracted with 
2A-sodium hydroxide to remove unchanged oxime and evaporated. 
On keeping, the oil obtained deposited a few crystals (m. p. 145— 
157°), insufficient for further purification. All attempts to obtain 
a solid from the rest of the oil were unsuccessful. 

AitemfU to Prepare a-Benzilmonoxime N -Methyl Ether and 
f-Bmzildioodme WN-Dimethyl Ether >—a-Benzilmonoxime was treated 
with methyl sulphate and with methy l iodide without other addition 
and also in ether with diazomethane. The dry sodium salt of 
q-benzilm onoxime was boiled with ether and methyl iodide, and 
benzil was treated with p-methylhydroxylamine under various con¬ 
ditions. None of these methods met with success. Attempts were 
also made to methylate (3-benzildioxime with methyl sulphate and 
with methyl iodide without other addition, and in dry acetone 
solution, but no change was observed. 

The Ralph Forster Laboratories of Organic Chemistry, 

: |J 2 !UVERSITY College, London. {Received, July 21s*, 1025.] 
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CCCXCIX .—Studies of Dynamic Isomerism. Part XX. 
Amphoteric Solvents as Catalysts for the Mutarota - 
tion of the Sugars. 

By Thomas Martin Lowry and Irvine John Faulkner. 

1. In the preceding paper of this series (this vol., p. 1385), evidence 
was adduced to show that the mutarotation of the sugars is not 
due to a mere spontaneous tautomeric change, involving only the 
molecules of the sugar itself, but to a molecular rearrangement in 

Fig. 1. Fig. 2. 

Mutarotation of tetramethylglucose 

(a) in pyridine and water 0 

(b) in pyridine and cresol • h 



% Pyridine, 


which other constituents of the solution also play an essential 
part. Of the constituents which interact oatalytically with the 
sugar to bring about this rearrangement, water is the most im¬ 
portant, since it was already obvious in 1904, from Irvine's work 
on the methylated sugars, that the mutarotation is retarded enorm¬ 
ously, and in some cases may be almost stopped, by working in 
non-aqueous solvents. The opinion was therefore expressed (J., 
85 , 1566) that all the data then available could be interpreted by 
attributing the mutarotation to a process of “ hydrocatalysis ” of 
the sugar. • 

At that time, only one assertion could be made in 



2884 


LOWRY AND FAULKNER i - 

the mechanism of this hydrocatalysis, namely, that, since glucose 
hydrate exhibits just the same mutarotation as glucose itself, the 
change of structure which causes the changes of rotatory power 
could not take place during the initial hydration of the sugar, 
but must occur at some subsequent stage, e.g., by a molecular 
rearrangement or isomeric change in the hydrated sugar. A 
further consideration of the mechanism of mutarotation (this vol., 
p. 1371), especially in comparison with the mechanism of hydrolysis, 
led, however, to a much more definite suggestion, namely, that 
water probably acted as a catalyst for mutarotation in virtue of 
the fact that it possesses both acidic and basic properties, and 
that, in general, the essential condition for the mutarotation of 
a sugar is that the solvent should possess amphoteric properties. 
This conclusion has the advantage of providing an explanation 
of the well-known fact that acids and bases produce even higher 
velocities of mutarotation than water alone, and of the further 
fact (which was discovered in the course of our own experiments) 
that pyridine, which is a powerful catalyst in the presence of water, 
is not a catalyst at all for the mutarotation of tetramethyl glucose 
when used in the absence of water. 

2. experiments described in the present paper had their 
origin in the conception of the mechanism of mutarotation which 
is outlined above. The most important results of the experiments 
are to show: 

(i) That pyridine, which is inactive when dry, gives, when 
mixed with about twice its weight of water, a maximum 
velocity of mutarotation which is about twenty times as 
great as. the velocity for solutions of the same sugars (glucose 
and tetramethyl glucose) in pure water. 

(ii) That cresol, like pyridine, has no appreciable catalytic 
properties when water is not present, showing that acids and 
bases may alike be rendered ineffective if used in the absence 
of water. 

(iii) That mixtures of cresol and pyridine, each sufficiently 
dry to give only a negligible velocity of mutarotation, when 
mixed in the proportion of about 2 parts of cresol to 1 part 
of pyridine, are again about twenty times as active as water 
in promoting the mutarotation of tetramethyl glucose. 

It is, of course, possible to argue that perfectly dry pyridine 
and perfectly dry cresol would be incapable of producing muta¬ 
rotation; but this criticism, even if it could be vindicated by 
experiments on the effect of extreme drying, would not affect 
the present discussion, since it is clear that a mixture of pyridine 



STUDIES OJF DYNAMIC ISOMERISM. PART XX. 2885 

and cresol is able to do what neither solvent can do by itself, namely, 
to give a velocity of mutarotation which is far greater than in a 
solvent containing 100% of water. In other words, if a trace of 
water is essential (as it may be even in order to enable the acid 
and base to interact to form an unstable salt),* the intense activity 
of the mixed solvent is due to its pronounced amphoteric character, 
and not to a direct catalytic action upon the sugar of any minute 
trace of water which it may contain. 

3. It is interesting to notice the theoretical conclusions which 
follow from the experimental facts thus established, namely, (i) that 
(just as in the case of nitrocamphor) it is impossible for a proton to 
wander directly from one position to another within the molecule 
of the sugar, and (ii) that in order to effect this transfer, it is neces¬ 
sary to provide a medium into which a proton can escape from 
the sugar, and from which a proton can be provided to replace 
the proton thus lost by the sugar. 

These conclusions are supported by the fact that the only sub¬ 
stances which are now known to act as catalysts for the muta- 
rotation of the sugars are those which possess either acidic or 
basic properties, or both. Oxygenated solvents such as acetone 
and ethyl acetate, even when used in presence of water, retard 
rather than accelerate the mutarotation; and even their “ polar 55 
character and relatively high dielectric constants do not enable 
them to develop any catalytic activity. The mechanism of muta¬ 
rotation suggested above, which involves an interchange of protons 
between the sugar and the medium (just as in the interaction of 
an acid and a base) appears therefore to be the only one which is 
in accord with the experimental facts, and no alternative mechanism 
is yet known which can replace it. 

Experimental. 

4. The sugars were the same samples as those used in Part XIX. 
The solvents used were as follows: (i) Air-free distilled water, 
(ii) Pyridine (B.D.H. “ Extra Pure 5 ’) shaken twice with quick¬ 
lime for 24 hours and distilled, twice shaken with barium oxide 
and twice fractionated, giving about 800 c.c. boiling from 114*8° 
to 115*2° (corr.) from about 1 litre. The sample gave a residual 
velocity of mutarotation of tetramethyl glucose not greater than 
0*0004 in minute-units, (iii) o-Gresol (B.D.H., “for cineol-deter- 
minations ”) from a sealed flask was distilled immediately before 
use; when liquefied by the addition of a little benzene, and used 

* The melting-point curve for pyridine (m. p. —*41°) and o-cresol (m. p. 
30°) rises to a maximum at -fl°, in an equimoleeular mixture of tho acid 
and base (Bramley, J., 1916, 109, 476). 

■ 5 25* 2 ; ■ 
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as a solvent for tetramethyl glucose, it gave an arrest of muta- 
rotation during a period of 6 hours, followed by a slow change 
with a velocity coefficient of about 0*0005. m-Cresol (B.D.H., 
specially prepared) was redistilled and gave a velocity coefficient 
of 0*0003 only. 

5. Mutarotation-curves were plotted as follows : One gram of 
sugar was weighed out in a 20 c.c. flask, and the mixed solvent, 
previously made up by weight in another vessel, was added at 
zero time. The solution was transferred quickly to an air-dried 
polarimeter tube (2 dcm.), and readings were taken as soon as 
possible, namely, about 2 minutes from zero time in the case of 
water and pyridine, but about 5 minutes in the case of solutions 
rich in cresol, which were much more viscous. 

6. The experimental remits are summarised in Tables I, II, 

Table I. Table II. Table III. 

Mutarotation of Tetra¬ 
methyl Glucose in Mutarotation of Tetra- 
Mutarotation of Glucose in mixtures of Pyrid- methyl Glucose in 

mixtures of Pyridine and ine and Water at mixtures of Cresol 


Water at 20°. 

20°. 


and Pyridine at 20°. 

%h 2 o. 

k* 

%h 2 o. 

Jc. 

% Cresol. 

h. 

100 

0*015 

100 

0*0128 

100 t 

0*0003 

95 

0*140 

97*5 

0*099 

99 f 

0*027 

90 

0-258 f 

95 

0*177 

97*5 J 

0*060 

85 

0-274 

92*5 

0-219 

95 t 

0*082 

80 

0-282, 0-272, 0-269, 

90 

0-264, 0-261 

92*5 Mutarotation 


0-258 

85 

0-272 , 0-254 

to too rapid for 

70 

0-225, 0-277, 0-288 

80 

0-267 , 0-273 

55*0 measurement. 

65 

0-210 

75 

0-300 

52*5 

0*180 

60 

0-190 

70 

0-317,0-238 

49*9 

0*148 

50 

0-221, 0-236 

60 

0-318 , 0-291 

40*4 

0*067 

40 

0*186, 0*168 

50 

0-251 

21*1 

0*0168 

30 

0-106,0*100 

40 

0-203 , 0-179 

1*62 

0*0013 

20 

0*046 

30 

0*108 

0 

0*0003 

10 

0*012 

20 

0*040, 0*042 



0 

0*0008 

10 

0*0088 





0 

0*0003 




* fc = l/£.{log (a 0 — a^) — log (at — «„)}. In calculating this coefficient 
the time was always expressed in minutes . 

f Values shown in italics correspond with a half-change period of less than 
3 minutes and are not regarded as trustworthy. 

t w-Oresol was used for these four solutions, as o-cresol is solid at these 
concentrations. 

and 3H, and are represented graphically in Figs. 1 and 2. The 
individual readings have not been reproduced. A complete muta- 
rotation-eurve is therefore represented by a single monomolecular 
coefficient § in the tables, and by a single point on the curves. 

§ The evidence for the monomolecular character of the curves will be dis- 
ctyaged later in another paper. 
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Even under the most favourable conditions, the fastest muta- 
rotations for which fairly trustworthy data can be given correspond 
with a velocity coefficient of less than 0*2, since this velocity 
coefficient already corresponds with a half-change period of only 
2*3 minutes. Values greater than this are therefore shown in 
italics in the tables and are indicated only by a dotted line in 
Figs. I and 2. In the case of glucose, the mixtures which gave 
the highest velocities also gave cloudy solutions, which were difficult 
to read; but the general course of the curve can be inferred fairly 
accurately from the velocity coefficients for stronger and weaker 
solutions, for which much more concordant values were obtained. 
The mixtures rich in cresol suffered from the two-fold disadvantage 
that they were very viscous and showed only a relatively small 
change of rotatory power; the velocity-concentration curve for 
pyridine-cresol mixtures therefore includes a longer dotted section 
than the two curves for mixtures of pyridine and water. 

We desire to thank the Department of Scientific and Industrial 
Research for a maintenance grant to one of us (I. J. F.) during the 
period in which this research was carried out. 

University Chemical Laboratory, 

Cambridge. [Received, November 2nd , 1925.] 


CCCC .—Reactions of Organic Thiosulphates . 

By Henry Bell Footner and Samuel Smiles. 

Abundant evidence is available showing the instability of the 
disulphoxides, which are to be regarded as containing the thiol- 
sulphonate structure ’S’SCV (this voL, p. 224), and the ease 
with which their sulphur chain may be ruptured. To ascertain 
whether this type of reaction is exhibited by the thiosulphonate 
group under other structural conditions, the organic sodium thio¬ 
sulphates, which, owing to the work of Price and Twiss (J., 1907, 
91, 2021), may be confidently assumed to have the thiol-sulphate 
structure, RS'SO^ONa, have been examined. In aqueous solu¬ 
tion, these substances are very readily decomposed by sodium 
mercaptides and by alkali cyanide. The former reagent quickly 
yields at the ordinary temperature sodium sulphite and an in¬ 
soluble product composed of a disulphide or a mixture of disulphides, 
according to the mercaptide used, 

RS-SO a Na + NaSR' = RS’SR' + m 2 S0 3 . 

When R and R' are the same, this product is homogeneous 
and consists of a symmetrical disulphide, but when they are 
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dissimilar it is in most cases a mixture of the two possible 
symmetrical disulphides; only in a few instances has the un- 
symmetrical disulphide been isolated. This behaviour is closely 
parallel to that of the disulphoxides (J., 1924, 125, 176), 

RS-S0 2 R + R'SNa = RS*SR' + RS0 2 Na, 
and the formation of the mixture of symmetrical disulphides is 
adequately explained by the secondary reaction of the mercaptide 
with disulphide (Lecher, Ber., 1920, 53, 591) : 

RS-SR' + NaSR ^RS-SR + R'SNa. 

The organic thiosulphates are also quickly decomposed by aqueous 
alkali cyanide, more than 90% reacting thus : 

RS-S0 3 Na + NaCN = RSCN + Na 2 S0 3 . . 

The products are almost pure and, the yields being excellent, the 
method is well adapted to the preparation of thiocyanates when 
the corresponding thiosulphates are available. According to un¬ 
published experiments, the disulphoxides behave in a similar 
manner, 

RS-S0 2 R + NaCN = RS0 2 Na + RSCN, 
but are much less reactive. 

The interaction of mercaptans and di-p-toluenesuiphonyl sulphide 
(Troger, J. pr. Chem., 1899, 60, 117) has also been examined with 
similar results, 

(C 7 H 7 -S0 2 ) 2 S + 2RSNa = C 7 H 7 -S0 2 *SNa + C^-SOgNa + (RS) 2 , 
the sulphur chain being ruptured with formation of sulphinate 
and thiosulphonate together with the disulphide corresponding to 
the mercaptan used. 

According, then, to these experiments and others previously 
made with disulphoxides, the characteristic reactions of the thiol- 
sulphone group in substances of the type RS*S0 2 *X are mainly 
due to instability of the dithio-system; this group is readily split 
by alkali mercaptides and with varying ease by other reagents, 
the activity depending on the character of the group X. 

Experiments have also been made with the polythionates. 
Sodium dithionate is not attacked by alkali mercaptides, but the 
tri- and tetra-thionates are rapidly decomposed, the disulphide 
being formed in both cases. The trithionate is resolved into 
sulphite and thiosulphate, and the tetrathionate into thiosulphate; 
The completed reactions, 

'■W«AP« + SRSNa = (RS) a + Na 2 S0 3 + Na 2 S 2 0 3 

Na 2 S 4 0 6 + 2RSNa = (RS) 2 + 2Na 2 S 2 0 3 , 
may be regarded as analogous to the reduction of these substances 
by sodium amalgam. Strictly quantitative measurements have not 
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been made, but more than 90% of the materials undergo the reactions 
indicated. Whilst the constitution of the polythionates is undeter¬ 
mined nothing further can be said of the nature of these reactions 
but, bearing in mind the known behaviour of mercaptides with 
the dithio and thiolsulphone systems, the processes are, in the 
authors’ opinion, adequately explained by the structures proposed 
by Mendeleev for the polythionates. In this connexion, the close 
resemblance of the behaviour of the trithionate to that of ditoluene- 
sulphonyl sulphide is significant. 

Experimental. 

'Reaction of Organic, Thiosulphates with Sodium Mercaptides .— 
The benzyl and jp-nitrobenzyl thiosulphates used were prepared 
by Price and Twiss’s method (foe. cit.) and the 9-anthryl thio¬ 
sulphate by Friedlander’s ( Ber ., 1922, 55, 3969). The sodium 
mercaptide (1 mol.) and the thiosulphate (1 mol.) reacted rapidly 
in aqueous solution at the ordinary temperature. After 1 hour, 
the solution was neutral and contained sulphite with at the most 
only traces of sulphate. The yield of the precipitated disulphides 
generally exceeded 95%. The results from six of the cases examined 
are in the following table : 

. Mercaptan. Thiosulphate. Products. 

Benzyl. Benzyl. Benzyl disulphide, 99%. 

2-Nitrophenyl. Benzyl. Benzyl 2-nitrophenyl disulphide, 

99%. 

9-Anthryl. Benzyl. Dianthryl, dibenzyl, and anthryl 

benzyl disulphides. 

2-Nitrophenyl. 4-Nitrobenzyl. 2-Nitrophenyl and 4-nitrobenzyl di¬ 

sulphides. 

2 :5-Dichlorophenyl, 9-Anthryl. Dianthryl and tetrachlorodiphenyl 

disulphides. 

2-Nitrophenyl. 9-Anthryl. 2-Nitrophenyl and anthryl di¬ 

sulphides. 

The symmetrical disulphides named have been previously de¬ 
scribed. 

Benzyl 2-nitrophenyl disulphide separated from alcohol in yellow- 
needles, m. p. 54° (Pound : N, 5-4; S, 23-3, C 13 H u 0 2 NS 2 requires 
N, 5-05; S, 28*1%}. The melting point of an equimolecular 
mixture of the two symmetrical disulphides was lowered by 
admixture with this substance. 

Benzyl 9-anthryl disulphide was isolated from warm alcohol in 
yellow prisms, m. p. 128°. When it was mixed with equimolar 
proportions of dibenzyl and dianthryl disulphides its melting 
point was lowered (Found: C, 75-5; H, 4-4; S, 19-5. C 21 H 16 S 2 
requires C, 75*9; H, 4-8; S, 19*3%). 

Reaction of Organic Thiosulphates with Alkali Cyanide. —On 
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mjying aqueous solutions of potassium cyanide and the thio¬ 
sulphate (equal mols.) reaction quickly ensued. It was completed 
by keeping the mixture for various periods, generally | hour, or 
was assisted by maintaining the temperature at about 30°. The 
yield of thiocyanate, which separated practically pure in most 
cases, was almost quantitative and a corresponding amount of 
sulphite was found in the aqueous liquor. In this way, the following 
thiocyanates were isolated. 

Benzyl thiocyanate, m. p. 41° (Found : N, 9*7; S, 21*3. Calc., 
N, 9*4; S, 21*5%). 

2-JSTitrobenzyl thiocyanate, m. p. 71° (Found; N, 14*7. Calc., 
N, 14*4%). Cassira (Ber., 1892, 25, 3028) gives the m. p. of this 
substance as 75°. 

4t-Nitrobenzyl thiocyanate , colourless prisms, m. p. 79°, from 
warm alcohol (Found: N, 14*1; S, 16*4, C 8 Bl 6 0 2 N 2 S requires 
N, 14*4; S, 16*5%), 

9-Anthryl thiocyanate , pale yellow needles, m. p. 181°, from 
hot alcohol (Found: N, 6*4; S, 13*4. C 16 H 9 NS requires N, 6*5; 
S, 13*6%). 

Reaction of Di-^4oluenesulphonyl Sulphide with Mercaptans .— 
An alcoholic solution of the mercaptide (2 mols.) and the sulphide 
(1 mol.) containing 5 g. in 100—150 c.c. was warmed on the water- 
bath and the solvent was then evaporated, water being added 
towards the completion of the process. The insoluble product, 
in all the cases examined, was the disulphide corresponding to 
the mercaptan taken. The solution, containing sulphinate and 
thiosulphonate, was acidified and gently warmed to decompose 
the latter; after the addition of aqueous sodium carbonate the 
coagulated sulphur was collected, and the filtrate again rendered 
acid. The liberated sulphinic acid was in each case ^-toluene- 
sulphinic acid. 

The disulphides obtained in this way from 2 :5-dichlorophenyl, 
6-methoxy-m-tolyl, and 3-ehloro-6-methoxyphenyl mercaptans were 
identified by comparison with authentic samples from other sources. 

Reaction of Sodium Tetrathionate with Mercaptides. —A typical 
experiment was as follows. A solution of 5 g. (2 mols.) of 6-methoxy- 
m-tolyl mercaptan in a small volume of alcohol was exactly neutral¬ 
ised with aqueous sodium hydroxide and added to a stirred solution 
of 7*5 g. (1 mol.) of sodium tetrathionate in 200 c.c. of water. The 
disulphide separated at once, but the mixture was kept for an 
hour before the solid was collected. The filtrate contained thio¬ 
sulphate but no sulphite. Determinations of the iodine value 
weire made and the roughly quantitative data obtained agreed 
well with the equation previously given ; e.g, (a) 6-methoxy- 
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ra-tolyl mercaptan: I value, 92%; disulphide, 97% of theory, 
(6) 3-chloro-6-methoxyphenyl mercaptan: I value, 95%; di¬ 
sulphide, 95%, (c) 2 :5-dichlorophenyl mercaptan : I value, 98%; 
disulphide, 99%. 

Reaction of Sodium TritTiionate with Mercajptans .—The method 
of experiment was the same as the preceding. With benzyl, 
6-methoxy-m-tolyl, and 2 :5-dichlorophenyl mercaptans, the di¬ 
sulphides were isolated in 99—100% of the yields required by the 
equation previously given, whilst the approximate iodine values of 
the filtrates were about 90%. Estimation of the sulphite in the 
case of 6-methoxy-m-tolyl mercaptan showed 99—100% of the 
theoretical amount of this salt to be present in the aqueous liquor. 

We desire to thank the Department of Scientific and Industrial 
Research for a grant which enabled one of us to take part in this 
work. 

King’s College, London. [Received, November %rd, 1925,] 


COCCI .—Observations on the Claisen Reaction . 

By Gilbert T. Morgan and Eusebius Holmes. 

Until recently the condensation of the higher methyl monoketones 
with esters under the influence of sodium had only been investigated 
up to the homologues containing the radicals %-hexyl and w-nonyl. 
The present investigation was undertaken to find out where, and 
if possible why, the reaction stopped whe$ applied to methyl 
ketones containing also one of the higher alkyl radicals. 

The nomenclature throughout this paper is based on the following 
condensation with ethyl acetate: 

CnlW 1 -CO*OH S ^CO-OHg-OO-CHg. 

It is shown that, under the conditions stated, the reaction proceeds 
quite normally from n = 7 to n 19, a satisfactory yield of 
1:3-diketone being obtained in every case. 

The general method of procedure has been to convert the cor¬ 
responding fatty acid into its barium salt and to distil this with 
three molecular proportions of anhydrous barium acetate in a 
specially constructed flat vacuum pan (Morgan and Holmes, J. 
Soc, Chem. Ind., 1925, 44, 108t). The crude product was purified 
and subjected to the Claisen condensation with sodium and ethyl 
acetate, the sodium salt of the enolie form of the p-diketone being 
treated with acetic acid and the liberated diketone precipitated 
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and purified as its eo-ordinated copper derivative. The acids 
where n = 10,12,14,18, were obtained by oxidising 
the methyl ketone from the next higher naturally occurring acid, 
to give acetic acid and the required acid, from which mixture the 
latter was isolated as its relatively insoluble barium salt. 

The copper salts of the (3-diketones are blue, as are the lower 
members of the series, but the colour becomes less pronounced as 
the homologous series is ascended. The diketones from n = 7 
to 19 have been obtained as solids at the ordinary temperature, 
whilst the monoketones from n = 10 upwards are colourless solids 
with progressively higher melting points. 

Since this work originally arose out of the researches on cyclic 
tellurium compounds of bactericidal potency, it is of interest to 
note that Mr. C. J. A. Taylor (this vol., p. 2615) has found it possible 
to prepare c^cZotelluropentanedione dichlorides reducible to bacteri¬ 
cidal ci/cZotelluropentanediones in the case of the following diketones, 
all of which are described in the present paper ; ti-octoylacetone, 
n-nonoylaeetone and n-duodecoylacetone (lauroylacetone). These 
are the only ones so far condensed with tellurium tetrachloride, 
but it appears probable that the whole of the series would give 
similar results. 


Experimental. 

In the case of the lower members of the series, n = 9 and below, 
the procedure was as described below in the case of %-oetoylacetone. 
For the higher members, three to nine mols. of the ester were 
employed, no preliminary cooling being necessary. After heating 
under reflux for from 4 to 5 hours, the mixture was poured on to 
ice as before. 

The mixtures were then neutralised with acetic acid, and satur¬ 
ated cupric acetate was run in. In most cases, the copper salts 
of the diketones were precipitated at once, but for the higher 
ones, n — 15 and upwards, it was found necessary to add alcohol 
to bring the reagents together. 

The free diketones were obtained by treating the copper salts 
with dilute sulphuric acid in the presence of ether, which was 
subsequently removed. The lower diketones were purified by 
vacuum distillation, the higher ones by crystallisation from alcohol. 

, n-Octoylacetone. —n-Heptyl methyl ketone (35 g.), obtained by 
the dry distillation of barium w-octoate with barium acetate (3 
mols.), was added to ethyl acetate (2*5 mols.), the mixture cooled 
, to 0°, and sodium (1 atom.) added in the form of thin slices. After 
12 hours, the mixture was heated under reflux for 3 hours, allowed 
to cool, and poured on to ice. The liquid was then made very 
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slightly acid with dilute acetic acid, and the oily layer of liberated 
diketone precipitated with a saturated solution of cupric acetate. 
After being stirred at intervals for | hour, the precipitate was 
collected and washed with a little water and cold alcohol. A 
yield of 26 g. represented 47-8%. Two subsequent batches gave 
yields of 41*0 and 48-6%, respectively. 

Crystallised successively from alcohol and benzene, the copper 
salt was obtained in pale blue needles and melted at 118°. 

The salt (0*5 g.) was shaken with a few c.c. of dilute sulphuric 
acid in the presence of a little ether. The acid layer was separ¬ 
ated, and a water washing of the ether layer added. The copper 
was precipitated by means of caustic potash, and weighed as the 
oxide (Found: Cu, 14*6; C, 61-6; H, 8*85. Co 2 H 38 0 4 Cu requires 
Cu, 14*8; C, 61*45; H, 8-8%). 

The w-octoylaeetone recovered from the copper salt had the 
characteristic odour of the p-diketones of this series, and boiled at 
248°/755 mm. and 118°/5 mm. 

n-Nonoylacetone .—A quantity of the corresponding ketone from 
a reputed pure specimen of barium pelargonate (23 g.) was added 
to 37 g. of pure dry ethyl acetate, and 3-8 g. of sodium were added 
to the cooled mixture. The copper salt of a diketone was obtained 
by the general method and weighed 26*3 g., a yield of 68*8%. 
Recrystallised from benzene, it melted at 107°, and was of the 
expected pale blue colour (Found : Cu, 13-9. C M B^ 8 0 4 Cu requires 
Cu, 13*9%). 

Since the above melting point was not in accord with those of 
the other members of the series, and, furthermore, other dis¬ 
crepancies arose when the diketone was condensed with tellurium 
tetrachloride, another specimen of pelargonic acid was obtained 
and the reactions were repeated. Again the copper salt of a diketone 
was obtained, purified, and analysed (Found: Cu, 13*75; C, 
63*05; H, 9*4. Theory requires Cu, 13*9; 0, 62*9; H, 9-2%). 

This specimen melted at 115*5°, a value bringing it in line with 
its homologues. It appears probable that the earlier specimen of 
acid contained an acid isomeric with pelargonic acid but having a 
branched chain remote from the carboxyl group. 

The ?i-nonoylacetone recovered from the copper salt boiled at 
150°/15 mm. 

n«Decoylacetone ~This diketone has been described (Morgan and 
Holmes, J., 1924, 125, 760; J. Pharm. Soc June 14, 1924). 

n*Undecoylacetme. —w-Decyl methyl ketone, obtained from the 
corresponding undecoic acid, which was itself prepared by the 
ketone and acidified dichromate degradation of lauric acid, 
was condensed with sodium and ethyl acetate (6 mols.). The 
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yield of copper salt was 3-9 g. (70%). After crystallisation from 
benzene the salt melted at 112° (Found: Cu, 12*4; C, 65*6; H, 
10*0. C 28 H 6 o0 4 Gu requires Cu, 124; C, 654; H, 9*7%). 

The free diketone was obtained as a colourless solid melting at 
28°. 

n -Duodecoylacetone (Lauroylacetone). —Three separate batches of 
the monoketone obtained from lauric acid were condensed with 3, 
6, and 9 molecular proportions of ethyl acetate, respectively, the 
period of refluxing being extended to 4 hours. The yields of 
copper diketone from 5 g. of ketone were 2*6 g., 345 g. (50*2%), 
and 3-40 g., respectively. It appears that the optimum yield of 
rather more than 50% was reached by using 6—8 molecular pro¬ 
portions of ester in the condensation. The pure salt melted at 
112-5° (Found: Cu, 11-7; 0,66-6; H, 10-3. C^H^Cu requires 
Cu, 11-7; C, 66-5; H, 10-0%). 

The free diketone was a colourless solid of melting point 31—32°. 

n- Tridecoylacetone .—Myristic acid was converted into the barium 
salt and dry-distilled with barium acetate. The resulting methyl 
ketone was then oxidised with acid sodium dichromate to give 
the next lower acid, which, on subsequent distillation of its barium 
salt, gave the duodecyl methyl ketone. This (5 g.) was condensed 
with ester to give 3-7 g. of the copper diketone , a yield of 54%. 
The pure salt melted at 111° (Found: Cu, 11-2. C 32 H 68 0 4 Cu 
requires Cu, 11-2%). 

The pure diketone obtained from the copper derivative was a 
colourless solid melting at 35°. It had scarcely any odour and 
gave the red ferric coloration with alcoholic ferric chloride only on 
warming (Found: C, 754; H, 11*7. CjgH^Og requires C, 75*6; 
H, 11*8%). 

n-Tetradecoylacetone (Myristoylacetone ).—Five g. of the ketone 
obtained from myristic acid were subjected to the Claisen reaction, 
giving 3*42 g. of copper salt (yield 52%) which, after crystallisation 
from alcohol and from benzene, melted at 112° (Found : Cu, 10*5. 
C^Hg^Cu requires Cu, 10-6%). 

The free diketone melted at 39° (Found: C, 76-1; H, 12*3, 
C 17 H 32 0 2 requires C, 76-1; H, 11-9%). 

n-Pentadecoylacetone. —?i-Tetradecyl methyl ketone was prepared 
from palmitic acid by the general degradation process. Condensed 
with ethyl acetate, it gave 2*25 g. of the copper diketone, , a yield 
of 35%. The purified salt melted at 111° (Found: Cu, 10*5. 
C 36 H e6 0 4 Cu requires Cu, 10*2%). 

The colourless diketone melted at 42° (Found: C, 764; H, 
12*0. C^B^Og requires C, 76*6; H, 12*1%). 

n-Heccctdecoylacetone (Palmitoylacetone) .—n-Pentadecyl methyl 
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ketone (5 g.) obtained from palmitic acid was condensed with 
ethyl acetate (7 mols.) by the general method, the time of refluxing 
being raised to 5 hours. The copper salt (yield 2*2 g.; 34%) 
after purification melted at 112° (Found: Cu, 9-6. C 38 H 70 O 4 Cu 
requires Cu, 9*7%). 

The decomposition of the copper salt by dilute sulphuric acid 
in presence of ether took an excessive time. Accordingly, in this 
case and in the case of all the higher members of the series, the 
copper derivative was suspended in water, an equal volume of 
concentrated acid added, and the mixture allowed to cool before 
being extracted with ether. 

The free diketone crystallised from alcohol in colourless plates, 
m. p. 49° (Found: C, 76*8; H, 12*3. C 19 H 36 0 2 requires C, 77*0; 
H, 12*2%). 

n-Heptadecoylacetone (Margaroylacetone). —The condensation of 
the ketone (5 g.) obtained from margaric acid was carried out with 
3, 6, and 9 mols. of ester, respectively, the time of refluxing being 
5 hours. The yields of copper salt were 0*35 g., 1*7 g. (27%), and 
1*4 g., and of recovered ketone, 4*0 g., 2*5 g., and 2*9 g., respectively. 
In each case, a small amount of copper margarate was produced. 
The copper salt of the diketone was washed with cold ether. The 
unchanged ketone was then separated from the copper margarate 
in the washings by acidification, treatment with barium acetate, 
and filtration of the insoluble barium salt. 

The pure copper salt melted at 112° (Found: Cu, 9*3. C 40 H 74 O 4 Cu 
requires Cu, 9*3%), and the free diketone at 51° (Found : C, 77*3; 
H, 12*3. C a0 H 38 O 2 requires C, 77*4; H, 12*3%). 

n«Gctadecoylacetone (Stearoylacetone ).—In a repetition of previous 
work, 10 g. of n-heptadecyl methyl ketone were condensed with 
ethyl acetate (35 mols.) and sodium, and 0*75 g. of copper diketone 
was obtained on adding cupric acetate and alcohol to the reaction 
mixture (yield 6%). With 8 mols. of ester, 6*9 g. of copper salt 
were obtained (yield 55%). No diketone copper salt was ever 
obtained until alcohol was added to the reaction mixture, this 
accounting for some of the earlier negative results. The purified 
salt melted at 113° (Found: Cu, 9*0. C 42 H 78 0 4 Cu requires Cu, 
9*0%). 

The free diketone crystallised from alcohol in colourless plates, 
m. p. 52*5°, and gave a red coloration with alcoholic ferric chloride 
on warming (Found: C, 77*5; H, 12*4. C 21 H 40 O 2 requires C, 
77*8; H, 12*35%), 

n-Nonadecoylacetone .—n-Octadecyl methyl ketone was obtained 
from the acid by the general degradation process. Condensing 
with ethyl acetate gave a 32% yield of a copper dikeione^ some 
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unchanged ketone being recovered. The pure salt, crystallised 
from benzene, melted at 112-5° (Pound ; Cu, 8*6. C 44 H 82 0 4 Cu 
requires Cu, 8*6%). 

The recovered diketone consisted of thin plates, m. p. 55° (Found : 
C, 77*9; H, 12-5. C 22 H 42 0 2 requires C, 78*1; H, 124%). 

i\-Eicosanoyla,cetone .—Potassium erucate was fused with caustic 
potash, giving acetic acid and the normal acid, eicosanic acid. 
After purification, this was converted into its barium salt, which 
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was then distilled with barium 
acetate. The n-nonadecyl methyl 
ketone obtained was condensed 
with ethyl acetate in the general 
manner to give the corresponding 
copper derivative, 5 g. yielding 
1-75 g. (284%). Crystallised from 
benzene, the salt melted at 114° 
(Found: Cu, 8*15. C 46 H 86 0 4 Cu 
requires Cu, 8*3%). 

The free diketone melted at 57° 
(Found: C, 784; H, 12*6. 
CggH^Oa requires C, 78*4; H, 
12-5%). 

In the diagram, curve I shows 
a noteworthy change in the fusi¬ 
bility of copper |3-diketones with 
lengthening of the carbon chain. 
Curves II and III indicate the 


boiling points of the lower diketones and the melting points 
of the higher diketones, respectively. 


The authors desire to thank the Advisory Council for Scientific 
and Industrial Research and the Birmingham University Research 
Committee for grants which have helped to defray the expense of 
this investigation. 

University 01? Birmingham, 

Ebgb aston. [Received, November 4 ih, 1925.] 


0CCCII .—The Relation of Homogeneous to Catalysed 
Reactions. The Catalytic Decomposition of Hydro¬ 
gen Iodide on the Surface of Platinum. 

By Cyril Norman Hinshelwood and Robert Emmett Btjrk. 

Che results of several previous investigations (this vol., pp. 327, 
1105, 1552; Proc. Roy. Soc 1925, A, 108, 211) have rendered 



DELATION OF HOMOGENEOtJS TO CATALYSED BEACTIONS. 2897 

probable the conclusion that simple gaseous decompositions, which 
as homogeneous reactions are bimolecular, become unimolecular 
when they take place in contact with the surface of a solid catalyst. 
Thus, for example, the thermal decomposition of nitrous oxide, 
2N 2 0 = 2N a + 0 2 , as an uncatalysed reaction depends upon the 
collision of two molecules, but the reaction which takes place upon 
the surface of gold appears to be simply N 2 0 = N 2 + O, followed 
by the combination of atomic oxygen to the molecular form. The 
decompositions of nitrous oxide on the surface of platinum, and 
of ammonia on the surface of platinum have also been shown to 
be unimolecular. 

It is not always possible to decide from measurements of reaction 
rate whether a catalytic reaction is unimolecular or bimolecular. 
If the active surface of the catalyst is completely covered with 
adsorbed molecules—‘ saturated 3 —then the reaction rate is inde¬ 
pendent of the pressure of the gas. The reaction appears to be of 
4 zero order. 5 When, on the other hand, the adsorption is small, 
the chance of a group of n molecules occupying positions on the 
surface near enough for interaction to be possible ’is proportional 
to the nth power of the total number adsorbed, and this in turn 
to the nth power of the pressure of the gas. The 4 order 3 of the 
reaction obtained from kinetic measurements gives under these 
conditions the number of molecules actually participating in the 
decomposition. An intermediate condition is possible, when the 
adsorption is neither very large nor quite small, where a bimole¬ 
cular reaction might simulate a unimolecular reaction over a small 
range of pressure. But if the reaction order appeared to be unity 
by a coincidence of this kind, it would vary very markedly both with 
pressure and with temperature, as may easily be seen. This state 
of affairs would readily be detected, and the results discounted* 
so that in general we may say that unless the reaction order is 
zero it gives the number of molecules participating in the 
change. 

The decomposition of ammonia on tungsten, and of hydrogen 
iodide on gold are both approximately of order zero; consequently 
we cannot conclude how many molecules are involved. The 
homogeneous decomposition of hydrogen iodide is one of the best 
known bimolecular reactions. We were anxious therefore to find 
a catalyst at the surface of which the true order of the hetero¬ 
geneous reaction could he found. Platinum fulfils these con¬ 
ditions. The reaction takes place in the simple unimolecular 
manner, HI = H + I, followed by the combination of atomic 
hydrogen and iodine to form molecules. 

This illustrates once more the fundamental importance in hetero- 
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geneous catalysis of the affinity which metal surfaces possess for 
free atoms. 

Method of Experiment .—The hydrogen iodide was prepared by 
the action of phosphoric acid on potassium iodide and purified 
by fractional distillation from liquid air, the middle fraction being 
collected in evacuated blackened glass holders. 

The decomposition was allowed to take place at the surface 
of a heated platinum wire and measured exactly as described for 
the corresponding experiments with a gold wire (this vol., p. 1552). 
The reaction vessel was kept in ice. Since the iodine condensed, 
the reaction 2HI = H 2 + I 2 is attended by a decrease in pressure 
which allows the rate to be measured by simple manometric means. 

That the action of the platinum wire was 6 catalytic,’ and 
that the wire was not attacked by the iodine was shown by the 
fact that the theoretical change in pressure was observed after 
complete decomposition, and by the fact that the resistance of 
the wire remained absolutely unchanged during the whole series 
of experiments. Its catalytic activity, moreover, remained steady. 
The mercury in the manometer was protected from the action of 
the hydrogen iodide by a buffer of hydrogen in the capillary tube 
leading to the decomposition bulb. 

Influence of the Pressure of the Hydrogen Iodide .—Three typical 
experiments showing the course of the reaction at different tem¬ 
peratures will first be recorded: t is the time in seconds, x the 
percentage change, and h the unimolecular velocity coefficient. 



670°. 



563°. 



439°. 


200 Mm. 

HI. 

200 Mm. HI. 

200 Mm. HI. 

100 Mm. 

h 2 . 

100 Mm. H 2 , 

100 Mm. H a . 

t. 

X. 

h x 10 4 . 

t. 


h X 10 4 . 

t. 

X. 

h x 10* 

100 

22 

24-9 

120 

12 

10-6 

600 

13 

2-32 

200 

41 

26-4 

300 

27 

10-3 

1200 

26 

2-50 

300 

56 

27-4 

600 

47 

10-6 

1800 

38 

2-65 

400 

64 

25-6 

900 

61 

10-5 

2400 

45 

2-49 

500 

72 

25*5 

1200 

71 

10-4 

3300 

55 

2*42 

600 

76 

24-0 

1500 

78 

10-1 

4200 

6000 

63-5 

74-5 

2*40 

2-28 


The influence of the pressure of the hydrogen iodide is shown 
by the following values found at 563°. 100 Mm. of hydrogen were 
present in each experiment. 


Press, of HI (mm.) ......... 100 200 300 

h ... 0-00118 0-00105 0*00095 


The values of h are sufficiently independent of pressure to show 
that the reaction is unimolecular. The slight dropping off was 
traced to the circumstance that hydrogen has a small but definite 
retarding effect on the reaction. When the initial pressure of 
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hydrogen iodide is great, the pressure of hydrogen at every stage 
of the reaction is greater than when the initial pressure of hydrogen 
iodide is small. The slight falling off in rate due to the adsorption 
of hydrogen by the wire is shown by the following table, 200 Mm. 
of hydrogen iodide were used in each experiment. 


Press, of H 2 (mm.) . 0 100 200 

k (average) . 0-00126 0-00106 0-00092 

The Influence of Temperature .—This is shown in the following 
table. The values of k are those corresponding to a hydrogen 
pressure of 100 mm. 

T( abs.) . 943° 836° 712° 

k . '.. 0-00268 0-00105 0*000244 

E (cals.). 13,700 13,850 


Mechanism of the Reaction .—We suggest the simplest possible 
interpretation of the results, namely, that the reaction at the 
surface of the platinum is the simple change HI — H + I. The 
apparently unimolecular course could be explained in another 
way by assuming that there existed one complete layer of hydrogen 
iodide molecules on the surface of the catalyst and that reaction 
took place when a molecule from the gas phase struck one of the 
molecules in this layer. There are, however, several vital objec¬ 
tions to this. First, there is abundant evidence to show that 
where two molecules interact in heterogeneous reactions they 
must in general both be actually adsorbed. This is shown by 
the fact that in reactions where A and B interact excess of either 
A or B can actually retard the reaction by displacing the other 
from the surface. Secondly, if there is a complete layer there is 
no reason why the molecules in it should not react among them¬ 
selves instead of waiting for impacts from the gas phase. Thirdly, 
if the heterogeneous reaction depended upon impacts from the gas 
phase, the rate could never become independent of pressure as it 
does when it takes place at the surface of gold. 

Attention may be direoted to one further point of interest which 
emerges from these experiments. The retarding effect of hydrogen 
on the reaction is but slight. When the catalytic decomposition 
of ammonia was investigated on the same wire—and actually at a 
higher temperature—it was found to be retarded in a most pro¬ 
nounced manner by hydrogen. It cannot be argued that hydrogen 
iodide is too strongly adsorbed to be displaced by hydrogen whilst 
ammonia is easily displaceable, because the course of a unimole¬ 
cular reaction can be revealed only when the adsorption is small. 
Hence we must conclude once more that different reactions are 
provoked at different points (* active centres ’) on the catalytic 
surface. - 
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Summary. 

In continuation of a general investigation of the influence of 
catalytic surfaces on reactions which in the homogeneous gas 
phase are bimolecular, it has been shown that the thermal decom¬ 
position of hydrogen iodide in contact with platinum is kinetically 
unimoleeular. Reasons are given for believing that this proves 
the decomposition to take place in the simple manner HI = H + I. 

Physical Chemistry Laboratory, 

Balliol College and Trinity College, 

Oxford. * [Received, November 6th, 1925.] 


CCCCIIL —Oxidation of Ethyl Ether to Oxalic Acid in 
Presence of Uranyl Nitrate. 

By Sydney William Rowell and Alexander Smith Russell. 

When uranyl nitrate dissolved in ether is exposed to sunlight in 
presence of water a yellow precipitate sometimes forms in the 
aqueous layer, especially after the solution has been standing in 
the light for some days; at other times, a black, slimy mass forms 
in the aqueous layer. These compounds are the subject of the 
present investigation. There is only one reference in the literature 
to the composition of the yellow compound (Soddy, “ Chemistry 
of the Radioelements,” 1911, p. 32). Soddy found that a yellow 
powder of empirical formula UCH 4 0 6 remained after distilling the 
ether from an ethereal solution of uranyl nitrate. On decomposition, 
tills compound formed a basic carbonate which lost carbon dioxide 
and water at 200—300°, 

Experimental. 

Preparation of the Yelbw Gompomid .—In a typical experiment, a 
mixture of 60 g. of ethyl ether, 60 g. of uranyl nitrate and 20—60 
g. of water, after being shaken until the nitrate dissolved, was 
exposed to bright sunlight for periods up to 24 hours. The ether 
was then removed by distillation at as low a temperature as possible, 
and the aqueous solution evaporated. On cooling, there separated 
a yellow compound mixed with uranyl nitrate which was freed 
from the latter by washing with cold water, in which the former 
was comparatively insoluble. The yield was poor and rarely 
exceeded 12 g. The yellow compound was found to be identical 
in properties with the normal hydrated oxalate of uranium, 
UO^O^HgO (Found: U, 60-5; C 2 0 4 , 22*2 ; H 2 0, 9*7 ; 0, 6*1; 
H, L2. CaK, JJ, 60*4; C a 0 4 , 22;3; tt>0, 9*1; C, 6*1; H, 1*0%), 
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Uranium was determined gravimetrically as U 3 0 8 , and oxalate 
volumetrically. 

Formation of a New Basic Oxalate of Uranium .—In a few of the 
above experiments the compound which resulted appeared different 
from the normal oxalate; it had a lighter yellow colour. It gave the 
usual reactions of an oxalate (Found: U, 68*0; C 2 0 4 , 12*0%). 
The basic oxalates which correspond with the normal oxalates 
would be U(0H) 4 ,U0 2 C 2 0 4 ,2H 2 0 and U0 2 (0H) 2 ,U0 2 C 2 0 4 ,2H 2 0, 
depending whether the uranium in the hydroxide is quadri- or 
sexa-valent. The former of these contains U, 68*0; C 2 0 4 , 12-6% 
and the latter U, 68*2; C 2 0 4 , 12*6%. Either of these might be the 
compound analysed above. Since the compound U(OH) 4 is stabler 
than U0 2 (0H) 2 , we are inclined to prefer the first formula. It 
may be written UCH 4 0 6 , which is identical with that of 
Soddy’s product. The formula of the other product, so written, 
differs, however, only by a single hydrogen atom. There is no 
doubt that a basic oxalate is formed by the interaction of uranyl 
nitrate and ether in the presence of sunlight and it is probable that 
Soddy’s product was this oxalate. 

Formation of Uranous Hydroxide .—We find that when uranyl 
nitrate in solution in ether is neutralised so that a precipitate is 
just not formed and exposed to sunlight for periods of a few hours, 
there settles from solution a black or greenish-black, slimy preci¬ 
pitate which accompanies the basic and normal oxalates. It is not 
formed in solutions of uranyl nitrate containing free nitric acid. 
It resembles the product obtained by adding ammonia to a solution 
of a uranous salt, namely U(OH) 4 , and this composition was con¬ 
firmed by analysis (Found: U, 78*0. Calc,, U, 77*8%), These 
observations are in agreement with the work of Aloy and Rodier 
{Bull. Soc. chim 1920, 27, 101; 1922, 31, 246), and of Aloy and 
Valdigui6 (ibid., 1925, 37, 1135), who found that in neutral solution 
uranium salts on exposure to sunlight in the presence of certain 
organic compounds yield a black or a violet precipitate, the former 
being uranous hydroxide and the latter of composition U 3 0 8 ,2H 2 0 5 
through partial reduction of the uranyl salt. It is evident from 
these results that the composition of these lower oxides, like that 
of the oxalates, varies with the conditions in which they are formed. 

Suggested Mechanism of the Reaction .—In the absence of sunlight, 
none of the products described above is formed. Exposure to 
sunlight is therefore essential to the reactions. The oxalates 
formed are not oxidation products of an impurity in the ether, for 
the most carefully purified ether gave the oxalate, and addition of 
alcohol, the most likely impurity, did not increase the yield. More¬ 
over, no oxalate resulted when alcohol replaced ether in the solution 
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of uranyl nitrate, although we found, as Aloy and his co-workers 
did, that it favours the formation of a hydroxide of uranium in neutral 
solution. No oxalate was obtained when other uranyl salts replaced 
the nitrate. Ebelman (Ann. Chim. Phys., 1842, 5,198) first pointed 
out that solutions of the uranyl salts of strong acids were changed 
by sunlight in presence of an oxidisable compound, acquiring a 
green colour which we now know to be due to uranous salts, and 
this work has been greatly extended by Aloy and co-workers ( loc. tit.). 
On their view, if A be an acceptor of oxygen, e.g., alcohol, and uranyl 
nitrate the salt considered, the reaction proceeds in sunlight as 
U0 2 (N0 3 ) 2 -f 2HNO s + A = U(NO s ) 4 -f H 2 0 -f AO in presence of 
a sufficiency of nitric acid. If sufficient acid be not present, it is 
to be expected that some uranous hydroxide would be formed, and 
this is what we have found. When ether is the acceptor, it is 
oxidised finally, we find, to oxalic acid. In presence of uranyl ion 
and free nitric acid, this would be expected to form the normal 
oxalate as it does; in presence of insufficient acid, a mixture of the 
normal oxalate and uranous hydroxide or a compound of these 
would be expected to form. We find the latter. 

The manner of oxidation of ether to oxalic acid has not been 
previously considered in the literature. We suggest the following. 
Ether is oxidised to diglycol when the uranyl is reduced to the 
uranous ion by sunlight. Part of the diglycol is oxidised by nitric 
acid to diglycollic acid and part hydrolysed to glycol, which is then 
further oxidised by nitric acid to oxalic acid, thus; 


Ether —> diglycol 


diglycollic acid. 


glycol —> oxalic acid. 


It is, of course, known that diglycol is oxidised by nitric acid 
partly to oxalic acid but mostly to diglycollic acid. It has not yet 
been possible to test this scheme by showing the presence of either 
diglycol or diglycollic acid. 


A generous grant from the Caird Fund of the British Association 
provided the materials of this research. 

Dr. Lee’s Laboratory, 

Christ Church, Oxford. 


[Received, November 23 rd, 1926.] 
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CCCCIV .—Polymerisation of fi-Glucosan, The Cons¬ 
titution of Synthetic Dextrine . 

By James Colquhoun Irvine and John Walter Hyde Oldham. 

One method of appioach to the constitutional problems of the 
polysaccharides is through the study of anhydro-hexoses, and the 
discovery by Pictet and his collaborators that (3-glucosan can be 
prepared conveniently by the dry distillation of starch acquires 
a special importance in this connexion. 1 : 6-Anhydroglucose has 
in this way been rendered available in quantity and its properties 
have been examined in detail by Pictet and others. One of the 
most striking of the new observations is that the compound is 
readily polymerised, the reaction ^(C 6 H 10 O 5 ) —>(C 6 H 10 O 5 ) n pro¬ 
ceeding readily when (3-glucosan is heated, either alone or in the 
presence of catalysts. Thus, when fused with platinum black, 
glucosan is converted into an amorphous powder, to which the 
formula (C 6 H 10 O 5 ) 4 applies, and this displays the general properties 
of a dextrin, yielding glucose on hydrolysis (Pictet, Helv. Ghim . 
Acta, 1918, 1, 226). Pictet, finding platinum black uncertain in 
its action, improved the method by using zinc chloride as a catalyst 
[ibid., 1921, 4, 788) and he also varied the procedure by con¬ 
ducting the polymerisation under both reduced and increased 
pressure. Four definite compounds were obtained under these 
conditions : 


Polymeride. 

1. Diglucosan . 

2. Tetraglucosan 

3. Hexaglucosan 

4. Octaglucosan .. 


[ajj,. Pressure. 

+ 28-2° 15 mm. 

+ 111*9° 1 atmos. 

+ 94*1° 4-6 „ , 

+ 72*8° 13*2 „ 


Although there seems no theoretical limit to the number or variety 
of possible polymerides, the above list includes only compounds 
in which glucosan molecules may be regarded as having become 
associated in multiples of two. The mode of attachment of the 
parent molecules has hitherto, save in one case, remained obscure, 
but Pictet has recorded the abnormality that the polymerides yield 
only diacetates or dibenzoates in place of the tri-derivatives to be 
expected. 

By arrangement with Professor Pictet, we have been engaged 
on the constitutional study of the polyglucosans and take this 
opportunity of expressing our thanks for his courteous permission 
to extend his work. The completion of the investigation, which 
was commenced four years ago, has been delayed in consequent 
of the complexity of the results, and, in the meantime, Pringsheim 
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lias described the application of the methylation process to tetra- 
glucosan (Ber., 1922, 55, 3001). No difficulty was apparently 
experienced by him in obtaining complete alkylation and, on 
hydrolysis of the product, both tetramethyl and dimethyl glucose 
were obtained. This is a striking result, but, as shown by Pring- 
sheim, it is in itself insufficient to discriminate between two 
alternative structures for tetraglucosan. 

In order to obtain an adequate view of the mechanism of the 
polymerisation of glucosan, it is necessary to study the constitution 
of a variety of polymerides displaying a progressive increase in 
molecular complexity, and this we have accomplished. In repeat¬ 
ing Pictet’s experiments little success was attained in using platinum 
black as a catalyst and, after numerous attempts to find a superior 
reagent, we adopted the method of heating glucosan at 250° in 
the presence of zinc dust. The polymerisation was conducted in 
a vacuum, the residual air having been washed out with hydrogen 
and, under these conditions, the change took place without charring 
or alteration in weight.* As the zinc dust employed contained a 
trace of chloride, it is possible that the latter is the functional 
catalyst, as we find that zinc chloride exercises a powerful poly¬ 
merising effect on glucosan and its derivatives, the reaction in 
some instances being violent. For many reasons we prefer the 
use of metallic zinc, and, although polymerides differing from those 
described by Pictet are produced, we have continued to employ 
the process, as it proved satisfactory for large-scale working and 
gave uniform results. It may be remarked, however, that the 
relative yield of the different dextrins is affected, not only by the 
catalyst, but also by the temperature, by the duration of heating, 
and by the scale of working. 

In order to obtain polymerides of high molecular weight, it is 
unnecessary in our experience to work under positive pressures, 
and all our preparations were carried out at 15 mm. By means 
of fractional precipitation from aqueous solution the polymerides 
were separated into three main fractions, which, in order of increas¬ 
ing solubility, showed the following progressive diminution in 

* It may be mentioned that glucosan is much less stable at high tem¬ 
peratures, particularly in the presence of acids, than the method of preparing 
the compound would suggest. Nevertheless Venn (J. Text. Ind., 1924, 15r, 
414), having found that the yield of glucosan from cellulose is greatest when 
the acidity of the distillate is lowest, states that this result is opposed to our 
views as to the origin of the hexosan. It would have been surprising if any 
other result had been obtained and Venn’s observation, which amounts to 
no more than the statement that the best yields of glucosan are obt a i n ed 
under the most favourable experimental conditions, has no bearing on the 
mechanism of the reactions in which glucosan is formed. 
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specific rotation. Dextrin I + 83*9°; Dextrin II + 60*7°; Dex¬ 
trin III -f 29-9°. In marked distinction to the products described 
by Pictet, all the dextrins yielded a definite triacetate, and the 
presence of three hydroxyl groups per C 6 unit was confirmed by 
methylation. The convenient solubilities of these trimethyl 
dextrins rendered possible the determination of their molecular 
weights in benzene solution and, in this way, the parent compounds 
were characterised as containing respectively seven, four, and 
three glucosan units. 

Methylated product. Mol. wt. (found). Mol. wt. (calc.). Parent compound. 
Trimethyl Dextrin I 1446 1428 Heptaglucosan 

,, ,, II 874 816 Tetraglucosan 

„ ,, III 595 612 Triglucosan 

This does not exhaust the list of polyglucosans, as we have also 
obtained other isomerides, and it is evident that both odd and 
even numbers of glucosan molecules are capable of forming poly- 
merides. Further, it is clear that the tetraglucosan examined 
in the course of the present investigation is different from that 
described by Pictet and subsequently examined by Pringsheim. 
The distinction is shown in the specific rotations of the compounds, 
in the m. p. of the triacetates prepared from them and, most 
emphatically, in the different behaviour of their methylated deriv¬ 
atives on hydrolysis. 

The methylated dextrins, which may now be termed hepta-, 
tetra-, and tri- (trimethyl glucosan), respectively, were examined so 
as to give an insight into the mode of attachment of the constituent 
hexose chains, the information being derived by identifying the 
methylated glucoses formed on hydrolysing each compound. In 
order to indicate the significance of these results, it may be recalled 
that, although it is customary to distribute the hydroxyl groups 
equally among the C 6 units of a polysaccharide or allied compound, 
this allocation is based on an assumption and should be subjected 
to experimental test in each case. Thus, cellulose and hexa-amylose 
(Irvine, Pringsheim, and Macdonald, J., 1924, 125, 942), which 
are isomeric with the dextrins now under consideration, give tri¬ 
methyl derivatives and these, in turn, yield on hydrolysis 2:3: 6-tri¬ 
methyl glucose and no other sugar. It follows that the hydroxyl 
groups in the parent compounds are uniformly distributed, i.e., 
each C e unit carries three hydroxyls arranged in the same positions. 
Were this not the case, isomeric trimethyl glucoses would be 
formed or, alternatively, a mixture of methylated sugars, such as 
tetramethyl and dimethyl glucoses, giving the same average, 
composition. 

In marked contrast to natural polysaccharides, the synthetic 
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dextrins afford striking examples of compounds constituted on 
.an entirely different model in that the hydroxyl groups are not 
.attached uniformly to the individual C 6 units. We have already 
'.shown (J., 1921, 119, 1744) that when |3-glucosan is subjected to 
. consecutive methylation and hydrolysis it gives 2:3: 5-trimethyl 
glucose and, on the basis of analogy, it might reasonably be expected 
that the same end-product would be obtained from a polymerised 
glucosan. Such is not the case. Each trimethyl dextrin was 
converted into the corresponding methylated methylglucosides and 
thereafter into the constituent sugars, but the product, in place of 
being homogeneous, consisted in each case of di-, tri-, and tetra- 
methyl glucose, mixed in proportions which gave the analytical 
figures required for a trimethyl glucose alone. The individual 
sugars were separated and two of them were characterised as 
2:3:5: 6-tetramethyl glucose and 2:3: 5-trimethyl glucose, but 
the constitution of the dimethyl sugar is still uncertain and two 
alternatives are possible. Although in this section of our work 
we did not conduct the separation of the above sugars on quantita¬ 
tive lines, good reasons exist for the belief that hepta-, tetra-, and 
tri-(trimethyl glucosan) all give the same methylated glucoses, as 
the physical constants of each mixture were identical. 

It is necessary to emphasise that the tetramethyl glucose isolated 
in these experiments is a genuine scission product of the methylated 
dextrins, and does not originate in any molecular cleavage during 
the methylation process. This possibility was carefully excluded, 
and the result in itself disposes of the idea that the polymerisation 
of glucosan is merely the union of intact molecules in pairs. The 
process is evidently complex and consists essentially in the form¬ 
ation of glueosidoglucosides which show a general structural 
resemblance with the constitutional type ascribed by Hess to 
cellulose. The development of structural formulae for the poly- 
gluoosans demands, however, a knowledge of the relative propor¬ 
tions of the different methylated glucoses into which they can be 
transformed. A considerable advance was made by conducting 
all the operations, from the polymerisation of the glucosan to the 
separation of the methylated glucoses finally obtained, on strictly 
quantitative lines. For this purpose large quantities of material 
were required and a substantial simplification was effected by 
methylating the total polymerised product and separating the 
isomerides by vacuum distillation, without isolation of the parent 
compounds. The first fraction consisted of monomeric trimethyl 
glucosan, whilst the second was a viscous syrup which was shown 
to be di (trimethyl glucosan). The remaining syrup, which con¬ 
stituted the laygest^fraction, Was practically non-volatile at 20Q°/04 
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mm. and, on cooling, it solidified to a clear red glass. As this 
product contained all polymerides higher than the dimeride, it is 
termed poly (trimethyl glucosan). 

Di(trimethyl glucosan) was converted into the methylglucosides 
of the constituent sugars, the products being formed in the pro¬ 
portions shown below: 

Found, equalmols. 

. Dimethyl methylglucoside. 46*6 47*1 

Di(trimethyl glucosan) 

^ Tetramethyl methylglucoside. 53*4 52*9 


Yield %. 

Calc, for 


These proportions were confirmed from the yields of the corre¬ 
sponding sugars when, as before, 2:3:5: 6-tetramethyl glucose 
was isolated together with a dimethyl glucose. 

An equally significant result was obtained by similar treatment 
of poly(trimethyl glucosan), three glucosidic products being obtained 
in place of two. yield 0/o . 

Calc, for 

Found, equal mols. 

/ 2 : 3 : 5 : 6 -Tetramethyl 35*5 35*3 

/ methylglucoside. 

Poly(trimethyl glucosan) -> 2 : 3 : 5-Trimethyl methyl- 33*5 33*3 

\ glucoside. 

X Dimethyl methylglucoside. 26-0) 01.4 

Monomethyl methylglucoside. 5*0/ 


As shown by the analytical figures quoted in the experimental 
part, the small amount of monomethyl methylglucoside is attribut¬ 
able to incomplete methylation and may be added to the yield of 
the higher homologue. 

Discussion is simplified by tabulating the significant facts show¬ 
ing the mutual relationships between glucosan and the polymerides 
now described. 


[a]» of [a)u Of Mol. Wt. Of 

parent ^ — 

compound, trimothyl derivative, 
(water) (MeOH) 

glucosan ... -05*4° -53*2* 212 (204) 
Diglucosan ... . — +48*3 418 (408) 


Triglucosan ... +29*9 +52*8 505 (612) 

Tetraglucosan +60*7 +68*7 878(816) 

Heptaglucosan +85*8 +80*4 1446 (1428) 

Tolyglucosan -— — — 


% Methoxyl 
content 

of derived Methylated sugars 
glucosides. produced. 


50*9 


51*2 


49*7 

49*6 

60*4 

50*6 


2:3: 5-Trimethyl glucose. 

f 2:8:5:8-Tetramethyl 
glucose. 

{Dimethyl glucose. 

r 2 : S : 5:6-Tetramethyl 

I glucose. 

1 2: 3:5-Trlmethyl glucose. 

L Dimethyl glucose. 

» »» 

The above tetra-, tri-, and di¬ 
methyl glucoses in exactly 
molecular proportions. 


Including Pictet’s results, a series of polymerides from mono- 
to octa-glucosan is now complete with the exception of the penta- 
form. It will be observed from the table that polymerisation 
alters the sign of rotation, which increases, in the dextro sense, 
with the molecular magnitude, this possibility having been fore- 
vol- cxxvn. 5 F 
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seen through our studies of inulin and starch. The optical effect 
of methylation is also consistent with previous experience, but the 
essential fact which emerges from the results given in the table 
is that mono- and di-glucosan are unique members of the series. 
The former gives rise to only one methylated sugar (2:3: 5-tri¬ 
methyl glucose) and the latter yields a mixture from which trimethyl 
glucose is absent. Thereafter, in the higher polymerides, 2:3: 5-tri- 
methyl glucose is again encountered as an end-product and, in the 
case of the mixed polyglucosans, this sugar is present in equi- 
molecular proportion with the higher and lower homologues. This 
represents an average result, to which all polymerides higher than 
diglucosan have contributed, and the discussion can therefore be 
focussed on the three types represented by (a) mono-, ( b ) di-, and 
(c) poly-glucosan. 

Mechanism of the Polymerisation . 

The initial step of the polymerisation can be traced from the 
significant fact that 2:3:5: 6-tetramethyl glucose and a dimethyl 
glucose are invariable products from all the polyglucosans. It 
follows that the first action is the conversion of glucosan into 
glucose, one molecule of which condenses with a second molecule 
of glucosan so that, once the process is initiated, it is catalytically 
continued. The experimental conditions employed in the poly¬ 
merisation are favourable to this cycle of reactions, and no other 
explanation seems possible. If this be correct, the dimeride should 
differ from the monomeric parent in having the hydroxyl groups 
unequally distributed in the ratio of four in one glucose residue 
to two in the other. The results obtained show that this con¬ 
sideration applies quantitatively. The precise way in which 
glucose condenses with a molecule of glucosan must nevertheless 
remain unknown until the constitution of the dimethyl glucose 
isolated from diglucosan has been established, and, despite laborious 
investigation, this has not been solved. As shown in the experi¬ 
mental part, however, the sugar must be either 2: 3- or 2 :5-di¬ 
methyl glucose and, as the latter alternative is more strongly 
supported, it is provisionally adopted, leading to the following 
structure for diglucosan: 


;OH(OH)-CH(OH)-CH-CH(OH)-CH 2 -OH 

B. Glucose residue, 

-CHS 

A Glucosan residue. 
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Speculation on the next stage of the polymerisation is guided 
by the fact that all polymerides above diglucosan give 2:3: 5-tri- 
methyl glucose. This can originate only from the molecular 
fragment B and not from A as, otherwise, the methylated sugars 
obtained from triglucosan would be two molecules of tetramethyl 
glucose and one molecule of monomethyl glucose. The attach¬ 
ment of the third glucose residue is thus definitely restricted to 
position 6 of residue B, giving the following constitution for tri¬ 
glucosan : 


0 



I-u-1 

0-CH-CH(OH)-CH(OH)*CH-CH(OH)^H 2 

OH-CH 2 -CH(OH)-CH-CH(OH)-CH(OH)-blI 
I_n_I 


As the yields of methylated sugars from tetra- and hepta-glucosan 
have no quantitative significance, it is inadvisable to discuss the 
further steps involved in the polymerisation, but the examination 
of the mixed polyglucosans contributed valuable information. On 
occasions, these higher glucosans formed as much as 75% of the 
total material polymerised, so that they may be regarded as repre¬ 
sentative of the whole reaction. Inspection of the experimental 
details will show that this material hot only gives the three 
methylated sugars required by the above formula, but does so in 
precisely equimolecular proportions. This result has been verified 
on more than one occasion; it cannot be regarded as adventitious 
and it disposes of the possibility that the trimethyl glucose originates 
in a simple polymeride of glucosan in which the molecular con¬ 
stitution of the parent molecule is preserved. It is, nevertheless, 
conceivable that molecules of monomeric glucosan may become 
associated, either together or with simple polymerides, and the 
existence of such compounds as hepta- and octa-glucosan indicates 
that this should not be ruled out, Further, the tetraglucosan 
examined by Pringsheim yielded no trimethyl glucose, but gave 
rise to the same sugars as we have now shown to originate from 
diglucosan. Taking a general survey of the results, it is clear 
that the polymerisation involves reactions of two types : one 
involving association and the other condensation. For example, 
when diglucosan is formed it may either condense with an addi¬ 
tional molecule of glucosan to give the trimeride which, in turn? 
by further condensation yields a tetrameride, or alternatively, two 
dimeride molecules may become associated to give an entirely 
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different type of tetraglucosan. The inclusion of Pringsheim’s 
results with our own renders this view more than speculative and 
a similar complexity inay accompany each stage of the poly¬ 
merisation. Our results do not provide conclusive evidence on 
this point and reveal only the primary nature of the polymeris¬ 
ation. It is of special interest to note that two-thirds of the 
triglucosan formula consists of a residue present in the accepted 
formula for maltose, a remarkable similarity in structure con¬ 
sidering the drastic conditions employed in the preparation of the 
trimeride. Triglucosan may, in fact, be regarded as glucosan 
maltoside. Further, the (^-configuration of the parent glucosan is 
preserved in the higher polymerides, despite the pronounced changes 
in rotation which accompany their formation. 

The view now put forward demands that the condensation type 
of polymerisation is dependent on the presence of free hydroxyl 
groups, and is supported by the fact that trimethyl glucosan 
was recovered unchanged when heated with zinc dust in an ex¬ 
hausted sealed tube at 250° for 10 hours. Under similar conditions 
the use of zinc chloride as a catalyst resulted in profound decom¬ 
position, but, on limiting the reaction to 3 hours at 160°, the 
rotation altered from lsevo to dextro owing to conversion of the 
glucosan into trimethyl glucosidotrimethyl glucose. 

Applicability of the Methylation Process to the Structural Problems 

of Carbohydrates . 

The criticism has been put forward that our method of deter¬ 
mining the structure of carbohydrates, although diagnostic in the 
case of simple sugars, may not be applicable to the “ closed-chain 
structures ” represented by polysaccharides and similar compounds. 
It is difficult, in view of the mass of consistent results obtained with 
many types of non-reducing carbohydrates, to find any justification 
for this objection; but as at present much reliance is placed on 
the validity of the methylation process as a means of determining 
constitution, the occasion is opportune to take into account the 
essential requirements of the method. 

The principles developed in this laboratory can be applied to 
the structural problems of carbohydrates, provided the following 
primary conditions are satisfied: (1) that methylation does not 
alter the configuration of a sugar; (2) that methylation does not 
disturb the positions in which sugar residues are attached to each 
other, or to other groups; and (3) that, under the conditions 
employed in methylation and in hydrolysis, non-glucosidic methoxyl 
groups do not migrate from one position to another in a sugar 
chain*, In default of direct experimental evidence to the contrary* 
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and in view of the following observations, it may be claimed that 
the above requirements are satisfied. According to circumstances, 
the methylation of carbohydrates, as practised by us, is effected 
either by the silver oxide reaction or by the methyl sulphate method, 
used independently or in succession. It has been adequately 
proved that these alternative methods, when applied to the same 
compounds, give the same methylated sugars, the only distinction 
being that the alkaline reagent acts upon reducing sugars to give 
a larger excess of the corresponding [3-glucoside. Configuration is 
therefore affected, but only so far as the reducing group is con¬ 
cerned. The one aspect of configuration, however, which is utilised 
in our deductions is that of the non-reducing groups, and it has 
long been known that the silver oxide reaction yields derivatives 
which retain the configuration of the parent compound. The 
conversion of d-dimethoxysuccinic acid into d-tartaric acid (Purdie 
and Barbour, J., 1901, 79, 972) is a convincing, but by no means 
unique, example of this regularity. In addition, mono-, di-, tri-, 
and tetra-methyl glucose, all of which were prepared by the silver 
oxide reaction, have been demethylated and converted into glucose 
phenylosazone showing the correct optical activity. 

That the second and third requirements of the method are 
fulfilled is shown in numerous ways. For example, Haworth and 
Leitch subjected maltose and cellobiose to identically the same 
methylating treatment, yet isolated isomeric trimethyl glucoses in 
the two investigations. This result cannot be reconciled with the 
idea that molecular linkages are altered by methylation or that the 
methyl groups fail to retain their positions. The evidence is equally 
clear in the case of the more unstable types of carbohydrate deriv¬ 
atives such as y-glucosides and the existence of isomeric tetramethyl 
glucoses and of the corresponding tetramethyl fructoses, which 
reflect accurately the essential properties of the compounds from 
which they are derived, may be quoted in illustration. In this 
connexion, it is important to note that with the exception of the 
glueosidic alkyl group (which, in any case, is not concerned with 
our structural studies) the stability towards acids and alkalis of 
the methyl groups in a sugar chain is remarkable. Concentrated 
sodium hydroxide at the boiling point has no effect on a fully 
methylated hexose and, in our experience, the elimination of the 
methyl groups from an alkylated reducing sugar has been accom¬ 
plished only by such processes as boiling with concentrated hydriodic 
acid, heating under pressure with glacial acetic acid saturated with 
hydrogen bromide, or, in one example, 914 by prolonged action with 

* This result, which is unpublished, was obtained with a dimethyl galactose 
which yielded a monomethyl galactosazone. A similar irregularity is reported 
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the phenylosazone reagents. This stability is far removed from 
that encountered in cases where methyl groups have been shown 
to migrate or to enter an irregular position (see Kubota and Perkin, 
this vol., p. 1889). 

It is possible that the frequency with which 2:3: 6-trimethyl 
glucose has been obtained from different polysaccharides may have 
suggested the idea that the reagents had converted definitely 
isomeric compounds into a common form so that the same sugar 
would inevitably be produced in all cases. The results of the 
present investigation go far to refute this remote possibility. The 
only practical distinction between the alkylation of a polysaccharide 
and that of a simple sugar is that, owing to solubility difficulties 
and to steric hindrance, it is necessary in the former case to use 
the methyl sulphate method throughout and to repeat the methyl- 
ation many times. This treatment may conceivably affect the 
degree of polymerisation of a compound, but as the discussion 
does not involve this point it may be focussed on the question if 
the repeated use of the alkaline reagent gives results divergent 
from those obtained by restricted treatment with silver oxide and 
methyl iodide. For this purpose, we have selected p-glucosan as a 
test substance and, after ten methylations by means of methyl 
sulphate, obtained a normal yield of the same crystalline trimethyl 
glucosan formerly prepared by the alternative method (Irvine and 
Oldham, loc. at.). On extending the process until a total of twenty 
treatments had been given, the same product was again obtained. 
The result shows that even when the methyl sulphate process is 
repeated as often as in the case of cellulose, starch, and glycogen, 
the methyl groups enter the same positions in glucosan as they do 
when the silver oxide reaction is used only once, and, further, 

by Freudenberg and Hixon (Ber., 1923, 56, 2119) and confirmed by Levene 
and Meyer ( J . Biol. Chem 1924, 59, I, 145), who found that a mono- 
methyl mannosediacetone was completely hydrolysed by treatment with 
very dilute acid, a property which indicates that the compound was a y-methyl- 
mannoside diacetone. Should this prove to be the case, rearrangement may 
have taken place between a methyl group and an iaopropylidene group 
during either methylation or hydrolysis. Numerous examples are now known 
of the reversible displacement of wopropylidene and methyl, but the reaction 
proceeds in acid solution, whereas Freudenberg’s process does not admit of 
this condition. Apparently the configuration of mannose is conducive to 
irregular results. It may be recalled (Irvine and Paterson, J., 1914, 105, 
915) that one hydroxyl group in mannitol resists methylation completely and 
that, when methylglucosamine (a-amino-methylmannoside) is acted upon by 
dilute nitrous acid, not only is the amino-group removed, but the methyl 
group, which is otherwise remarkably stable, also is eliminated. In con¬ 
sequence, the alkylated mannoses have not been applied by us to structural 
studio*. ' , . 
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that alkyl groups show no tendency to migrate to the 2:3: 6-posi- 
tions. The dextrins described in the present paper were also 
subjected to repeated methylation, yet the sugar finally obtained 
consisted exclusively of 2 : 3 : 5-trimethyl glucose and no trace of 
the 2:3: 6-isomeride was detected. Precisely the converse applies 
when cellulose is subjected to parallel treatment, as 2:3: 6-tri¬ 
methyl glucose alone constitutes the final product. It is difficult 
to imagine that these sharply differentiated results, obtained under 
duplicate conditions, are due to the vagaries of the reagents rather 
than to inherent structural differences in the parent compounds. 

Clearly, however, the silver oxide reaction when applied to 
polymerides tends to lower the degree of polymerisation, as indi¬ 
cated by a change in solubility and an alteration of the rotatory 
power in the direction of that of the parent unit. This phenomenon 
has already been encountered in the investigation of methylated 
inulin and has again been observed when, for comparative purposes, 
the mixture of higher polyglucosans was subjected to this reaction. 

Experimental. 

Polymerisation of fi-Glucosan .—As the polymerisation of p- 
glucosan gives rise to a variety of isomerides, it is necessary to 
specify accurately the experimental method adopted in preparing 
the polymerides now described. In the first series of preparations, 
small quantities (7 g.) of glucosan were used in each experiment and 
this weight of material, together with 0*1 g. of zinc dust, was intro¬ 
duced into a 300 c.c. distilling flask, the neck of which was sealed 
by a cork carrying a manometer. To the side limb a T-tube was 
attached, provided on one branch with a tap (A) leading to the 
water pump and, on the other, with two taps (B and C). These 
were placed closely together so that the enclosed volume was small, 
0 'being connected to a supply of pure dry hydrogen. The flask, 
which with the exception of the side fittings was immersed in an 
asbestos air-bath provided with windows, was exhausted, and the 
residual air washed out with hydrogen. After again evacuating, the 
temperature of the bath was raised to 250°, the tap A being closed 
when the glucosan began to melt, as otherwise the compound 
volatilised unchanged. After about 15 minutes the melt became 
viscous and, as frothing ensued, the tap A was opened at intervals. 
In approximately 30 minutes from the start of the reaction, the 
frothing usually became most severe and it was then necessary to 
close A and 0, and open B momentarily. A bubble of hydrogen 
was thus introduced which served to break the film of glucosan, and 
thereafter both C and A were rapidly opened and closed. In from 
60 to 75'minutes from the time the glucosan was thoroughly melted, 
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frot hing became sluggish and, unless A remained open for a con¬ 
siderable time, ceased entirely. At this stage, heating was stopped 
and the flask allowed to cool, the vacuum being maintained. No loss 
of weight was recorded under the above conditions and no charring 
took place. 

j Direct Isolation of Polyglucosans. 

The product of several preparations was extracted with the 
minimum quantity of hot water and, on the addition of rectified 
spirit to the united solutions, a dark-coloured precipitate was 
formed. This was removed and absolute alcohol added to the 
filtrate. The dextrin then separated as a fine powder except in 
cases where too much water was present, when a sticky precipitate 
was produced. In such an event the liquid was decanted, the 
residue dissolved in a small quantity of warm water and, after 
removal of the solvent, dried at 100715 mm.; the product could 
then be readily powdered. The less-soluble dextrin obtained as 
above is referred to as 44 Dextrin I.” The mother-liquor which had 
deposited Dextrin I was concentrated and the addition of alcohol 
repeated Until no further precipitate was formed. In this way the 
material was separated into two further portions (Dextrins II and 
III), each fraction being relegated to its class on the basis of sol¬ 
ubility and specific rotation. 

Examination of Dextrin I. Heptaglucosan. —The material was 
redissolved in hot water and boiled with charcoal, a treatment which 
removed colouring matter and also diminished the yield considerably. 
Finally, the compound was precipitated with alcohol and dried in a 
vacuum. Dextrin I was thus obtained as a slightly hygroscopic 
powder which, although perfectly white, gave a pale yellow solution 
in water. Analysis of different preparations gave 0, 44*5, 44*45; 
H, 6*4, 6*2; ash, 0*266 (C 6 H 1? 0 5 requires C, 44*4; H, 6*2%). 
Dextrin I is insoluble in organic solvents, with the exception of 
acetic acid, but is freely soluble in water, giving a non-reducing 
dextrorotatory solution. [a] D + 83*9° for c = 2*08. This value 
was obtained in different preparations and when a specimen of the 
material was fractionally precipitated with alcohol the most active 
fraction showed [a] D + 85*8°, thus indicating the uniformity of the 
compound. Despite this observation and the fact that dextrin I 
was afterwards shown to be heptaglucosan, the application of 
Karrer’s method of determining the molecular magnitude of 
polymerised units by analysis of the sodium hydroxide compounds 
gave inconclusive results which lay between those required for 
(^6^10^5)3 (^6^10^5)4* 

For analytical and reference purposes the triacetate was prepared 
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by boiling the dextrin, until dissolved, with excess of acetic anhydride 
containing zinc chloride. The product was isolated by precipitation 
with water, washing with ether and solution in a large excess of hot 
absolute alcohol, from which it separated as a fine, white powder. 
After three such treatments, the m. p. was constant (142°) (Found : 
C, 49-95; H, 5-6; CH 3 -CO a H, 65-6. C 12 H 16 0 8 requires C, 50-0; 
H, 5-55; CH 3 *C0 2 H, 62-5%). The triacetate is insoluble in water, 
cold absolute alcohol, or ether, soluble in other organic solvents 
including aqueous alcohol. [a] D in 50% alcohol +85-1° for 
c = 2-2315. 

When heated for 2 hours at 70° in methyl alcohol which was 
nearly saturated with hydrogen chloride, the dextrin was com¬ 
pletely converted into methylglucoside. Initially excess of p- 
methylglucoside was formed, but, on continuing the reaction for 
2£ hours, the equilibrium mixture was obtained, from which pure 
a-methylglucoside was isolated in the usual manner (m. p. 164°; 
OMe, 15-1%; [«] D in water + 158-4°). 

Examination of Dextrin II. Tetraglucosan .—This substance was 
produced in greatest yield when the polymerisation of p-glucosan 
was carried out in quantities of 20 g. at a time, a 600 c.c. flask being 
employed. The subsequent procedure was as described, and after 
removal of dextrin I, the more soluble products were fractionally 
precipitated with alcohol. Fractions showing similar rotatory 
power were mixed and again precipitated so that, by prolonged 
repetition of this process, the total product was ultimately separated 
into two portions which could not be further sub-divided. These 
showed, respectively, [oc] D + 60-7° and + 29-9° in aqueous solution 
and are indexed as dextrin II and dextrin III. Both substances 
were fine, white, hygroscopic powders and had the same com¬ 
position as the parent glucosan. Dextrin II, when acetylated as 
already described, gave the same triacetate as dextrin I (Found; 
0, 50*2; H, 5*6; CH a *C0 2 H, 63*6%). The specific rotation and 
melting point also agreed within experimental error, and, on 
hydrolysing the acetate with sodium hydroxide, dextrin I was 
regenerated (Found ; C, 44*5; H, 6*1; [«] D + 81-5° for c = 2*14 in 
water. Dextrin I requires C/ 44*4; H, 6*2%; [a] D + 83*9° for 
c = 2*08). 

Dextrin II was readily converted into methylglucoside. The 
solid was covered with methyl alcohol, and hydrogen chloride 
passed in from time to time until the dextrin dissolved, after which 
the solution was diluted with more alcohol and heated at 70°, 
polarimetric readings being taken every 15 minutes. In one hour 
the constant value [a] D + 94*5° (calc, on the weight of glucoside 
formed) was reached and the product was then isolated as Usual. 

5 F* 
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A crystalline mixture of a- and (3-methylglucosides was thus obtained 
from which the pure a-form was separated by crystallisation from 
alcohol (Found : m. p. 165—166°; [a] D + 157*2°; OMe, 15*6. 
a-Methylglucoside requires m. p. 165—166°; [a] D + 157*5°; OMe, 
15*9%). 

When the above reaction was conducted at 50°, in place 
of 70°, and was arrested after 45 minutes, p-methylglucoside was 
the chief product and the a-form was present only to the extent 
of 20%. 

Examination of Dextrin III. Triglucosan .—In all respects, save 
solubility and specific rotation, dextrin III resembled dextrin II. 
Like the latter, it yielded apparently the same triacetate as dextrin I 
(Found: C, 50*1; H, 5-6; CH 3 *C0 2 H, 62-3%). The specific 
rotation in aqueous alcohol was, however, + 74*2° in place of 78*9°, 
but this discrepancy appears to be due to a trace of impurity, as, 
on treatment with sodium hydroxide, dextrin I was regenerated. 
Dextrin III was also converted into methylglucoside in the usual 
way. The total crystalline product isolated showed [a] D + 92*9° 
for c == 1 in methyl alcohol, and gave OMe, 15*3%. On crystallis¬ 
ation from absolute alcohol, pure a-methylglucoside displaying the 
standard constants was obtained. In this case also, when the 
reaction was restricted to heating at 50° for 1 hour, (3-methyl- 
glucoside was the chief product. 

Methylation of the Individual Dextrine. 

As the methods adopted for the methylations have been described 
in previous papers from this laboratory, only significant results 
are now quoted. 

Methylation of Dextrin I. Heyptaglucosan. —The action of silver 
oxide and methyl iodide on a methyl-alcoholic solution was definitely 
arrested at the stage where two alkyl groups had been introduced 
per C e unit. Product: a colourless glass, easily powdered. [a] D 
in chloroform + 76-0° for c — 0*6035 (Found : 0, 50*65; H, 74; 
OMe, 324. C 8 H 14 0 5 requires 0, 50*5; H, 7*4; OMe, 32*6%). 
The methyl sulphate reaction was more effective, repeated treatment 
with the reagents under conditions similar to those employed with 
inulin giving a product readily soluble in organic solvents and 
showing [a]j> in chloroform + 89*4° for c = 2*745. The methylation 
was, however, still incomplete, but approximated to the trimethyl 
stage [Found : C, 53*0 ; H, 7*5; OMe, 40*9. (C 9 H 16 0 5 ) n requires 
C, 52*9; H, 7*8; OMe, 45*5%]. No further purification was possi¬ 
ble, as the compound, which was isolated as a glass readily con¬ 
vertible into a white powder, was exceedingly soluble in organic 
solvents with the exception of light petroleum. The molecular 
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weight, determined in benzene by the cryoscopie method, was 1446, 
whereas a hepta (trimethyl glucosan), C 63 H U2 0 35 , requires 1428. 

As, contrary to expectation, methyl alcohol containing 1% of 
hydrogen chloride proved to be without action on the compound, 
simultaneous hydrolysis and condensation was effected by heating 
for 15 hours at 70° with alcohol nearly saturated with the gas. No 
charring resulted from this drastic treatment and the specific 
rotation showed the usual characteristic rise and fall during the 
change. ([a] D + 75*0°—> 93-7° —* 87-5°). The mixedglucosides were 
isolated by vacuum distillation as a colourless syrup (OMe, 50-4%) 
and were hydrolysed thereafter by means of 3% aqueous hydro¬ 
chloric acid to give a solution of methylated glucoses showing 
[ot]t> + 68*4°. A syrup was finally obtained on distillation showing 
OMe, 38-6% and yielding crystalline tetramethyl glucose on extrac¬ 
tion with boiling light petroleum. The remaining sugars were di- 
and tri-methyl glucoses in unknown proportions. 

Metkylation of Dextrin II, Tetraglucosan ,—As a result of three 
methylations by the methyl sulphate method, 18 g. of the dextrin 
were converted into 16-5 g. of a viscid syrup showing [a] 0 + 66-6° 
for c =s 3*3335 in chloroform, and having OMe, 39*5%. Two 
further methylations raised the methoxyl content to 41*6%, and 
four subsequent treatments gave the maximum value of 43*4%. 
The product was a glass possessing the customary solubilities 
[Found: C, 53*0; H, 7*8; OMe, 43*4. (C 9 H 16 0 5 )» requires C, 
52*9; H, 7*8; OMe, 45*5%]. 

Solvent. e. [a]„. 

Methyl alcohol . 1*3625 +68*7° 

Acetone . 1*958 70*5 

Chloroform . 2*900 61*2 

Molecular weight, determined by the cryoscopie method in benzene 
solution, = 873. Tetra (trimethyl glucosan), C^H^OgQ, requires 
816. 

When converted into the corresponding methylglucosides, as 
described in the case of the hepta-isomeride, the product on dis¬ 
tillation showed in successive experiments OMe, 49*6, 49*7% and 
[«]d+ 100*9° in water for c = 1*3016. On hydrolysis with 4% 
aqueous hydrochloric acid the permanent value for the specific 
rotation was + 66*7°. The mixture of sugars thus obtained had 
OMe, 38*9% and was separated into (a) a fraction, soluble in ether, 
amounting to about two-thirds of the total, and (6) a fraction, 
.consisting of the remainder, soluble in acetone but not in ether. 
From the soluble portion, tetramethyl glucose crystallised spon¬ 
taneously and was identified by analysis and by determination of 
the physical constants. The uncrystallisable sugars were mixed, 

5 F* 2 
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converted into their methylglucosides, distilled in three fractions, 
and analysed. The methoxyl contents, in order of increasing 
volatility, were respectively 38*3, 44*8, and 53*4%, showing that the 
compounds were derived from a di- and a tri-methyl glucose. In 
no case did any of the sugars give a phenylosazone and the incom¬ 
pletely methylated forms were convertible into the stable variety of 
tetramethyl glucose in 80% yields. 

It was necessary to ensure that the tetramethyl glucose isolated 
did not originate in degradation during the methylation of the 
original dextrin. The methylated dextrin was therefore extracted 
repeatedly with boiling light petroleum, but this did not cause any 
alteration in the methoxyl content. Further, when heated at 
200°/0*2 mm., the methylated dextrin distilled very slowly, but 
analysis of the distillate showed that no tetramethyl methylglucoside 
was present. 

Methylation of Dextrin III . Triglucosan .—Twenty grams, sub¬ 
jected to eleven successive treatments by the methyl sulphate 
reaction, gave 15-3 g. of a colourless glass convertible into a white 
solid [Found: C, 52-7; H, 7-8; OMe, 42*2. (C 9 H 16 0 5 ) n requires 
C, 52*9; H, 7*8; OMe, 45*5%]. 

Solvent. c. [<z] D . 

Chloroform ... 2*1035 +53-5° 

Acetone . 2-048 56*4 

Methyl alcohol ... 1-753 52*8 

The molecular weight, determined by the cryoscopic method in 
benzene, was 595. Tri(trimethyl glucosan), C 27 H 48 0 15 , requires 612. 
When heated in a vacuum, approximately one-half of the material 
distilled at 180—200°/0*5 mm., but this result was evidently due to 
depolymerisation, as the distillate was a comparatively mobile 
syrup having n D = 1*4770 and [ofo in chloroform + 23*9°. The 
composition remained unaltered (OMe, 44*7%). The methylated 
dextrin, when subjected to the joint action of methyl alcohol and 
hydrogen chloride, was converted into the corresponding mixture of 
alkylated methylglucosides, the whole of the product being distill¬ 
able, although over a wide temperature range. No fractionation 
was attempted, the total distillate being hydrolysedin one experiment 
by boiling with 4% aqueous hydrochloric acid. It is sig nifi cant 
that when hydrolysis was complete the corrected specific rotation 
of the solution was + 65*3°, showing that the end products were the 
same as those obtained from the hepta- and tetra-isomerides. As 
before, the sugars thus obtained were divided into {a) a fraction 
soluble in ether which yielded crystalline tetramethyl glucose and 
a trimethyl glucose, and ( b ) a fraction soluble in acetone, but not 
in ether. The less soluble sugar, which was purified by dissolving 
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ill chloroform and precipitating with ether, possessed the com¬ 
position of a dimethyl glucose (OMe, 33*4%), but could not be 
obtained in a crystalline form and failed to give a phenylosazone. 
Both the di- and the tri-methyl glucose formed above belonged to 
the butylene-oxide series and polarimetric tests for the presence of 
y-forras gave negative results. 

Indirect Isolation of Polyglucosans in the Form of the Methylated 

Derivatives . 

In place of separating the polyglucosans by precipitation and 
conducting the methylations in different experiments, an alternative 
is to alkylate the total polymerised material and thereafter to 
separate the methylated products. The latter method proved to 
be more effective, more economical, and more decisive. 

Thirty grams of glucosan were polymerised, as described, in each 
experiment. By extraction of the product with boiling rectified 
spirit it was possible to remove unchanged glucosan together with 
the bulk of the dextrins of low molecular weight, leaving polymerides 
of high molecular weight undissolved, and, in this way, it was shown 
that both types of dextrin yielded normal triacetates. It was, 
however, preferable to methylate the total product directly, the 
methyl sulphate method being used throughout. A comparatively 
mobile syrup was thus obtained in good yield, 80 g. of glucosan 
giving 73 g. of methylated polymeride. On distillation at the 
Gaede pump, the product was separable as under : 

Fraction I. B. p. 135°/0-2 mm. 28 grams. Trimethyl glucosan. 

Fraction II, B. p. 205—210°/0-2 mm. 17-1 grams. Di(trimethyl glucosan). 
Residue. 27-2 grams. Poly (trimethyl glucosan). 

In a second preparation, where more complete polymerisation was 
effected and where over-heating during distillation was avoided, 60 g. 
of glucosan yielded 55 g. of methylated product which in turn gave: 

Trimethyl glucosan .. 9*41 grams 17% 

Di(trimethyl glucosan) .. 12*98 „ 23*6% 

Poly {trimethyl glucosan) ......... 31*77 „ 57*8% 

The monomeric trimethyl glucosan crystallised in the receiver; the 
dimaride was a pale yellow, clear, viscous syrup (w D 1*4720), whilst 
the undistillable isomerides consisted of a glass. 

Di(trimeihyl glucosan), —The composition and physical constants 
of the distilled syrup showed very little variation in successive 
preparations [Found: 0, 53*0, 52*9; H, 7*7, 7*9; OMe, 44*5; 

M , cryoscopic in benzene, 418. (C 9 H 16 0 5 ) 0 requires C, 52*9; H, 
7-8; OMe, 45*6%; M, 408]. 

Solvent. c. [a]‘ 2 £\ 

Chloroform . 1*9515 , 4-46*5°' 

Methyl alcohol . 1*8790 48*3 

Acetone . 2*0040 51*8 
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Conversion into methylated methylglucosides. This reaction was 
accomplished by boiling with methyl alcohol nearly saturated with 
hydrogen chloride, the specific rotation, corrected for the change of 
concentration, becoming constant at + 110-0°. The mixed gluco- 
sides were isolated by distillation and although the liquid boiled 
over a wide range of temperature the product was collected as a 
single fraction (yield, 97%; n D 1*4587). Under these conditions the 
distillate should have the same composition as trimethyl methyl- 
glucoside and this was the case (Found ; C, 50*8; H, 8*5; OMe, 
51-2. C 10 H 20 O 6 requires 0, 50*8; H, 8-5; OMe, 52*5%). Separ¬ 
ation of the constituents was effected by dissolving in water con¬ 
taining sodium bicarbonate and extracting repeatedly with chloro¬ 
form. This treatment removed all glucosides containing four or 
more methoxyl groups per C 6 unit, lower methylated compounds 
remaining in the aqueous layer. The process can be applied 
quantitatively and, as in the present case yields are of special 
importance, the results of one exact experiment are quoted. 8*5483 
Grams of di(trimethyl glucosan) gave 4*9161 g. of methylated 
glucosides extractable with chloroform, and 3*5824 g. were retained 
in the aqueous layer. The less soluble compound, when isolated, 
dissolved in ether, dried, and recovered, proved to be dimethyl 
methylglucoside showing [a] D + 108*4° in methyl alcohol, and n D 
1*4743 (Found: O, 48*7; H, 8*2; OMe, 41*2. Calc, for C 9 H 18 0 6 , 
C, 48*8; H, 8*1; OMe, 41*8%). 

Analysis of the syrup extracted with chloroform having shown 
that it consisted essentially of tetramethyl methylglucoside together 
with a little trimethyl methylglucoside, the mixture was hydrolysed 
to give the corresponding sugars. On repeating the extraction with 
chloroform, only tetramethyl glucose passed into the lower layer, 
whilst trimethyl glucose was retained in the aqueous layer. The 
tetramethyl glucose, when recovered, purified by distillation and 
recrystallised as usual, displayed the correct melting point and rot¬ 
ation (Found: C, 50-8; H, 8*4; OMe, 52*0. Calc, for C 10 H ao O e , 
C, 50*8; H, 8*5; OMe, 52*5%). In this way, 3*2457 g. of pure 
sugar were obtained from 4*4717 g. of the mixed glucosides. The 
small amount of trimethyl glucose isolated shows that this sugar 
cannot be regarded as a definite molecular product but originates in 
unpolymerised trimethyl glucosan. Neglecting this by-product and 
small undistilled residues, the relative yields of the hydrolysis 
sugars, calculated as the corresponding glucosides, become: 


Bimethyl methylglucoside ... 
Tetramethyl methylglucoside 


Found, 

46-6 

53*4 


Calc, for equal 
molecules, 
47*; 
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Examination of Methylated Polyglucosans —The non-volatile 
residue left when di(trimethyl glucosan) was separated by dis¬ 
tillation constituted the main product of the methylation of poly¬ 
merised glucosan. After solution in ether, filtration and removal 
of the solvent, the mixture of higher polymerides was obtained as a 
clear glass. The carbon content was low, although the composition 
was uniform in different preparations [Found: C, 524, 524; H, 
7-6, 7-8; OMe, 444, 45*2. (C 9 H 16 0 5 ) R requires C, 52*9; H, 7*8; 
OMe, 45*5%]. As, from its method of preparation, the material 
consisted of all polymerides higher than the dimeride, no molecular 
weights were determined. 

Solvent. 

Chloroform . 

Acetone . 

Methyl alcohol . 

Conversion by the action of acid methyl alcohol into the mixture 
of methylated glucosides gave a 95% yield of a colourless syrup, 
which was distilled under 04 mm. and collected in one portion with¬ 
out fractionation. The average composition of the total distillate 
should be the same as that of trimethyl methylglucoside, but although 
this held approximately, all the values were low (Found : C, 50-4; 
H, 8*3; OMe, 50*6. Calc, for G^B.^0^ C, 50*9; H, 8*5; OMe, 
52*5%). On separating the constituent glucosides by extraction of 
an aqueous solution containing sodium bicarbonate with chloroform, 
the syrup recovered from the extract weighed 69% of the original 
total, and the remaining 31% was recovered from the water. The 
former was hydrolysed with 8% hydrochloric acid to give the 
corresponding methylated glucoses, which were isolated in 94% 
yield. Analysis of the distilled sugars showed that tri- and tetra- 
methyl glucose were present in equimoleoular proportions (Found: 
0, 49*9; H, 8*2; OMe, 46*8. Calc., C, 49*8; H, 8*3; OMe, 47*3%). 
Separation of the sugars was effected by the method of chloroform 
extraction, 11*176 g. of the mixture giving 5*300 g. of crystalline 
tetramethyl glucose displaying the correct analytical figures and 
constants. The less soluble sugar was recovered from the water, 
distilled as a viscid syrup and identified as a trimethyl glucose 
(Found: C, 48*6; H, 7*95; OMe, 414. Calc, for C 9 H 18 0 6 , C, 
48*6; H, 8*1; OMe, 41*8%). The specific rotation in chloroform 
solution was + 72*5° but, in order to identify it completely, the 
sugar was converted successively into the diacetate, the mono- 
acetobromo-derivative, and finally into the corresponding trimethyl 
p-methylglucoside. These steps were controlled by blank experi¬ 
ments in which authentic 2:3: 5-trimethyl glucose was used, and 
the optical changes were parallel throughout. On nucleatioh with 


c. [ a 3 »- 

1*850 +63*3° 

2*266 66*6 

1*755 64-4 
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2:3: 5-trimethyl (3-methylglucoside, the product crystallised and 
was purified as usual from light petroleum. The m. p., refractive 
index and specific rotation in methyl alcohol were correct (Found : 
0, 50-7; H, 8-5; OMe, 51-9. Calc, for C 10 H 20 O 6 , 0, 50-8; H, 8-5; 
OMe, 52-5%). The combined results show that the sugars extract- 
able by chloroform from aqueous solution are 2:3:5: 6-tetra- 
methyl glucose and 2:3: 5-trimethyl glucose in equimolecular 
proportion. 

The lower methylated glucoside retained in aqueous solution 
after extraction of the tetra- and tri-methyl methylglucosides with 
chloroform consisted of a viscid syrup (%, 14779, [oe]i> in methyl 
alcohol + 106*2°). Although with material of this nature vacuum 
distillation is difficult, this purification was undertaken to obtain 
more accurate analytical figures. Pure dimethyl methylglucoside 
was thus obtained as the main fraction (b. p. over 190704 mm.; 
% 1*4743) (Found: C, 48*55; H, 8*2; OMe, 40*8. Dimethyl 
methylglucoside, C 9 H 18 0 6 , requires C, 48*6; H, 8*1; OMe, 41*8%). 
The undistillable residue was a glass and consisted essentially of 
monomethyl methylglucoside (Found : C, 45*7; H, 7*2; OMe, 28*9. 
Calc, for C 8 H 16 0 8 , C, 46*15; H, 7*7; OMe, 29*8%). About 5% 
of the total sugars formed from the dextrin consisted of this 
material, which almost certainly originates in incomplete 
methylation. 

Attempts to establish the constitution of the dimethyl glucose 
isolated in the present section of the research led to no final conclu¬ 
sions. The sugar failed to crystallise and formed no phenylosazone; 
it also failed to enter into condensation with acetone when dissolved 
in this reagent containing 0*2% of hydrogen chloride, but reacted 
when the concentration of acid was raised to 1*3%. No definite 
benzylidene derivative could be prepared, either from the sugar or 
from its methylglucoside, but the combined results, although not 
conclusive, favour the view that of the two alternatives, 2 : 3- or 
2:5-dimethyl glucose, the latter is more probable. 

We desire to express our indebtedness to the Department of 
Scientific and Industrial Research for a Research Assistantship 
granted to one of us. 
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CCCCV .—The Electrical Conductivities of Hydrogen 
Chloride and Potassium Chloride in Water and 
Acetone-Water Mixtures . 

By Thomas Kerfoot Brownson and Frank Maurice Cray. 

The electrical conductivities of a large number of salts in acetone- 
water mixtures have been measured, especially by Jones and his 
co-workers (Jones, Bingham, and McMaster, Z. physikal. Ghem 
1906, 57,193, 257; Jones and Mahin, Carnegie Institute of Washing¬ 
ton Publication , 1913,180, 193). 

The present investigation of the electrical conductivities of 
hydrogen chloride and potassium chloride in water and acetone- 
water mixtures was carried out to obtain information in connexion 
with a research upon the preparation of solutions of standard 
hydrogen-ion concentration and the measurement of indicator 
ranges in an acetone-water mixture containing 10% by volume of 
water (Cray and Westrip, Trans, Faraday Soc 1925, 21). Owing 
to the nature of the investigation, it was necessary to obtain a 
high order of accuracy. 

A detailed survey has been made of the alteration in the electrical 
conductivities and the degree of dissociation of these electrolytes 
over a wide range of dilutions in solvents ranging from pure water 
to the acetone-water mixture containing only 5 volumes of water 
in 100 volumes of the mixed solvent. Conductivity measurements 
have been made for hydrogen chloride in water and eight mixtures 
of acetone-water and for potassium chloride in water and six 
acetone-water mixtures at 20° and 25° and at dilutions ranging 
from 10 to 10,000 litres per gram-molecule. 

Experimental. 

Materials .—Acetone was dehydrated over fused calcium chloride 
and distilled fractionally at least twice immediately before use, 
care being taken to avoid contamination from the air. The acetone 
distilled between 56-2° and 56*3° at 760 mm., and none with a 
specific conductivity greater than 0*5 x 10~ 7 mho. at 20° was used, 
This acetone compares favourably with that obtained by other 
investigators {e,g. 9 Dutoit and Levier, J, Chim, Phys ., 1905, 3, 435; 
k 0*5—2-0 X 10” 7 mho. at 20°. Benz, Dissertation, Lausanne, 
1905; « 0*22 x 10“ 7 mho. at 18°). 

The water was prepared from high grade distilled water by a 
double distillation and had a specific conductivity less than 
1*2 x KT 6 mho at 20°. 
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The hydrochloric acid was prepared in normal solution and its 
strength determined gravimetrically from time to time. 

The potassium chloride (A.R. quality) was recrystallised three 
times from conductivity water, heated for some hours at 120°, and 
kept in a vacuum desiccator. Standard solutions were made up 
as required by direct weighing and standardised against silver 
nitrate. 

Preparation of Solutions .—All mixtures of acetone and water 
were made up to contain the specified volume of water in 100 volumes 
of the mixed solvent, the final volume adjustment being carried out 
at 15°. Great care was paid to this dilution on account of the 
considerable contraction in volume (Reilly, Proc. Roy. Dublin Soc., 
1919, 15, 43) and change in temperature which take place upon 
mixing acetone and water. 

In each series of conductivity measurements, the most con¬ 
centrated solution and occasionally the more dilute solutions of 
hydrogen chloride and potassium chloride were prepared in 4 manner 
similar to the above, the requisite volume of acid or salt solution 
replacing an equivalent volume of water. Subsequent dilution was 
carried out using specially standardised flasks and pipettes. This 
method was considered preferable to direct weighing on account of 
the volatility of the acetone. 

All measurements were carried out on the same day as the 
solutions were made up and these were kept in the dark until actually 
required. 

The range of dilutions covered in the case of potassium chloride 
was limited by its sparing solubility, especially in solvents rich in 
acetone. The electrical conductivities were measured at dilutions 
up to 10,000 litres except in solvents with a high water content; 
the highest dilution was then 2,500. 

Apparatus .—The usual type of Kohlrauseh apparatus modified 
as described below was used with a thermionic valve oscillator as 
the source of alternating current and with the telephones across tho 
ends of the bridge wire (Schlesinger and Reed, J. Amer. Chem. Soc „ 
1919, 41, 1727). The bridge wire, calibrated by the method of 
Strouhal and Barus and of accurately measured resistance, could 
be extended at either end by means of non-inductive standard 
resistance coils. The other arms of the bridge contained a standard 
resistance box and the electrolytic cell respectively, whilst two 
variable air-condensers were arranged in parallel, so that they could 
be connected in parallel across either arm of the bridge as required, 
in order to balance the capacities in the system. 

All connecting wires were of stout copper and of known resistance, 
which was corrected for when necessary. 
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The thermostats were regulated to ± 0*05° by means of Lowry 
regulators with electrical control and all metal parts were earthed. 

Source of Current .—Taylor and Acree (J. Amer. Chem. Soc. 9 1916, 
38, 2415) have shown that the resistance of an electrolyte in aqueous 
solution measured between platinised electrodes of half-inch 
diameter alters with frequency up to 600 cycles, but that there is 
no change of resistance at high frequencies, which were investigated 
up to 2,000 cycles. 

Preliminary work on these acetone-water mixtures with an 
induction coil as the source of alternating current showed that 
accurate reproducible results were unobtainable on account of the 
lowness and inconstancy of the frequency together with the unsym- 
metrical and irregular nature of the current. This source of current 
was therefore discarded in favour of a Sullivan thermionic valve 
oscillator, the frequency of the alternating current being readily 
adjustable by means of the anode condenser. The frequency used 
in this investigation was 1060 cycles, which was sufficiently high to 
reduce the possibility of polarisation in the cell and also gave a note 
readily detected in the telephones. 

A cathode ray oscillograph was used to ascertain whether the 
current had a pure sinusoidal form. 

No difficulty was experienced even at the highest dilutions in 
obtaining an excellent minimum in the telephones, when the resist¬ 
ances and capacities were accurately balanced. 

Conductivity Cells .—Taylor and Acree (loc. cit .) have shown that 
in aqueous solution, whilst there is no change of resistance with 
change in frequency when platinised electrodes are used at fre¬ 
quencies above 600 cycles, there is a fall in resistance with increasing 
frequency when plain platinum electrodes are used. When these 
results are extrapolated to infinite frequency, the resistance measured 
with plain electrodes is identical with that found at the lower 
frequencies with platinised electrodes. 

A preliminary survey of the behaviour of electrodes in acetone- 
water mixtures showed that the resistances of solutions measured 
with plain electrodes were higher than the resistances 6f the same 
solutions measured with platinised electrodes, but that the dis¬ 
crepancy between them decreased as the resistance of the solution 
being measured increased. Thus, in the acetone-water mixture 
containing 10% by volume of water, the results obtained at the 
higher dilutions with either electrode surface were substantially 
identical. 

The possibility of error due to the catalytic action of the platinum 
black on the acetone was investigated in a series of experiments in 
which the specific conductivities of hydrogen chloride solutions 
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containing one gram-molecule in 20, 500 and 5,000 litres of 95:5 
acetone-water were measured at 20° for periods up to 50 minutes, 
during which time the current was passing through the cell. 

The maximum alteration in specific conductivity of these solutions 
over this period was ± 0*15% at the highest dilution, but as the 
changes were in the direction of both increased and decreased specific 
conductivity, any alteration was ascribed to temperature fluctu¬ 
ations and experimental error in determining the bridge setting. 

The conclusion is drawn that the use of platinised platinum 
electrodes is not attended by objection in acetone-water mixtures 
on account of catalytic action of platinum black on the solvent. 

Three cells having cell constants 0*5703, 0*4686, and 0*1686 were 
used for the measurement of the specific conductivities of the 
electrolyte solutions. The standard solution for determining these 
constants was 0*02iV-aqueous potassium chloride; its specific 
conductivity at 25° being taken from the results of A. C. Melcher 
(Noyes and Falk, J . Amer . Chem . Soc ., 1912, 34, 454). The cell 
constants were checked at. frequent intervals during the course 
of the research and wherever possible the conductivity of a solution 
was measured in two cells having respectively low and high cell 
constants. 

The cells were all of the same type, consisting of a tubular borosili- 
eate glass vessel, closed by means of a stopper and fitted in each 
case with lightly platinised platinum disk electrodes, 1 cm. in 
diameter, mounted vertically on stout platinum leads, which were 
carried through the walls of the vessel into side tubes containing 
mercury. 

Solvent Correction and Calculation of the Equivalent Conductivity 
at Infinite Dilution ,—The corrections which should be applied to 
values of the specific conductivities of electrolytes on account of the 
conductivity of the solvent itself have been discussed by several 
investigators. Kendall («/. Amer, Chem . Soc., 1917, 39, 7) has 
summarised the position and concludes that, if the solvent is of 
sufficiently high degree of purity, no correction need be applied in 
the case of acids stronger than acetic acid throughout the ordinary 
range of dilution, but that where the electrolyte is the salt of a strong 
acid and strong base, substantially accurate values are obtained by 
the procedure of Kohlrausch, namely, direct subtraction of the 
whole of the solvent conductivity. 

The dissociation constant calculated for hydrogen chloride from 
conductivity measurements falls as the percentage of acetone in 
the mix ed solvent increases, but even in the solvent containing 5 
volumes of water in 100 volumes of acetone-water it is approx¬ 
imately 6 x 10"^ at ^ compared with 1*8 x 10~ 5 at 25° for acetic 
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acid iii water. Consequently, no correction has been applied on 
account of the conductivity of the solvent itself to the values obtained 
for hydrogen chloride in these acetone-water mixtures, but in the 
case of potassium chloride the whole of the solvent conductivity 
has been subtracted. 

In all cases the specific conductivity of the solvent was small in 
comparison with that of the electrolytes, even at the highest 
dilutions. 

The values for the equivalent conductivity at infinite dilution 
have been calculated by the method suggested by Washburn 
('/. Amer . Ghent. Soc.> 1918, 40, 122) from the equivalent con¬ 
ductivities at the highest dilutions measured, the value of the 
mass-action expression X 0 2 /X CO (X CO — l v )v being plotted against the 
concentration for various assumed values of X^ and that figure 
for X OT being taken as the most probable which led to no abrupt 
rise or fall in the curve at the highest dilution. 

The degree of dissociation of the electrolytes has been obtained 
from the expression a = X^/X^, no account being taken of the 
change of viscosity with dilution. 

Results . 

The influence of variation in the composition of the solvent will 
be shown to be extremely marked in acetone-water mixtures of 
high acetone content, especially in the case of the more concentrated 
electrolyte solutions. Thus, alteration in the water content from 
5 to 10% by volume is accompanied by a 100% change in the 
equivalent conductivity at dilution v 50 and by a 2*5% change 
atv ~ 10,000. The measurements in all acetone-water mixtures 
were repeated several times with different samples of acetone. Thus, 
in the case of hydrogen chloride in the solvent containing 10% by 
volume of water, nine separate series of measurements at all dilutions 
were made with different samples of acetone. The results given in 
all cases are the mean values. In the solvent mentioned, the 
variation from the mean of these nine series of results over all 
dilutions was ± 0*5% and the reproducibility in solvents richer 
in water was of considerably higher degree of accuracy. In the 
solvent containing 50% by volume of water, the variations were only 
± 0-2%, the results in the different series being in the same relative 
order at all dilutions. 

A series of at least ten measurements with different bridge settings 
was made for every solution, the maximum divergence from the 
mean being generally less than ± 0*05%. 

Owing to the considerable difficulties in obtaining really accurate 
values in pure acetone, due particularly to the marked effect of 



2928 BROWNSON AND CRAY : THE electrical condijotivities 

Table I. 

Equivalent conductivities of hydrogen chloride in acetone-water 

mixtures at 25°. 

Volume % of water 


V 

5 

10 

20 

35 

50 

65 

80 

90 

100 

10 

— 

20-89 

51-49 

99-44 

149-7 

202-1 

270-1 

321-3 

389*9 

20 

13-76 

— 

_ 

— 

— 

— 

— 

— 

— . 

25 


30-81 

63*93 

110-1 

158-0 

211-0 

281-6 

332-0 

401-0 

50 

19-70 

38*93 

72-88 

116-9 

162-7 

215-9 

286-8 

336-0 

406-4 

100 

26-15 

48-42 

80-56 

122-6 

167-3 

219-7 

290-3 

341*0 

411-0 

250 

37-50 

63-40 

91-40 

129*0 

172-5 

224-3 

293-3 

344-2 

415-3 

500 

48-08 

73-96 

96-55 

132-2 

174-2 

225*8 

295-0 

346-6 

418-0 

1,000 

60-39 

83-13 

* 100-8 

133-8 

175-4 

226-6 

296-4 

348-0 

419-5 

2,500 

77-47 

93-16 

104-9 

135-8 

175-9 

227*3 

297-3 

348-9 

420-7 

5,000 

88-41 

98-22 

106-4 

137-0' 

176*3 

227-5 

__ 

__ 

— 

10,000 

97-61 

101-5 

107-7 

137-7 

176*5 

__ 

_ 


— 

CO 

(US'S) 

(105-5) 

(109-1) 

(138-5) 

(176*8) 

(227-8) 

(297*9) 

(349-6) 

(422-0) 

of solvent in 

0-054 

0-11 

0-20 

0-30 

0-44 

0-55 

0*75 

0*85 

1-0 


mho x 10 - * 


Table II. 

The equivalent conductivities of hydrogen chloride in acetone-water 

mixtures at 20°. 

Volume % of water. 


V, 

5. 

10 . 

20 . 

35. 

50. 

80. 

100 . 

10 

— 

19-70 

47-86 

90-77 

135*7 

247-0 

362-5 

20 

13-21 

— 

— 

— 

— 

— 

— 

25 

— 

28-77 

59*02 

100-4 

143-1 

257-6 

372-5 

50 

18-97 

36-55 

67*20 

106-4 

147-1 

262-4 

376*9 

100 

25-05 

45-37* 

74-24 

111-7 

151-1 

265-1 

380*6 

250 

35-90 

59-29 

84*10 

117-3 

155*6 

267-8 

384*5 

500 

45-88 

69-00 

88-60 

119-9 

157-1 

269-4 

387*2 

1,000 

57-54 

77-28 

92-35 

121*3 

158*1 

270-4 

388*1 

2,500 

73*55 

86-50 

96-10 

123-0 

158*6 

271-3 

389*5 

5,000 

83*80 

91-25 

97-25 

123-7 

158-9 

— 

— 

10,000 

92-56 

94-40 

98-40 

124-5 

159-1 

— 

— 

oo 

(106*4) 

(98*0) 

(99-7) 

(125-2) 

(159-3) 

(272*0) 

(390*6) 

tc of solvent 

0-049 

0*09 

0*18 

0-26 

0-40 

0*68 

0*90 


in mho X 

io-« 

Table III. 

The equivalent conductivities of potassium chloride in acetone-water 

mixtures at 25° 


Volume % of water. 


V. 

5. 

10 . 

20 . 

35. 

50. 

66 . 

100 . 

50 

— 

— 

53-20 

59*75 

67*45 

80*40 

138*6 

100 

.— 

58*90 

60-32 

64*47 

70*80 

82-09 

141*6 

250 

— 

72-95, 

68*50 

68-49 

74*02 

85*20 

145-2 

500 

— 

82*50 

73-20 

70-95 

75-70 

86-00 

146*7 

1,000 

98-39 

89-00 

76*54 

73-00 

76-61 

86-70 

147-7 

2,000 

108*1 

— 

—• 

_ ■ 

_ 



2,500 

— 

98*80 

79-80 

74*65 

78-00 

87*75 

149-1 

5,000 

117*9 

99-15 

81-30 

75-90 

78-64 

88-40 

_ 

10,000 

122*4 

101*3 

82*80 

_ 

_ 


. 

00 

(127*7) 

(103*7) 

(84-50) 

(77*30) 

(79*40) 

(89*10) 

(150*1) 

•of solvent 
% mho X 

0*054 

0*11 

0*20 

0*30 

0*44 

0*55 

1*0 
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Table IV. 

The equivalent conductivities of 'potassium, chloride in acetone-water 

nixtures at 20°. 

Volume % of water. 


V . 

5. 

10 . 

20 . 

35. 

50. 

65. 

100 . 

50 

— 

— 

48-81 

53-81 

60-00 

71-27 

125-5 

100 

— 

55-05 

55-20 

57-81 

63-02 

72-78 

128-2 

250 

— 

68*13 

62-60 

61-39 

65-80 

75-28 

131-0 

500 

— 

76-40 

66*85 

63-60 

67-10 

76-05 

132-1 

1,000 

92-31 

82-28 

69-91 

65-42 

68-01 

76-70 

132-9 

2,000 

101-5 

— 

_ 

— 

— 

_ 

_ 

2,500 

— 

88-40 

72-75 

66-60 

69-03 

77-50 

134-3 

5,000 

110-2 

91-70 

74-00 

67-70 

69-65 

78-00 

_ 

10,000 

114*3 

93-60 

75-30 

— 

— 

_ 

_ 

00 

(119-1) 

(95-7) 

(76-90) 

(68-90) 

(70-3) 

(78-60) 

(135-2) 

k of solvent 

0-049 

0-09 

0-18 

0-26 

0-40 

0-50 

0-90 


in mho x 
10 -* 

Table V. 

The equivalent conductivities of hydrogen chloride in water at 18° and 
25° and of 'potassium chloride at 25°. 

Hydrogen chloride. 




w 

00 

o 


25°. 







^ - 

. - s 

Potassium chloride. 







25°. 




Goodwin and 

Bray and 

/ - 

-— 

■ 1 " 



Haskell 


Hunt 



Lorenz 


This 

(inter- 

This 

(inter- 

This 


(inter¬ 

V. 

research, polated). 

research, polated). 

researoh. Melcher. 

polated). 

10 

351-7 

351-4 

389-9 

390-4 

'— 

129-0 

_ 

25 

362-0 

— 

401-0 

400-7 

135-4 

— 

135-1 

50 

364-9 

365-5 

406-4 

406*7 

138-6 

138-65 

138*6 

100 

368-5 

369-2 

411-0 

411-6 

141-6 

141-4 

141-6 

250 

372*3 

373*6 

415-3 

416*4 

145*2 

— 

144-75 

500 

374-9 

375-0 

418-0 

418*6 

146-7 

146-5 

146-55 

1000 

375-8 

375-9 

419-5 

419-0 

147-7 


147-75 

2500 

377-2 

— 

420*7 

— 

149-1 

1 — 

149-22 

oo 

(378-2) 

— 

(422*0) 

— 

(150-1) 

(150-6) 

— 


even the slightest trace of water, this solvent has not been studied 
in this investigation. Results can be extrapolated for pure acetone 
from the values given, but it is hoped in the future to investigate 
the problem experimentally, as the only data available are very 
incomplete (Carrara, Gazzeita , 1897, 27, i, 207; Sackur, Ber., 1902, 
35, 1248). 

The values for hydrogen chloride are all observed values, being 
unconnected, and those for potassium chloride corrected by sub¬ 
traction of the solvent conductivity. Kendall (J. Amer. Chem. Soc 
1917, 39, 7) gives 379*1 as the most probable value of for 
hydrogen chloride in water at 18°, and 422*7 at 25°, 

References .—Goodwin and Haskell, Physical Rev., 1904, 19, 
380. Bray and Hunt, J. Amer. Chem. Soc. 3 1911,33, 781. Meloher, 
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see Noyes and Falk, ibid. , 1912, 34, 154. Lorenz, Z. anyew. Ghent., 
1921,116, 161. 

Discussion. 

The Influence of the Solvent on the Equivalent Conductivity of 
Potassium Chloride and Hydrogen Chloride .—The influence of the 


Fig. 1. 



solvent upon the equivalent conductivity of hydrogen chloride in 
these acetone-water mixtures is extremely marked (Kg. 1). Accord¬ 
ing to the classical theory of electrolytic dissociation, this arises 
from two causes; first, the (effect of the solvent upon the migration 
velocities of the individual ions and secondly, upon the degree of 
diss<H3iation of the electrolyte. The equivalent conductivity at, 
infesifee dilution falls rapidly as water is replaced by acetone up to 
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about 85% of acetone by volume, followed by an increase of con¬ 
ductivity in acetone-water mixtures richer in acetone. The effect 
of alteration in the degree of dissociation of the electrolyte is shown 
by the equivalent conductivities at finite dilutions and accounts 
for the points of inflexion in the equivalent conductivity-composition 
of the solvent curves (Fig. 1) at the acetone-water mixture containing 
10% by volume of water, where the solvent has a marked effect 
upon the degree of dissociation of the electrolyte (Fig. 3). 


Fig. 2. 



The nature of the equivalent conductivity-composition of the 
solvent curves for potassium chloride in acetone-water mixtures 
differs greatly from the case of hydrogen chloride. The equivalent 
conductivity at infinite dilution falls to a minimum in the solvent 
containing 40% by volume of water (Fig. 2), but owing to the effect 
of the fall in degree of the dissociation of this electrolyte with 
increase in acetone content of the solvent (Fig. 4), this minimum 
changes with dilution and indeed in the case of dilutions «= 50 ; 
v ess 100, no minimum is observable within the limited range of 
acetone-water mixtures which can be studied at those concen- 


2932 BR0WNS0N AND CRAY : THE ELECTRICAL CONDUCTIVITIES 

trations on account of the low solubility of potassium chloride in 
mixtures rich in acetone. 

Numerous investigators have attempted to show the dependence 
of the equivalent conductivity at infinite dilution on the physical 
properties of the solvent. Hartley, Thomas, and Applebey (J.» 

Fig. 3. 



1908, 93, 538), on the assumption of the applicability of Stokes’ 
law to an ion moving with a spherical solvent atmosphere sur¬ 
rounding it, have shown that if the ionic radii of the anion and 
kation respectively do not vary with the composition of the solvent, 
then X„>? = constant, where y is the viscosity of the solvent. 

Walden (Z. phydM. CAem., 1906, 63, 242; ,1911, 78, 273, 278, 
ete.) has shown that theproduct is constant and independent 
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of the temperature for tetramethylammonium iodide, tetrapropyl- 
ammonium iodide, potassium iodide and other organic salts in a 
large number of organic solvents, but he has also shown that solvents 
with large association factors and high dielectric constants give 
variations from this rule. Creighton (J. Franlclin Inst 1919,187 > 
33) found that deviations were shown by trimethyl-p-tolylamraonium 
iodide in several organic solvents. 

The viscosities of acetone-water mixtures rise to a maximum in 
the solvent containing approximately 60% by volume of water 
(Davis, Hughes, and Jones, Z. physikal. Chem ., 1913, 85, 535), 
whereas the equivalent conductivity at infinite dilution of potassium 


Fig. 4. 



ohloride in acetone-water mixtures has been shown in the present 
research to be a minimum in the solvent containing 40% of water 
by volume. No constancy of the expression can be expected. 
The equivalent conductivity of the electrolyte at infinite dilution 
is therefore dependent not only on the viscosity of the solvent but 
also on its other physical properties, for example, its state of associ¬ 
ation and dielectric constant. 

In aqueous solutions the conductivity of hydrogen chloride is 
exceptional owing to the high value of the mobility of the hydrogen 
ion. In acetone-water mixtures of high acetone content, however, 
the mobility of the hydrogen ion does not differ greatly from that 
of the potassium ion, as the equivalent conductivity of hydrogen 
chloride at infinite dilution is only slightly higher than that of 
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potassium chloride in the acetone-water mixture containing 10% 
by volume of water. In the solvent containing 5% by volume of 
water, it is actually smaller. 

The Influence of the Solvent on the Degree of Dissociation .—The 
influence of the solvent upon the degree of dissociation of electrolytes 
has been formulated in the well-known Nernst-Thomson rule. 

Bruhl (Z. physikaL Ghem 1899, 30, 1) has pointed out that no 
absolute proportionality can exist between the dissociating power 
and the dielectric constant of the solvent, as the latter varies greatly 
with temperature and also with frequency. 

The values of the degree of dissociation of hydrogen chloride and 
potassium chloride calculated from the expression a = are 
in Table VI, and the influence of the solvent is shown in Pigs. 3 
and 4. 

The influence of temperature upon the degree of dissociation of 
the electrolytes in acetone-water mixtures is, as would be expected, 
more marked the greater the concentration and the smaller the 
degree of dissociation of the electrolyte and the dielectric constant 
of the solvent. 


Table VI. 

The degree of dissociation of hydrogen chloride and potassium chloride 
in acetone-water mixtures at 20° and 25°. 

Hydrogen Chloride . 

Volume % of water 



20° 25° 20° 25° 20° 25° 20° 25° 20° 25° 20° 26°. 20°. 25° 

10 -r- — 0-201 0-108 0-480 0*472 0*725 0*718 0-852 0-847 0-908 0-900 0-928 0*925 

25 — — 0-295 0-292 0-592 0-586 0-802 0-795 0-899 0*894 0-947 0*945 0-958 0*950 

50 0-178 0*176 0-373 0-369 0-074 0*668 0-850 0-844 0-928 0*920 0*965 0*968 0*905 0*903 

100 0*236 0*233 0*463 0*439 0*744 0*738 0*892 0*885 0*949 0*946 0*975 0*974 0*974 0*974 

250 0*837 0*334 0*605 0*601 0*843 0*838 0-937 0*931 0*977 0*975 0*984 0*984 0*984 0*984 

500 0*431 0*428 0*704 0*701 0-880 0*885 0-958 0-954 0*980 0*985 0*991 0*900 0*991 0*991 

1*000 0*541 0*538 0*789 0*788 0*920 0*924 0-069 0-966 0*093 0*992 0*994 0-903 0*094 0*904 

2,500 0*691 0-690 0*883 0*883 0*964 0*962 0*982 0*980 0*996 0*995 0*097 ,0-998 0*997 0*907 
6,000 0*787 0*788 0*931 0*931 0*975 0*975 0-1)89 0-089 0*998 0*997 — — — — 

10,000 0*870 0*870 0*963 0*962 0-987 0*987 0-994 0-994 0*5)90 0*998 — — -- 


Potassium Chloride. 


Volume % of watnr. 



20° 25°. 20° 25° 20° 25° 20° 25° 20° 25° 20° 25° 20° 25° 

50 .— — — — 0-685 0-630 0-781 0*773 0*853 0-850 0*907 0*002 0*928 0*923 

*100 —*.■■ —. 0-575 0-568 0*718 0*714 0*839 0*834 0-896 U-892 0*920 0*921 0*948 0*948 

— — 0-712 0*704 0*814 0-811 0*891 0*886 0*936 0*932 0*958 0*966 0*969 0*967 

■ 52? Jr ■■ ■ — >798 0-869 0*866 0*923 0*918 0*954 0*954 0*968 0*966 0*977 0*977 

1,000 0*773 0*770 0*860 0-858 0-909 0-906 0*949 0*944 0*967 0*965 0*978 0*973 0*983 0*988 

r~ >934 0-924 0*946 0*944 0*987 0-966 0*982 0*982 0*986 0*985 0*994 0*998 

_5,000 0*925 0*923 0-938 0*966 0*962 0*962 0-983 0*982 0*991 0*980 0*992 0*992 — — 

10,000 0*960 0*958 0*978 0*977 0*979 0*980 — — — — , — ■ — — — 

The values of the O&twald expression, a 2 /(l ~ a)t?, show consider¬ 
ate alteration wiih dilution in water or acetone-water solvents and 
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in no case is a true constant obtained, but in mixtures rich in acetone 
the change with dilution is much less marked. 

Summary. 

(1) The electrical conductivities of hydrogen chloride and potas¬ 
sium chloride have been measured over a wide range of dilution at 
20° and 25° in acetone-water mixtures containing from 5 to 100% 
of water by volume. 

The equivalent conductivity of hydrogen chloride at infinite 
dilution falls sharply to a minimum in the solvent containing about 
85% of acetone, after which the change is small, an increase being 
noticed in solvents very rich in acetone. In other solutions, the 
equivalent conductivity falls as the acetone content increases, as 
the result of the influence of the solvent upon the degree of dis¬ 
sociation of the electrolyte as well as upon the migration velocities 
of the individual ions. 

The equivalent conductivity of potassium chloride at infinite 
dilution falls to a well-defined minimum in the solvent containing 
approximately 40% by volume of water, but at other dilutions, 
owing to the change in degree of dissociation of the electrolyte, this 
minimum shifts and in more concentrated solutions, v — 100 and 
v = 50, no minimum is observable in any acetone-water mixture 
in which the solubility of this electrolyte allows the measurement to 
be made. 

(2) It is shown that the use of platinised platinum electrodes is 
not attended by error due to catalytic influence upon the acetone 
in the mixed solvents studied. 

(3) The influence of temperature upon the degree of dissociation of 
these electrolytes is more marked the higher the acetone content of 
the solvent and the higher the concentration of the solution. 

(4) The Ostwald dilution law does not hold fully in any acetone- 
water mixture investigated, but, as the acetone content increases, 
gives values more nearly approaching a constant at all dilutions. 

We wish to express our indebtedness to Dr. G. Rotter, G.B.E., 
and Dr. J. N. Bring for their interest in this work, which is published 
by permission of the Director of Artillery, War Office. 

Rbsbaroh Department, 

Royal Arsenal, Woolwich. [Received, August 21 at, 1925 .] 
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CCCCVL —The Velocity of Decomposition of Heterocyclic 
Diazonium Salts . Part I. Diazonium Salts of the 
Pyrazole and Pyrazolone Series . 

By Joseph Reilly and Denis Madden. 

Hitherto, so far as the authors are aware, no quantitative measure¬ 
ments of the stability of heterocyclic diazonium salts have been made. 
Qualitative examination has shown that aminopyrazole and amino- 
pyrazolone compounds form a very distinct group, and, therefore, 
an investigation has been made, in the first instance, of the com¬ 
parative stability of these substances under certain conditions. The 


Fig. 1. 



physicochemical method of Hausser and Muller (Bull. Soc. chin., 
1892, 7, 721), or the modification of it devised by Cain and Nicoll 
(J., 1902,81,1412), was found unsuitable for this particular problem, 
owing to the extraordinary comparative stability of some of the 
compounds examined, and the consequent exceptionally long period 
of time during which the reaction had to be followed. The process 
adopted by the authors was to heat a definite volume of a solution 
containing a known weight of the amine (sufficient to give 56 c.c. 
of gas at 8.T.P., normal diazotisation being assumed) in a specially 
constructed quartz vessel, A (Pig. 1), fitted with a ground stopper 
into which was sealed a tube passing to the bottom of the vessel. 
The vessel was contained in a thermostat, B, at 101-5°, which 
temperature was found to keep the solution of the diazonium salt 
at 100°, and was connected through a condenser, C, to a water* 
jacketed mirometer, D. A current of •,air-free carbon dioxide was 
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periodically passed through the solution, and the liberated nitrogen 
was collected over concentrated aqueous potassium hydroxide. 

By this method it, is possible to overcome the difficulties met with 
by earlier investigators. The air is completely expelled from the 
apparatus, the vessel containing the solution is placed in the thermo¬ 
stat, and a current of carbon dioxide is passed through it until the 
temperature becomes constant (the necessary time having been 
determined in a control experiment); the nitrogen evolved during 
this time is collected and measured. It is thus possible to have an 
exact starting point for a solution of definite concentration. Further, 
no allowances such as had to be made by former investigators are 
necessary for the expansion of the solution and of the air in the 
apparatus. (The apparatus is so arranged that the air space between 
the surface of the solution and the mercury in the nitrometer is as 
small as conveniently possible.) 

l-Phenyl-2 : Z-dimethylpyrazoloneA-diazonium Chloride (Anti- 
pyrineA-diazonium Chloride). —A solution of 0-5075 g. of 4-amino- 
antipyrine in air-free water and 7*5 c.c. of A-hydro chloric acid (3 
equivs.) was treated with 20 c.c. of aqueous sodium nitrite (1-73 g. per 
200 c.c.), and the resulting solution made up to 70 c.c. The solution 
of the diazonium salt, originally pale yellow, developed a reddish- 
brown colour on warming. This evidence of a secondary reaction 
is supported by the fact that after 90% of the substance had de¬ 
composed the rate of gas evolution declined rapidly. The decom¬ 
position, however, was mainly a unimolecular reaction. In the 
table, x = the volume of nitrogen evolved after t hours (measured 
at 22° and 766 mm.), and Jc = lft, log {a/(a ~ a;)}, where a the 
theoretical volume of 44 diazo ’’-nitrogen under the same conditions 


(- 60 c.c.). 








t. 

x . 

k x 10 3 . 

t . 

X* 

k X 10 3 . 

t 

x . 

k X 10\ 

0 

0*2 

_ 

7 

34*4 

52*84 

144 

49*6 

52*50 

1 

8*0 

02*15 

8 

37*5 

53*20 

15} 

50*5 

51*60 

2 

13*4 

64*80 

9 

40*1 

53*20 

16* 

51*2 

50*60 

3 

18*2 

52*32 

10 

42*4 

53*31 

17} 

51*8 

50*00 

4 

22*7 

51*61 

11 

44*3 

53*00 

20} 

53*0 

46*00 

5 

27*0 

51*93 

12 

46*1 

52*93 

22} 

53*4 

— 

6 

30*8 

52*13 

13 

47*7 

53*00 





Neither the addition of excess of acid nor the introduction of a small 
amount of colloidal gold had any marked effect on the rate of 
decomposition. 

AntipyrineA-diazonium Nitrate .—The rate of decomposition was 
of the same order as that- of the chloride. The amount of secondary 
reaction was, however, slightly greater, the rate of gas evolution 
falling off more rapidly towards the end. 

AntipyrineA-diazonium Sulphate. —The rate of decomposition was 
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much more rapid at the beginning, and did not follow the uni- 
molecular law, the value of k falling from 0-1305 (8 c.c. in the first 
£ hour) to 0-0544 (38-8 c.c. in 9 hours); a being 57-35 c.c. That the 
amount of secondary reaction was considerably greater was shown 
by the more marked deepening of colour, and the formation of a dark 
reddish-brown precipitate. 

The rate of decomposition, then, is in tills case, considerably 
influenced by the nature of the anion, unlike the results obtained 
by Cain (Ber., 1905, 38, 2511) with benzenoid diazonium salts. 

3: 5-DimefJiylpyrazoleA-diazoniwn Chloride. —4-Amino-3:5-di~ 
methylpyrazole (0*2775 g.) was dissolved in 15 c.c. of hydrochloric 
acid (6 equivs.) and treated as in the foregoing cases. The amount of 
decomposition in 3 hours was almost inappreciable, less than 2% of 
the total “ diazo”-nitrogen being evolved. In a second experiment, 
3 equivs. of acid being used, the decomposition followed the peculiar 
course indicated by the following figures : 

Pressure =» 756 mm. Temp. — 18°. a = 60 c.c. 


t.. .. 01234567 

x . 0*0 1-0 2*4 4-2 6-0 7-8 0-7 11*6 

t . 8 9 10 II 12 14 16 IS 

x . 13*5 15*4 17*4 19-4 21-4 25*0 28-7 32-1 

t .. 20 24 28 32 36 40 44 48 

x ... 35-0 40-6 45*4 49-3 52-1 54*6 56*2 57*2 


These figures show that even after 48 hours’ heating the decom¬ 
position of the diazonium salt is not complete. It is evidently 
irregular at the beginning, less nitrogen being evolved during the 
first hour than during any of the subsequent 20 hours. This be¬ 
haviour is probably due to the existence of two isomerio forms of the 
diazonium chloride, and this view is supported by the faot that 
when a small quantity of the base is diazotised at the ordinary 
temperature and added to alkaline p-naphthol, no coupling takes 
place for some time, whereas a colour is immediately developed if 
the diazonium solution has previously been boiled for a few minutes. 
After the fourth hour, the decomposition proceeds with some degree 
of regularity, but not in accordance with the unimolecular law. 

3 : 5-DimethylpyrazokA-diazonmm Sulphate .—As in the case of 
the chloride, the reaction was irregular at the beginning. From 
the end of the fourth hour to the end of the twelfth hour the rate of 
decomposition followed the unimolecular law, the mean value of k 
being 0-0720. A solution of the diazonium salt containing an 
excess of sulphuric acid (6 equivs.) was remarkably stable, only 
2% of the total " diazo ‘-nitrogen being evolved in 3 hours. 

PymmkA^diazonium Chloride .—3 : 5-Dimethylpyrazole was con- 
v^ed by Knorr’s method (Annalen> 1894, 279, 218) into the corre- 
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sponding 3 : 5-dicarboxylic acid, the latter, however, being isolated 
from the oxidation product by the addition of hydrochloric acid 
without the intermediate formation of the acid potassium salt. 
Pyrazole, obtained by heating the dry dicarboxylic acid at 270— 
275°, was converted by Buchner and Fritseh’s method ( Annalen, 
1893, 273, 265) into the 4-nitro-compound. This was isolated by 
adding ice to the nitration mixture, and was reduced as follows: 
A solution of 3 g. of the nitropyrazole in 100 c.c. of moist ether was 
treated, with cooling, with a large excess of an aluminium-mercury 
couple during a few hours, complete reduction being indicated by 


Fig. 2. 



I o •Nilrohenzenediazonium chloride. II Pyrazole-^-diazonmm chloride. Ill 
l«Phenyl*2:Z-dimethylpyrazolone-4:‘diazonium chloride . Ilia l-Phenyl‘2 :3- 
dimethvlpyrazolone - 4 - diazonium sulphate. IV* 2: Z-Dimethylpyrazole-k- 
diazomum chloride. IVa 2 :Z~DimethylpyrazoleA-diazonium sulphate. 

the disappearance of the purple colour initially developed. The 
ether was distilled off, the residue extracted a few times with 
boiling alcohol, air being excluded, and the extract was immediately 
treated with hydrochloric acid. The product was evaporated, 
and the residue recrystallised from alcohol; 4-aminopyrazole 
dihydrochloride then separated. As the quantity obtained was 
small, the somewhat dark product was not further purified before 
diazotisation. 

The rate of decomposition of the diazonium chloride from 0-39 gr 
of the dihydrochloride approximately obeyed the unimolecular law. 
In 5 hours, 83% of the total “ diazo ’’-nitrogen was evolved, 
thereafter the rate of decomposition declined very rapidly.; 
much more rapid decomposition of this substance seems to indicate 
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that the methyl groups in diazotised 3 : 5-dimethylaminopyrazole 
have a stabilising influence on that diazonium salt. 

The comparative stability of the diazonium chlorides from 4- 
aminoantipyrine, 4-amino-3 : 5-dimethylpyrazole, and 4-amino- 
pyrazole may be judged from the curves in Fig. 2, showing the rate 
of gas evolution at various intervals. 

Of the large number of benzenoid diazonium salts investigated 
by Cain and Nicoll ( loc . cit.) the most stable (and the only two 
apparently sufficiently stable for examination at 100°) were those 
from o- and m-nitroaniline. The conditions under which the 
experiments described above were carried out were different from 
those employed by earlier investigators, but results closely analogous 
to those of Cain and Nicoll were obtained in a control experiment 
in which o-nitroaniline was used. A comparison of the results 
obtained from the diazonium chlorides in the pyrazole and pyrazol¬ 
one series with those from o- and m-nitroaniline is therefore justifi¬ 
able (for 4-amino-3 : 5 - dime thy lpyraz ole, the results are the mean 
of the experiments in which only 3 equivalents of hydrochloric 
acid were used in the diazotisation). 


Substance. 

Tc (t measured 
in mins.). 

% Decomp, 
in first hr. 

Time (mins.) 
for half de¬ 
composition* 

fn-Nitroamline . 

0*0332 

100 

10 

o-Nitroaniline .. 

0*00564 

54 

53 

4-Aminopyrazole . 

0*00317 

40 

80 

4-Ami noantipyxine... 

0*00088 

13 

360 

4*Amino-3 : 5-dimethylpyrazole . 

0*00030 

1*7—2 

1020 


In the case of 4-amino-3 ; 5 - dimethylpyrazole the rate of decom¬ 
position of the diazonium chloride was considerably slower (3 to 
4 times) when excess of acid (6 equivs.) was employed. It cannot be 
said, as of benzenoid salts, that the rate of decomposition in the case 
of heterocyclic diazonium salts is uninfluenoed by the nature of 
the anion, for the diazonium sulphates of both 4-aminoantipyrine 
and 4-amino-3 : 5-dimethylpyrazole decomposed much more rapidly 
than the corresponding chlorides. 

University College, Cork. [Received, September 1th , 1925.] 


CCCCVIL —The Swelling and Dispersion of Some 
Colloidal Substances in Ether-Alcohol Mixtures , 

By Ernest Walter John Marbles. 

It is well known that cellulose nitrate and Kauri copal each dissolve 
readily in a mixture of ethyl alcohol and ethyl ether, although the 
lk|uids taken singly are non-solvents, and that the solubility of 
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potassium stearate, sandarae resin, or night-blue in such a mixture 
is greater than the mean value of the solubilities in either con¬ 
stituent. This characteristic solvent action appears to be general 
with a large number of colloidal substances and mixtures of liquids, 
gelatin in water-acetic acid, potassium oleate in alcohol-water, 
casein in pyridine-water, but no satisfactory explanation of it 
appears yet to have been made. Baker’s view that in ether-alcohol 
mixtures the intrinsic solvent for cellulose nitrate is a loose molecular 
complex of alcohol and ether (J., 1912, 101, 1409) has been con¬ 
siderably criticised (Beport of Discussion on Colloids held jointly 
by the Faraday and Physical Societies, 1920). Barr and Bircum- 
shaw have proposed the hypothesis, previously rejected by Baker, 
that the “ best solvent ” of cellulose nitrate is unimolecular alcohol. 

A close study of the phenomena, in particular the gelation of 
the sols and swelling behaviour, indicates that a complete explan¬ 
ation must involve the significant fact that swelling precedes 
dispersion. The important bearing that swelling has on peptisation 
or dispersion in mixed liquids was recognised many years ago by 
Tompkins (op. cit. } appendix 2), but his view that dispersion is an 
extreme case of what in lesser degree is known as swelling is now 
regarded as erroneous. 

It appears that the ether in an ether-alcohol mixture not only 
acts as a diluent, disturbing the equilibrium (B*OH) n nB*OH, 
but also actually enters the complex which the molecules of the 
dispersion medium form with the colloid.* Baker pointed out that 
when the ether is replaced by another non-solvent there is not 
necessarily formed a solvent mixture for cellulose nitrate. Although 
he was probably right in ascribing to the ether an active part in 
the solvent action, yet his hypothesis as to the particular mode of 
action is not in accord with fact. 

It has been found as a general principle that the characteristic 
solvent action of mixed liquids cannot be ascribed to the intrinsic 
action of one kind of molecule or molecular complex, but whenever 
molecular simplification occurs in a liquid mixture there is increased 
solvent action. Therefore, when compound formation occurs 
between the components of a binary mixture, loss of solvent power 
is to be expected. Indeed, it is possible to use a colloidal substance, 
e.g,, cellulose acetate, to detect the presence of a molecular compound 
in a system of liquids (Mardles, J., 1924,125, 2244). 

The action of mixed liquids on colloids presents a number of 
striking features both with regard to swelling and to peptisation. 
If cellulose nitrate be soaked in dry ether or absolute alcohol, there 

* Kugelmass (Rec. trav. chim.> 1922, 41, 751) has shown that ether favours 
the peptisation of cellulose dinitrate, and aloohol that of the trinitrate*: " 

' ■ 50 % ' ■ ■ 
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is little apparent change even if the temperature be varied from 
— 80° to +100°, but a certain amount of swelling occurs. With 
the addition of the second liquid there is a rapid increase in the 
degree of swelling. For example, a film of cellulose nitrate, after 
immersion at the ordinary temperature for a few days, increased 
28% in weight in dry ether and 68% in absolute alcohol; in ether 
containing 5% (vol.) of alcohol the increase was 75%, and any 

Fig. 1. Fig. 3. 


The swelling of some colloidal sub- The swelling of some colloidal sub¬ 
stances in mixtures of ethyl alcohol and stances in mixtures of anisole and benzyl 
ethyl ether atlS 0 after! days’immersion, alcohol . 



Ether. Alcohol Anisole. Benzyl alcohol. 

Composition. Vol. %. Composition. Wt. %. 


About 10-15% of the copal dissolved. The chained line indicates the swelling 

The values for this substance refer to the of cellulose nitrate in a mixture of anisole 
undissolved portion and were obtained and phenol. 
by determining the amount of resin in 
the swollen clot. 

further addition of alcohol resulted in a very high degree of swelling. 
Similarly, the addition of 2*5% of ether to alcohol increased the 
ew^IJing to such an extent that less than one-third of the swollen 
mass was cellulose nitrate and dispersion of the more soluble 
constituents began.* 

In -Fig. 1 are shown the degrees of swelling, in ether-alcohol 
of (a) cellulose nitrate, (6) Zanzibar copal, (c) vulcanised 

* The 'litelose esters, like cellulose, and other colloidal substances, e.g., 
ih^resnns, emh&t^^neaua and it is possible to separate them into fractions 
different solnbdlity and viscosity. ;•/. 


Degree of swelling. 
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rubber, and (d) cellulose acetate* The degree of swelling is 
expressed as the weight of the swollen mass obtained from 1 gram 
of the dry colloid. 

Materials .—The ether was dried over sodium and fractionated. 
Absolute alcohol was used. The cellulose nitrate (N, 10*7%) was 
obtained in film form by leaving an acetone solution to evaporate 
slowly in a flat dish. The film was thoroughly dried by leaving 
it in the air for several months. About 0*5 g. of the film was 


Fig. 2. 

The solvent power of ethyl alcohol-ethyl ether mixtures for cellulose nitrate , 
Kauri gum, etc. 

Cellulose nitrate. 


I, Nitrogen content , 10*7%. II, 
Nitrogen content , 11-5%. Ill, 

Approximately 5% of water present 
in the solvent mixtures, and another 


I, Kauri copal* 
Cellulose, acetate. 


II, Benguda copal . Ill, 
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The solvent-power numbers were obtained by noting the relative quantities of a 
diluent , e.g., hexane, required to be added to 1 c.c. of the sol (concentration 5/100; 
temperature 20°) in order to start precipitation of the colloid . 

immersed in about 20 c.c. of the liquid. The Zanzibar copal used 
was from the same sample throughout, and the vulcanised rubber 
consisted of ordinary black rubber tubing extracted with acetone. 
The cellulose acetate (Bhone) had an acetyl content of 39*6%, 
corresponding with the formula C 12 H 15 0 5 (0*C0‘CH 3 ) 5 . ;,* 

The swelling results obtained for cellulose nitrate when dispersion 
did not occur seem to indicate that the degree of swelling in ; 

alcohol mixtures tends to increase enormously with further additions 
of the second liquid. The experiments of Masson, who 
that fibrous cellulose nitrate absorbed a maximum amount of 
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ether-alcohol vapour when this was composed of 1 mol. of ether 
and 1 mol. of alcohol, apparently support this view (op. cit., p. 95). 

It is significant that the optimum solvent mixture of alcohol and 
ether for cellulose nitrate has an equimolecular composition only when 
a little water is present. It contains more alcohol if the materials 
have been carefully dried (compare Stepanow, Z. ges. Schiess-u. 
Sprengstoffw 1907, 2, 43; Matteoschat, ibid., 1914, 9, 105). 

The close relationship between the degree of swelling and solvent 
action is shown clearly in the case of the copal resins. Zanzibar 
copal, one of the harder and more intractable copals, swells con¬ 
siderably in ether-alcohol mixtures, but the amount of dispersion 
is small. On the other hand, the softer Kauri resin dissolves in 
the mixtures and, on cooling sufficiently, either the solution gelates 
or the resin is precipitated as an amorphous mass. With Benguela 
copal of intermediate hardness, a part of the resin is dispersed and 
the remainder swells considerably. The optimum solvent mixture, 
i.e., the one which dissolves the resins most readily, forming solu¬ 
tions that are most stable against precipitation by cooling or addition 
of diluents, has practically the same composition as the mixture of 
liquids in which maximum swelling occurs in the case of the harder 
copals. The degree of swelling of Zanzibar copal reaches a maxi¬ 
mum when the proportion of ether is 70% by volume (Fig. 1), 
and this mixture exerts the maximum solvent action on Kauri and 
Benguela copal (Fig. 2). 

The very marked influence of swelling on dispersion is also shown 
by the study of the binary mixture anisole-benzyl alcohol. Cellu¬ 
lose nitrate is swollen but not dispersed by this mixture, and it is 
possible to plot the whole of the swelling curve. The swelling of 
cellulose acetate is considerable and dispersion occurs on warming, 
so it is possible to note the relation between degree of swelling and 
solvent action. Towards the copals, this binary mixture behaves 
as the previous one (Table I and Fig. 3). 

The anisole used had df. 0*989 and b. p. 155°. Of the benzyl 
alcohol, d 250 1-043, 95% distilled between 205° and 206°. 

It is seen from Table I that the swelling of cellulose nitrate 
continues in anisole during the 31 days, but becomes constant in 
some of the mixtures after 15 days. This fact, that the rate of 
swelling is highest when the swelling is greatest, is of importance 
in explaining why the “ best 55 solvent mixture disperses the most 
rapidly; for not only does the optimum solvent mixture often 
form the least viscous sol, so that the resistance to the diffusion of 
the colloidal particles from the surface during dispersion is at a 
minimum, but also the initial swelling of the colloid is most 
rapid. . - .. .. 
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Table I. 

The swelling action of mixtures of benzyl alcohol and anisole 
at 18°. a denotes the wt.% of anisole in the mixture, and b the 
degree of swelling. 

Cellulose nitrate. 


a ... 

.. 100 

74 

62*2 

50 

37*5 

28 

19*2 

b after 7 days ... 

.. 1*25 

1*75 

3*06 

2*0 

2*12 

2*13 

.— 

.. 15. 

.. 1*35 

2*80 

3*22 

2*90 

2*98 

2*83 

1*5 

„ 21 „ ... 

.. 1*42 

2*87 

3-22 

2*90 

2*98 

2*85 

2*1 

» 31 ,, 

.. 1*47 

2*92 

3*22 

2*90 

2*98 

— 

2*55 

a . . 

.. 13*7 

9*6 

0 





6 after 7 days ... 

1*37 

— 

Ml 





99 99 

... 1*80 

1*85 . 

1*27 





99 21 ,, ... 

... 2*25 

2*2 

1*4 





99 31 ,, ... 

... 2*5 

2*4 

1*56 







Zanzibar copal. 




a ... 

... 100 

80 

70 

60 

40 

20 

0 

6 after 2 days .... 

... 1*45 

2*1 

1*9 

2*2 

2*0 

2*2 

2*1 

„ 5 .. 

... 1*93 

2*9 

3*1 

3*2 

3*1 

3*1 

2*8 

„ 27 „ *.... 

... 2*0 

4*1 

4*2 






(i) Cellulose acetate and (ii) Gelatin (Coignet’s). 

a .. 100 75 47-5 30 12 0 

6 after 5 days (i) ... 1-09 3-85 6-6 8-2 6-0 2*6 

„ „ (ii) ... 1*06 1*05 1*00 1*00 1*03 1*07 

* By this time the resin was very soft and tacky and very difficult to 

manipulate. 

The swelling of cellulose acetate is at the maximum in the benzyl 
alcohol-anisole mixture containing 50% of anisole, and Table II 
shows that this is also the optimum solvent mixture. Similarly, 
the composition of the best solvent mixture for Kauri copal is 
practically that of the mixture in which Zanzibar copal swells 
the most. Air-dried cellulose acetate dissolved in benzyl alcohol on 
warming. On cooling rapidly, a 5% sol became turbid at 18° 
owing to separation of the acetate* The temperature of separation 
was first lowered and then raised on addition of anisole. 


Table II. 

The solvent action of mixtures of benzyl alcohol and anisole on 
cellulose acetate and Kauri copal. 

w — wt.% of anisole and t = temperature of precipitation or 
gelation. 

Cellulose acetate. 


to ...... 

. 0 

12 

26 

40 54 

66 

72 


.. 18° 

10° 

5° 

4° 12° 

38° 

65° 




Kauri copal. 



to ...... 

...... 100 

90 

75 

60 40 

20 

0 

t ......... 


33° 

—25° 

— 60° -52° 

—*42° 

—22® 
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The Kauri copal dissolved in anisole on warming, but separated 
when the temperature fell below 90°. The addition of benzyl 
alcohol facilitated the dispersing action and the solutions were 
stable at lower temperatures. 

The important influence of swelling on dispersion can be shown 
equally well with other binary mixtures, e.g., alcohol and water. 
Knoevenagel and his co-workers ( Roll. Chem. Beiheft , 1921, 1922, 
1923) have measured the swelling of cellulose acetate in a number 
of binary mixtures, and the solvent action of many of these mixtures 
on the same substance has been determined (Mardies, J. Soc. 


Fig. 4. 

The correlation of the aweUing of cellulose acetate in binary mixtures {Knoe¬ 
venagel) with solvent action. 




600 
500 
400 
300 
200 

100 

0 


Alcohol . Water. Nitrobenzene. Alcohol. 

— ■■ Degree of swelling ( Knoevenagel };- Temperature of precipitation 

(Mardles, loc. cit.). 


Chem. Ind., 1923, 42, 127). There is a close correlation in most 
cases, although different varieties of cellulose acetate were used. 

Gelatin and vulcanised rubber differ from the cellulose esters 
and the resins in that their degree of swelling in ether-alcohol 
mixtures is less than the mean value. 

The swelling of cellulose nitrate in phenol-anisole is quite different 
from that in benzyl alcohol-anisole, there being no maximum to 
the curve. 

Table III. 

The swelling of cellulose nitrate in phenol-anisole mixtures. 

Wk % of phenol ............... 0 10 27*5 44 

Degree of swelling ........... 1*47 1*39 1*21 1*07 


Degree of swelling . 
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A parallel behaviour is found in the dispersion process, for, if 
either ether or alcohol be replaced by another liquid, the charac¬ 
teristic solvent action of the ether-alcohol mixture is not necessarily 
repeated. The solvent power of various binary mixtures containing 
ether for the sample of cellulose nitrate used is shown in Fig. 5. 
The solvent power numbers were obtained in the manner already 
described (J., 1924, 125, 2244). 

The explanation of the characteristic dispersing action of mixed 
liquids must be sought in the cause of the increased swelling, and, 


Fig. 5. 


The solvent action of various "binary The solvent action of various binary 
mixtures of ethers and alcohols on cellulose mixtures containing ethyl ether on 
nitrate (N, 10*7%). cellulose nitrate (N, 10*7%). 



I, Benzyl methyl ether and ethyl alcohol. I, Ethyl ether and epichlorohydrin . 

II, Ethyl ether and ethyl alcohol . Ill, II, Ethyl ether and acetic acid. Ill, 

Ethyl e&er and benzyl alcohol . IV, Anisole Ethyl ether and acetone. IV, Ethyl 
and ethyl alcohol. ether and ethyl acetate. 


from the cases examined, the specific characters of the liquids and 
colloidal substances are evidently of primary importance. Cellulose 
nitrate in an ether-alcohol mixture probably attaches to its particles 
both kinds of molecules from the dispersion medium, and these 
attracted molecules may bind additional ones. 

Esselen (J. 2nd. Eng. Chem. s 1920,12, 801), discussing the charac¬ 
teristic solvent action of mixtures of chloroform and alcohol on 
cellulose acetate, puts forward a possible explanation based oh the 
fact that cellulose and its compounds have marked affinities 
for the hydroxyl group of alcohol. Mixtures of liquids containing 
as one constituent a substance with reactive groups, such as an 
alcohol, ketone, or acid, especially if this constituent is the first 

5 G* 
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member of a homologous series, usually have markedly high solvent 
action. A liquid, such as hexane or xylene, which is not particularly 
reactive and is a high member of a homologous series behaves like 
a diluent or inert component in a binary mixture. 

The structure of the complex formed by the molecules of the 
dispersion medium and a colloidal particle is apparently simple, 
for the composition of the best solvent mixture is often simple, 
molecularly (Mardles, J., 1924, 125, 2244), and Knoevenagel has 

Fig. 6. 

The viscosity of solutions of cellulose nitrate in ether-alcohol mixtures . 


Mixtures of ethyl alcohol and ethyl ether. 

Inset: Viscosity results of Gibson and Mixtures of ethyl alcohol with anisole 
McCall (J, Soe. Chem. Ind., 1920, 172). and benzyl methyl ether. 



Ether. Composition . Alcohol . Composition. Alcohol . 

I, Cellulose nitrate , 11*5% N. H, I, 2*5/100 in anisole-ethyl alcohol . 
CeUulose nitrate , 10*7% N. EH, Pure H, 2*5/100 in benzyl methyl ether-ethyl 
liquids. alcohol. HI, Benzyl methyl ether-ethyl 

alcohol . IV, Anisole-ethyl alcohol. 

shown, in the case of the swelling of cellulose acetate in mixed 
liquids, that the proportion of the constituents in the swollen mass 
is often a simple molecular one also. 

Viscosity and Density of the Sols .—The effect of the addition of a, 
colloidal substance on the viscosity of a binary mixture of liquids 
is, in general, such that the shape of the viscosity-composition 
curve becomes exaggerated and any special feature of it is developed 
{Mardles, J., 1924, 125, 2244). These effects are produced when 
cellulose nitrate is added to ether-alcohol mixtures (Table IV and 
Fig. 6). The sag in the viscosity curve for the pure liquids is exag¬ 
gerated and, for the sols of higher concentration, there is a minimum 


Viscosity . 
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point, which occurs at a composition near that of the optimum 
solvent mixture. 


Table IV. 

The viscosity and density of sols of cellulose nitrate in mixtures 
of ethyl alcohol and ethyl ether. 


Concentration of sol, 1/100. Nitrogen content of nitrate: a, 10*7%; 

b, 11-5%. 


Wt. % of 

Difference in density between 
dispersion medium and sol. 

Viscosity. 

ether. 

a. b. 

a. b. 

20*0 

0*0045 0*0060 

0*026 0*031 

38*4 

— 0*0074 

— 0*024 

47*2 

0*0085 0*0077 

0*019 0*021 

56*7 

— 0*0075 

— 0*019 

70*6 

0*0078 0*0076 

0*0136 0*015 

78-0 

— 0*0056 

— 0*014 

84-2 

0*0065 0*0059 

0*011 0*014 

Concentration, 2*5/100. Nitrogen content, 10*7%. 

20*0 

0*0135 

0*105 

47*2 

0*0174 

0*080 

56*7 

0*016 

0*072 

71*6 

0*013 

0*072 

84*2 

0*014 

0*074 

Table V. 

The viscosity and density of sols of cellulose nitrate in mixtures 

of benzyl methyl ether and ethyl alcohol. 

Benzyl methyl ether, b. p. range 167- 

—169°, d*' 0*963. 

Wt. % of 

Density. 

Viscosity. 

benzyl methyl 

Liquids. Sol, 2*5/100. 

ether. 

Liquids. Sol, 2*5/100. 

100 

0*963 — 

0*0107 — 

02 

0*9465 0*955 

0*0104 0*175 

78*9 

0*932 0*9434 

0*01001 0*1726 

72*8 

0*9189 0*9311 

0*01007 0-172 

55-3 

0*8863 0*8983 

0*01002 0*170 

26*4 

0*8322 — 

0*01036 — 

22 

— 0*8455 

— 0*181 

The viscosity and density of sols of cellulose nitrate in mixtures 

of anisole and ethyl alcohol. 


, Wt. % of 



anisole. 

Density difference. 

Viscosity of sol, 2*5/100. 

77-1 

0*0113 

0*1772 

71-6 

00116 

0*177 

51 

0*0118 

0-184 

31-9 

0*0115 

0*189 


From the differences in density between the dispersion medium 
and the sols it will be seen that the greatest volume changes occur 
when the compositions of the mixed liquids are near that correspond¬ 
ing to the maximum sag in the viscosity curve and when the solvent 
power of the mixed liquids is high (Fig. 5). 

5 a* 2 
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Surface-tension Measurements .—A large number of measurements 
of the surface tensions of the organosols in ether-alcohol mixtures 
and in the single liquids were made at different temperatures and 
for different concentrations by means of Sugden’s maximum bubble 
pressure method (J., 1924, 125, 27). In the case of ethyl alcohol 
and its mixtures with ethyl ether, benzyl methyl ether, and anisole, 
the effect of the addition of the colloidal substance was to raise 
the surface tension of the dispersion medium. Similarly, the ether 
organosols had higher surface tensions than the pure liquids. 

The temperature coefficient of the surface tension from 10° to 
30° for the organosols was practically the same as that for the 
pure dispersion medium. 

Tables VI and VII give a selection of the results obtained. 


Table VI. 


Ethyl ether sols of y 25 * in 
concentration 1/100. dynes/cm. 
(Ethyl ether). 16*6 

Chlorophyll. 16*65 

Tung oil. 16*6 

Copper oleate. 16-8 

Mastic (5/100). 16*85, 

Dragon’s blood. 16*8 


Ethyl alcohol sols. 
(Ethyl alcohol). 

Potassium oleate, 0-25/100. 

„ „ 0-5/100. 

(Ethyl alcohol). 

Tannic acid, 2/100. 

„ „ 10 / 100 . 


y in 

dynes/cm. 


21*7 at 28° 
22*1 „ 
22-3 „ 

21*9 at 25° 
22-1 „ 
22*7 „ 


The surface tension of ethyl alcohol was also raised slightly by 
the addition of shellac, night-blue, and potassium stearate, but 
no appreciable effect was produced by sandarac resin and 
chlorophyll. 

Table VII. 

The surface tension of some sols in ethyl ether-ethyl alcohol 
mixtures at 25°. 


Wfc. % of y for the 

ether. liquid. Sols. y. 

63*9 18*6 Cellulose nitrate, 5/100. 20*1 

2/100. 19*7 

Chlorophyll. 18*8 

Dragon’s blood, 2/100. 19*6 

Copper oleate, 2/100. 19*6 

33*1 19*6 Cellulose nitrate, 5/100. 21-4 

2/100. 20*1 

Chlorophyll, 2/100. 19*9 

Copper oleate, 2/100. 20*0 

Tannic acid, 2/100. 20-1 

13*1 20*9 Chlorophyll, 2/100. 20*95 

Kauri resin, 5/100. 21*2 


Chlorophyll had practically no effect on the surface tension of 
binary mixtures of alcohol with anisole or benzyl methyl ether, 
but eelluloee nitrate raised it a little. 
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Table VIII. 

y 25 ' for the 

Composition. liquid. Sols. y 25 *. 

Anisole, 71*6%. 27*7 Cellulose nitrate. 28*3 

Benzyl methyl ether, 44%. 26*8 Night-blue. 27*2 

Cellulose nitrate. 28*3 

26*4%. 24*0 „ „ 26*2 

Dragon’s blood. 24*6 


The surface tension of a mixture of 2 vols. of benzyl alcohol and 
I vol. of anisole at 20° .was raised from 37*3 to 38*2 by cellulose 
acetate (2/100), and slightly by night-blue. 

Summary. 

A study has been made of the swelling and the dispersion action 
of ether-alcohol mixtures on colloidal substances. The explan¬ 
ation of the high dispersing action of the mixed liquids must be 
sought in the cause of the colloidal substances swelling initially to 
a greater extent in the mixtures than in the liquids taken singly, 
there being a close correlation between the swelling and the dis¬ 
persing action. 

The attraction between a colloidal particle and the molecules of 
the mixed dispersion medium, due to the presence of mutually 
reactive groups, whereby complexes are formed, appears to reach 
a maximum with certain combinations of liquids because of the 
special spatial arrangement and interlocking of the various molecules 
in the complex resulting from their size, from the relative strengths 
of their affinity bonds, etc., so that it is necessary in any explanation 
to consider the relative specific characters of the liquids and the 
colloidal substance. 

With increase in the solvent power of the liquid mixtures for 
cellulose nitrate, the change in density increases and the sols 
become relatively less viscous. 

The surface tensions of the organosols are either the same as 
or slightly higher than that of the pure dispersion medium. 

Bdrkbeck College, 

XJNiVEBSirT or London. [Received, July 21th, 1926,] 


CCCOTOL —The Allotropy of Zinc. 

By David Stocxdalb. 

The work here described was undertaken in order to discover some 
sure means of recognising allotropy in metals at high temperatures 
and of accurately determining those temperatures. The experiments 
of other workers, those in which X-rays were used being left out of 
account, may be divided into two groups : 
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(a) Investigations of the physical properties of the metal, quenched 
from temperatures above and below that of the suspected trans¬ 
formation point. 

( b ) Experiments carried out in the neighbourhood of the transition 
point. 

Objection to the former experiments can be made on three 
grounds: 

(1) There is no certainty that, during the quenching, an allotropic 
metal does not revert to its original form. 

(2) During the chilling of even a small specimen very great 
stresses are created, and these may cause false results to be obtained. 

(3) Yery little is known about the phenomena of “ lag ” in 
allotropic changes at high temperatures. It is possible that this 
lag may be so great that the temperature may be raised considerably 
above that of the transformation without any change taking place 
in the metal. 

The third criticism can be made of the latter group of experiments 
also, which have consisted, for example, in investigations into the 
specific heats of metals at high temperatures, measurements of 
electrical resistance, of thermal electric power, and of the mechanical 
properties of the materials, but the most serious objection is that 
these methods are not infallible. For example, it has been shown 
by Miss Bingham (J. Inst. Metals, 1920, 24, 333)—and confirmed by 
the author—that zinc undergoes an allotropic change between 
310° and 330°; yet of all the physical properties of zinc, only the 
electrical resistance and the “ mechanical ” properties are definitely 
discontinuous through that range of temperature. Miss Bingham 
has shown thatin the case of zinc the change in resistance is extremely 
small in comparison with the resistance. Attempts to carry out 
exact measurements with an ordinary tensile testing-machine 
would probably be futile. 

The problem to be solved was to devise some method of 
measuring the change in a property of a metal in such a way that 
this change would appear large with respect to the quantity 
measured just prior to the transformation. 

There is between a metal and an electrolyte in contact with it a 
certain difference of potential, which is a function of the temperature. 
If the potential difference and the temperature be plotted, the result 
may be a curve similar to A B (Fig. I). At the triple point («- 
aUotrope, p-allotrope, vapour) the solution pressure of the two forms 
must be the same, and therefore, if B represents the triple point, 
B must also lie on the potential difference-temperature curve (B C) 
of the p-allotrope. But there seems to be no reason why the slope 
of AB and of B C should be the same, and if exact measurements of 
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differences of potential could be made, triple points of metals which 
exhibit allotropy could probably be detected by changes in direction 
of the curve. The effect would be increased by “ lag ”; that is to 
say, one form might exist in a metastable condition over a range of 
temperatures and then suddenly change into the other. If such 
were the case, the curve would be of the form A B DE C and the triple 
point would be found by producing C E until it cut A D. By the 
use of this principle, Cohen ( Z . physikal. Chem 1894, 14, 53; see 
also Boozeboom, “Die Heterogenen Gleichgewichte vom Stand- 



Te rTPEH AT U*RE. - > Ttr\£. 



- > Tine. - > Time. 


punkte der Phasenlehre,’ 5 Vol. I, p. 123) was able to measure 
accurately the transition temperature of tin. 

If a second electrode of the metal is immersed in the electrolyte, 
and connected with the first, a small, constant difference of temper¬ 
ature being maintained between them, an electrolytic cell will be 
formed having a very small E.M.F. The -temperature (or 

time) curve will be the algebraical difference between two curves 
such as A B C (Pig. I), and should have the form A B C D (Fig. II), 
B and C representing the temperatures at which the allotropic 
change takes place in the two electrodes. If allowance is made for 
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<e lag,” the theoretical curve should be of the form ABEFCGHD 
(Fig. in), and by producing the lines G F and D H the triple point 
should be ascertainable. The order of magnitude of the E.M.F. 
and of the changes in it can be made the same by choosing a suitable 
temperature difference between the two electrodes. 

Experimental. 

As it appeared certain, from the work of Miss Bingham, that zinc 
undergoes allotropic change at about 300°, it was thought advisable 
to test the foregoing theoretical conclusions by carrying out experi¬ 
ments with that metal before seeking such changes in others. 

The zinc used was u Brunner Mond’s purest electrolytic.” The 
choice of an electrolyte was limited, because the liquid must not 
attack the zinc in any way, either by oxidation or by deposition of 
a second metal on it, and preliminary experiments had indicated 
that no gas must be given off when the electrolyte is heated. Finally, 
a mixture of zinc chloride, containing much oxychloride, with 10% 
of zinc bromide, was used. It melted at about 280°. 

The apparatus consisted of a hard glass U-tube, 1*5 cm. in 
diameter, the limbs being 4 cm. apart and 22 cm. long. One limb 
was wound with nichrome ribbon protected from oxidation by 
pyruma cement, and could be heated by passing a small current 
through the ribbon. 

The U-tube was placed in an electrical resistance furnace so that 
the limbs projected a distance of 5 cm.; the empty portion of the 
furnace was lightly packed with asbestos fibre. The quantity of 
electrolyte was such that the level of the molten material was 
6 cm. above the bottom of the tube. To stop convection currents, 
the connecting piece was lightly plugged with glass wool. 

The difficulty arising through the molten zinc salts running up 
the hot tube and solidifying near the top was overcome by winding 
the tops of both limbs with nichrome ribbon and keeping them 
considerably hotter than the bottom parts. 

The zinc electrodes, 0*4 X 0*4 x 6 cm., were attached to stout 
copper wires passing through the rubber stoppers closing the limbs. 
The stoppers were also fitted with rubber valves, preventing access 
of atmospheric moisture. The copper wires were connected through 
a mirror galvanometer. In the circuit were a reversing key and an 
apparatus !or opposing an E.M.F. to that generated by the little 
cell. The galvanometer threw a spot of light on a sheet of paper 
moving upwards at a uniform rate, and by following the spot of 
l%ht with a pencil it was possible to draw an E.M.F-time curve in 
a direct and easy way. 

were measured by copper-constantan couples 
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(size 30 gauge) sheathed in fine glass tubes, and so placed - that 
the hot junctions were about 1 cm. above the bottoms of the 
electrodes. The couples were used in conjunction with millivolt- 
meters, standardised by means of the melting points of pure zinc, 
lead and tin. 

Before a series of experiments was begun, the U-tube and its con¬ 
tents were heated to 400° to drive off any steam and to anneal the zinc. 
The tube was then heated or cooled at different rates through the 
range where the allotropic change might be expected to occur, the 
two limbs being kept at slightly different temperatures, and E.M.F- 
time curves were drawn. An attempt was made to read the milli- 
voltmetres every other minute. 

The apparatus described above is unsatisfactory and the ex¬ 
perimental difficulties are numerous. First, a single operator has 
too much to do if he is to obtain correct results. Then there are 
troubles with the electrolyte. It was found impossible to maintain 
a uniform temperature difference between the two limbs, and con¬ 
sequently the curves obtained were not sharp. As the galvanometer 
was not sufficiently sensitive, the breaks in the curves were very 
small, and were liable to be completely obscured by small experi¬ 
mental errors. 

Sixteen curves in all were taken. The results obtained from 
eight of the more convincing experiments are in the following 
table: t is the time (mins.) taken for the temperature to change 
from 300° to 330°, and T the difference in temperature of the 
electrodes. 

Type of 


curve. 

T . 

t. 

E. 

B. 

G. 

C. 

Cooling. 

6° 

35 

316® 

318° 

314° 

316° 

15 

30 

— ■ 

—. 

308 

— 


12 

26 

312 

314 

314 

— 


7 

Not obs. 

312 

314 

308 

313 

Heating. 

10 

35 

315 

313 

317 

315 

6 

30 

316 

•— 

315 

315 


10 

18 

— 

— 

318 

-— ■ 


10 

7 

328 

Mean 

315 

318 

315 

The letters above the columns refer to Fig. HI. 

Blanks 

in the 


columns denote either that the position of the break was veiy 
doubtful or that the curve was of such a shape that it was impossible 
to find the point B or C accurately by interpolation. 

Experiment 8, in which the rate of heating was fast, is interesting 
in that the lag in the hotter electrode was so great that the point E 
(Fig. Ill) lay between the points C and G, and the line F G was very 
short because the cooler electrode underwent the transforniafeA 
almost immediately after the other. 
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The figures in columns B and 0 show that there is a transition 
point at 315°. It will be seen, also, that there is a “ lag ” at the 
rates of heating employed, but in no case was the measured “ lag 99 
very great. The largest values obtained were 7° below the mean 
temperature on cooling curves, and 13° above the mean temperature 
on heating curves. It is quite possible that this phenomenon of 
“ lag ” may have been responsible for the many failures to obtain 
breaks in the curves. 

Big. IV is an exact reproduction of the curve obtained in Experi¬ 
ment 4. In general, the others resembled it; in many cases, how¬ 
ever, the observed breaks were much larger and sometimes they were 
not nearly so regular in shape. 

Conclusion. 

The experiments indicate that zinc undergoes allotropic change 
at 315°. This result agrees very well with those of Miss Bingham 
(loc. cit .), who found that changes occurred in some properties of 
zinc at about 330° and in others at about 310°. 

The figures set out in the table seem convincing; the curves from 
which these figures are derived are not convincing, and the value 
315° is to be accepted only with reserve. 

The author regrets that circumstances have arisen which make 
it impossible for him to continue this work. His conviction that 
the principle underlying his experiments is correct and that a 
further attempt to apply it both to the examination of zinc and of 
other metals will yield valuable results, is his excuse for offering this 
paper for publication. In his opinion it is necessary to provide 
some means of confirming the existence of allotropic changes 
revealed by the use of X-rays. 

The author expresses his gratitude to Mr. C. T. Heycock, M.A., 
F.R.S., for his interest and help, and to the Royal Commissioners 
of the Exhibition of 1851 for a senior studentship. 

The Goldsmiths’ Mutaixubgioai. Laboratory, 

University or Cambridge. [Received, August 10 th, 1925 .] 


CCC&X .—Electrometric Study of the Reactions between 
Alkalis and Silver Nitrate Solutions. 

By Hubert Thomas Stanley Beittoh’. 

Pbboiotates formed by the addition of alkalis to metallic salt 
solutions aare, as a rule, basic. Silver oxide, however, appeals to 
be an exception and therefore its precipitation by sodium hydroxide 
hasbeen studied. 
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The precipitation of silver oxide from silver nitrate solution by 
ammonia and its subsequent re-solution have been studied from 
various points of view. Prescott ( Chem . News, 1880, 42, 31), 
Reychler (Ber., 1883, 16, 990), Draper ( Pharm . J., 1886>, 17, 488), 
and Herz (Z. anorg. Chem., 1910, 67, 248) found that when approx¬ 
imately 2 mols. of ammonia were added to 1 mol. of silver nitrate 
the precipitate formed redissolved. That the substances in these 
proportions do enter into some kind of reaction has been shown by 
the following physicochemical methods: cryoscopy and con¬ 
ductivity (Reychler, Ber., 1883, 16, 2421; 1895, 28, 555), measure¬ 
ments of partial pressure of ammonia (Konowalov, Z. physikal. 
Chem., 1898, 28, 558; Gans, Z . anorg. Chem., 1900, 25,236), thermo¬ 
chemical measurements (Berthelot and Delepine, Compt. rend., 
1899, 129, 326; Eruni and Levi, Gazzetta, 1917, 47, i, 259), and 
transference number determinations (Whitney and Meleher, J. Amer. 
Chem. Soc., 1903, 25, 70). The current view that silver exists in 
ammoniacal solutions as a complex kation, each silver atom being 
associated with two molecules of ammonia, originated in the work 
of Bodlander and Pittig (Z. physikal. Chem., 1901, 39, 597), who 
showed by an application of the mass law that the solubility of 
silver chloride in ammonia could be accounted for if the silver were 
assumed to pass into a complex ion, Ag(NH 3 ) af , the values of x 
actually varying from 1*67 to 2*22. Little appears to be known 
of the process of formation of the complex, and consequently the 
experiments described in the second portion of this paper have 
been performed. 


Experim ental. 


1. Electrometric Titration with the Silver Electrode of Silver 
Nitrate with Sodium Hydroxide. 

The precipitation of silver oxide was studied by means of the 
following concentration cell, the Ag|W/10-AgN0 3 serving as the 
standard half-element; the other silver electrode dipped in the 
solution which was being titrated: 


^g|A/10-AgNO 3 


saturated 
KN0 3 solution 


100 c.c. of 0*02AT-AgN0o 
+ a c.c. of O lA'-NaOH 


Ag. 


The alkali was added very slowly and before each measurement was 
made the mixture was thoroughly stirred. Steady and reproducible 
E.M.F.’b were readily obtained. The two electrodes, made from 
the same piece of silver wire, were fused into glass tubes so that 
lengths of 2 cm. were exposed, and covered electrolytically with 
layers of finely divided silver from silver nitrate solution. Checked 
against a normal calomel electrode, saturated potassium nitrate 
being used as junction liquid, they gave a normal electrode potential 
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of 0*802 volt at 20°, in good agreement with the accepted value, 0*80. 
E.M.F. of AgjA 7 /10-AgNO 3 |Saturated KNOgJl^-Calomel = 0*456 
volt. Therefore E h of AgJAf/lO-AglSTOg = 0*739. The dissociation 
of silver nitrate in A/10-solution being taken as 81*4%, E h = 0*739 
= + RT log [Ag']/nF = JB h — 0*063; and consequently JE h = 

0*802 volt. The results obtained are plotted in Pig. 1, curve A. 

The precipitate formed during the addition of the first 10 c.c. 
of alkali was white, but immediately became brown. A little 
remained in colloidal suspension until 7 c.c. more than the theoretical 
amount of alkali had been added. 

The dotted line (Fig. 1) represents the change in silver-ion eon- 



C.c. of 0 * 1 j N~alhali. 


contraction calculated on the assumption that precipitation had 
effected a proportional diminution in the silver-ion concentration 
of the mother-liquor. The observed and the theoretical curves 
are coincident for the first 15 c.c. of alkali, but thereafter the dotted 
curve lies a little lower, which may be due to the carrying down of 
silver nitrate by the precipitate. Silver nitrate in the precipitate 
would tend to become a ** solution link ” (compare Thomas and 
Freideu, Amer. Chem. Soc 1923, 45, 2522) and its presence 
would account for some silver oxide remaining in colloidal solution. 
Much of theundeeomposed silver nitrate was readily attacked, as 
will he seen from the great change in silver-ion concentration which 
to#: place at the point corresponding to the stoicheiometrical 
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amount of sodium hydroxide. There probably still remained a 
trace of unattacked silver nitrate, although too small to be shown 
in the diagram, for the colloidal solution was not decomposed until 
7 c.c. excess of alkali had been added. This suggestion may account 
for the high initial values of the solubility product of silver hydroxide 
given in Table I. If the formation of such a colloidal solution is 
due to a stabilising influence, tending to increase the solubility of 
the dispersed particles, such as may be created by the silver oxide 
particles containing some undecomposed silver nitrate, it would 
be expected that silver hydroxide would be more soluble when a 
part of it is in colloidal solution than when it is not. 

The silver-ion concentrations were calculated from the equation 
•®ob8. = — 0-063 — 0-058 log [Ag*], and the hydroxyl-ion concen¬ 
trations from the excess of alkali added, complete dissociation 
being assumed. On introducing corrections for dissociation, the 
solubility products are diminished by about 0-1 X 10" 8 in every case. 

Table I. 

v = cc. of O'liV-sodium hydroxide added. 




[Ag*] 

[OH'] [Ag-][OH'J 



[Ag*] 

[OH'] 

Ag‘][OH' 

V. E.M.F, 

. x 10 7 . 

xio 4 . 

XlO 8 . 

V. 

E.M.F. 

XlO 7 . 

XlO 4 . 

x 10*. 

20*5 

0*171 

925 

4*15 

3*84 

35*0 

0*279 

12*7 

Ill 

1*41 

21*0 

0*191 

418 

8*26 

3*45 

40*1 

0*285 

9*98 

143 

1*43 

22*0 

0*208 

212 

16*4 

3*48 

50-1 

0*293 

7*46 

200 

1*49 

23*0 

0*231 

85*3 

24*4 

2*08 

60*0 

0*300 

5*51 

250 

1*38 

24*0 

0*241 

57*3 

32*3 

1*85 

71*1 

0*303 

4*89 

289 

1*46 

25*0 

0*250 

40*2 

40*0 

1*68 

80-0 

0*303 

4*89 

333 

1*63 

27*62 

0*263 

24*0 

59*4 

1*43 

90*0 

0*3045 

4*60 

368 

1*70 

30*0 

0*269 

18*9 

76*9 

1-45 

100*0 

0*306 

4*35 

400 

1*74 


The average value of [Ag*][OH'] is 1*51 X 10" 8 for the last ten 
determinations and 1*44 X I0~ 8 for values of v from 27*62 to 71*1. 
Bottger {Z. physikal . Ghem 1903, 46, 521) found the value 1*52 x 
10" 8 from conductivity measurements at 20°, and JeHinek and 
Gordon {ibid., 1924, ll2, 212) the lower values 5*5 and 7*3 X 10~ 9 
from E.M.F. measurements of Ag|Ag 2 G,£NaOH. The cause of 
the discrepancy between these two results, and of their exceptional 
lowness, can be traced to the erratic behaviour of the silver electrode 
in presence of silver oxide in alkaline solutions, which Luther and 
Pokonr? (Z. anorg. Chem ., 1908, 57, 290) and Buehrer (cited in 
Lewis and Randall’s <e Thermodynamics,” 1923, p. 483), who 
observed it, are inclined to attribute to reduction of the silver oxide 
at the expense of the electrode. 

The behaviour of the AgJAg 2 0,NaOH electrode during the 
titration may perhaps best be studied from a consideration of the 
voltages of the oxygen-hydrogen cell, as several attempts have 
been made to arrive practically at its E.M.F. through measurements 
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of the silver electrode in question. Nernst and Wartenberg 
(Z. physiJcal. Chem., 1906, 56, 534} found, by extrapolation from 
the results obtained in their classical researches on the dissociation 
of steam at high temperatures, that the potential difference of the 
oxygen-hydrogen cell at the ordinary temperature could be cal¬ 
culated from the expression E.M.F. = 1*232 — 0-00085 (t° — 17), 
and therefore the E.M.F. at 20° should be 1*229 volts. G. N. Lewis 
(J. Amer . Chem . Soc., 1906, 28, 158) calculated that the P.D. of 
0 2 pSra0H,Ag 2 0|Ag is 0*049 volt at 25° from the dissociation pres¬ 
sures of silver oxide at high temperatures, which have since been 
confirmed by Keyes and Hara (ibid,, 1922, 44, 479), the essential 
assumption being that no allotropic change in the silver oxide takes 
place on heating. Hence, the E.M.F. of 0 2 | — JH 2 being 1*229 
volts at 20°, and calculation showing that the E.M.F. of 
OJNaOH,Ag 2 OjAg at 20° is the same as at 25°, the E.M.F. of 
AgjAg 2 0,Era0H|H 2 should be 1*180 volts at 20°. Using Bottger’s 
value of the solubility product of silver hydroxide at 25°, Lewis 
calculated that the P.D. at 25° of the last combination should be 
1*168 volts, and consequently that of the oxy-hydrogen cell should 
be 1*217 volts. Converted by means of the temperature coefficient 
given in Nernst and Wartenberg’s equation, these P.D. 5 s become 
1*172 and 1*221 volts at 20°, respectively. Luther and Pokorny 
(loc. tit.) found by direct experiment that the initial voltage of 
AgjAg 2 0(electrolytically prepared),NaOH|H 2 was 1*172 volts at 25° 
(i.e., 1-176 volts at 20°). 

Table II gives the P.D . 9 s of the Ag|Ag 2 0,Na0H|H 2 combination 
calculated for various stages of the titration, from which the 
E.M.F.* s of the oxygen-hydrogen cell were obtained by adding 
0*049 volt (vide supra). 


C.e. of 

E h 

Table II. 
Eh 

E.M.F. 

E.M.E. 

N/10-NaOH. 

Ag|Ag 2 0,NaOH. 

H s |NaOH. 

AgJAg 8 0,Na0H}H 2 . 

Oj-iH*. 

20-5 

0*568 

— 0*621 

1*189 

1*238 

22-0 

0*531 

-0*655 

1*186 

1*235 

25*0 

0*489 

-0*681 

1*167 

1*216 

30 

0*470 

-0*700 

1*170 

1*219 

40 

0*450 

-0*710 

1*164 

1-213 

eo 

0*439 

-0*724 

1*163 

1*212 

80 

0*436 

-0*731 

1*167 

1*216 

90 

0-435 

-0*735 

1*170 

1*219 

100 

0*433 

-0*736 

1*169 

1*218 




Mean 1*167 

1*216 


The jife of AgJAgaOjNaOH was found by subtracting the observed 
voltages given in Table I from 0*739, the E h of Ag|N/I0-AgNG 3 , it 
being assumed that the junction of saturated potassium nitrate 
; solution reduced the diffusion potential to negligible dimensions. 
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The E h ’s of the hydrogen electrode in alkaline solutions were 
calculated from the formula E h = 0*0581 log [H # ], K w at 20° being 
10“i 4 07 , and the sodium hydroxide being regarded as completely dis¬ 
sociated. On correcting for ionisation, the values become 2 to 3 
millivolts less negative. 

The first two P.D. 5 s of the oxygen-hydrogen cell are greater 
than the value, 1*229 volts, found by Nernst and Wartenberg ( be . 
cit.). The discrepancy may be due to a slightly increased solubility 
of the silver oxide through some having been in colloidal solution, 
and possibly also to some extent to the fact that precipitation had 
only just ended and consequently any reduction which might have 
taken place would be at a minimum. 

Save for the first two values, the E.M.F.’& of the 
AgJAggOjNaOHJHg range from 1*163 to 1*170 volts. The average 
value, 1*167 volts, is 13 millivolts less than the one given by Nernst 
and Wartenberg, 5 mv. less than that of Lewis, and 9 mv. less than 
the initial value of Luther and Pokomy for electrolytic silver oxide. 

Rerdam (Z. physikal. Ghem ., 1921, 99, 474) has determined the 
P.D.’s of many cells, Ag|Ag 2 0,alkali|H 2 , in which both barium 
and sodium hydroxides were employed and also samples of silver 
oxide which had been subjected to a variety of treatments. With 
precipitated oxides, the E.M.F .’s varied from 1*137 to 1*155 volts 
at 25°, or from 1*141 to 1*159 at 20°, the higher values being obtained 
with those oxides which had not been separated from the solutions 
from which they were precipitated. On the other hand, by electro¬ 
lysing a sodium hydroxide solution between a platinised platinum 
kathode and a silver anode, he found that, after the current had 
been flowing for a few minutes, the E.M.F. measured immediately 
after it was stopped varied between 1*171 and 1*177 volts at 25° 
(i.e., 1*175 to 1*181 volts at 20°), the kathode becoming in effect a 
hydrogen electrode. The highest value agreed with the value 
extrapolated from the work of Nernst and Wartenberg and Lewis, 

The values given in Table II of the E.M.F.’s of the 
Ag|Ag 2 0,NaOH|H 2 fall between those indicated by Rordam’s 
measurements. It is significant that the highest value for pre¬ 
cipitated oxides,, corresponding to 1*159 volts at 20°, indicated by 
Rordam’s work was obtained with silver oxide which had not been 
removed from the solution in which it was precipitated. The 
higher E.M.FJs of the present author may be due to the fact that 
they were measured within a few moments of precipitation. If the 
lowness of the Ag|Ag 2 0,NaOH results is due, as suggested by 
Buehrer and Luther and Pokomy, to reduction, it would appear that 
the higher values obtained in this work were due to reduction having 
taken place to a smaller extent than in the experiments of Rordam. 
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Strangely enough, Bcrdam attributed the low results given by 
precipitated oxides, as compared with those given by the electro¬ 
lytic oxide, to the existence of two different modifications of silver 
oxide, having different dissociation pressures, and by means of 
the Nernst heat theorem he calculated the transformation tem¬ 
perature to be 132°. For the purpose of calculation, he took 
1*143 volts at 25° to be the E.M.F. of 

Ag|Ag 2 0 (precipitated),NaOH|H 2 

in spite of the wide variation in his experimental values, viz., from 
1*137 to 1*155. He considered that the precipitated oxides were 
the forms stable below 132° and that the electrolytic oxide was 
metastable at the ordinary temperature but stable above 132°. 
For this reason, the method adopted by Lewis in his calculation 
of the P.D. of 0 2 |Na0H,Ag 2 0[Ag was held to be inadmissible. 
This hypothesis does not account for the E.M.F.’s found in this 
work, which, as already stated, lie between those obtained with 
the two supposed forms of silver oxide. The variable results 
obtained with the AgjAg 2 0,alkali electrode, especially after standing 
for some time, appear to be best accounted for by reduction. The 
low solubility products obtained by Jellinek and Gordon (loc. cit.) 
were probably due to this cause, especially if the exceptionally low 
values of the extrapolated PJD.’s of the Ag|Ag 2 0,Na0H|H 2 cell 
be considered, in one case 1*150 volts at 20° and in another 
1*139. 


Temp. Method. 

20° Analysis. 

Conductivity. 

F.M.F. 

it 

Calculation. 

25° Analysis. 

» 

Equilibria. 

Conductivity. 

F.MJ?. 

Calculation. 

*• J* Amer . Cfhem. Soc,, 1902, 42, 336. 

t Kebiere’s values {BuU. Soc . chim., 1915, 17, 309) are probably twice too 
high, for ha states that his lowest value agrees with Noyes’s average value. 

X Eardam showed that the F.M.F. of Ag Ag 2 O,N r /10-Ba(OH) 2 JH, (com¬ 
pare Abegg and Cox, Z. physikai. Chem., 1903, 46, 1) on which this calculation 
was based was 1*140 volts, thereby accounting for the low value of the 
solubility product. ... 


Table HI. 


Mols. AgOH 
per litre 

[Ag-][OIT] 

X 10 *. 

X 10 s . 

1 - 48 — 1-85 

2 - 2 — 3*4 

1*23 

1-52 

0 - 7 — 0*9 

0 - 6 — 0-7 

1*2 

1-5 

1*67 

2-78 

1 - 73 — 2-26 

3 * 0 — 5-1 

4 * 3 — 5*9 

18 - 6 — 34*9 

1*5 

2*25 

1*8 

3*2 

1-39 

1-93 

0-95 

0*9 

1-66 

2-74 


Observer. 
Whitby, 1910. 

BQttger, 1903. 

Jellinek and Gordon, 
1924. 

Britton, this paper. 

*Noyes and Kohr, 1902. 
f jRebiere, 1915. 

Noyes and Kohr, 1902. 
Abegg and Cox, 1903. 
BOtiger, 1903. 

| Calc, from the data of 
Abegg and Cox, 1903. 
Britton, this paper. 
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The solubility products given in Table I, when considered in 
connexion with the EMJPJ s of the Ag|Ag 2 0,NaOH|H 2 com¬ 
bination, appear to be lower than would be expected from the 
fundamental calculations of Nernst and Wartenberg and Lewis. 
Had' the electrode been satisfactory, the potential difference of the 
combination should have been 1*229 — 0*049 = 1*180 volts at 20°, 
from which it follows that [Ag*][OH'] = 2*78 X 10“ 8 at 20°. The 
theoretical potential difference of Ag|Ag 2 0,H 2 0|H 2 at 25° is 1*176 
volts, which gives [Ag*][OH'] = 2*74 X 10" 8 at that temperature. 

Analytical determinations of the solubility of silver oxide have 
given widely differing results, which were dependent on the length 
of time allowed for the attainment of equilibrium and on the 
method of preparation of the oxide. Whitby (Z. anorg. Chcm 
1910, 47, 107) found that at 20° silver oxide required 14 days to 
attain equilibrium with water. Table HI gives a comparison of 
the results obtained at 20° and 25° by chemical and physical 
methods. The solubility products have been calculated on the 
assumption that the dissolved silver oxide was completely ionised. 

At both temperatures the data obtained by direct analysis are 
higher than those obtained by physical methods. This may 
perhaps be partly due to incomplete dissociation of the silver oxide. 
The variable results obtained by E.M.F. methods show that these 
are unsatisfactory. The author's value at 20° is probably low and 
yet agrees with that of Bottger. Bottger J s value at 25° was used 
by Lewis in his fundamental calculation of the E.M.F. of the 
oxygen-hydrogen cell, and, contrary to the contention of Rerdam, 
the low value he obtained is probably thus accounted for. 

2. Electrometric Titrations of Silver Nitrate with Ammonium 
Hydroxide by means of (a) the Oxygen Electrode , and (b) the Silver 
Electrode . 

Although the oxygen electrode is affected by the presence of 
silver oxide, it can be used to indicate any pronounced changes in 
hydrogen-ion concentration which may take place when alkalis are 
added to silver salt solutions (this vol., p. 2148). The change in 
hydrogen-ion concentration occurring during the formation of the 
silver ammonia complex from silver nitrate and ammonia has there¬ 
fore been followed with its aid. 

0*02Jf-Silver nitrate (100 c.c.) was titrated with 0-1027A- 
ammonium hydroxide at 18°, the oxygen electrode and the normal 
calomel electrode being used with saturated potassium nitrate 
solution as junction liquid. In Kg. 2, the observed EM.F’* are 
plotted against the quantities of ammonia added. The propor¬ 
tional hydrion scale affixed to the diagram is based on colorimetric 
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measurements, by Gillespie’s drop-method (J. Amer. Chem. Soc 
1920, 42, 742), of the hydrion concentrations of the solution at the 
beginning and the end of the titration. The scale showed hydrion 
concentrations at various stages of the titration which were in 
accord with those given by indicators. 

The curve shows that the first drop of ammonia produced a 
sudden increase in and that precipitation began when 1 c.c, had 
been added. The addition of more ammonia caused a further 
diminution in hydrogen-ion concentration until the p K (approx. 9) 


Fig. 2. 



O 20 40 60 


0.&o/O.lO27tf-KH 4 OH 

was reached at which silver oxide is normally precipitated. The 
change thereafter was a gradual one, until 1 mol. of ammonia 
(per mol. of silver nitrate) had been added; a small but definite 
infiexioh then occurred, and was followed by another when 2 mols. 
of ammonia had been added. At this stage the precipitate had 
completely dissolved. Draper (loc. ciL) noted that solutions con¬ 
taining the reactants in these proportions were strongly alkaline 
to turmeric and phenolphthalein, i.e., above p& 8. 

It might be imagined from the nature of the curve that the first 
section, corresponding to the addition of the first mol. of ammonia, 
represents the complete precipitation of silver oxide, and the second 
secrion its reaction with one mol. of ammonia to form a soluble 



BETWEEN ALKALIS AND SILVER NITRATE SOLUTIONS. 2965 

monoammino-silver complex. The precipitation, however, was 
far from complete during the first part; and if a little, but sufficient, 
nitric acid had been added to a silver nitrate solution treatment 
with ammonia produced no precipitate. Moreover, moist silver 
oxide is readily soluble in ammonium nitrate solution, and in an 
amount that suggests the formation of AgN0 3 ,NH 3 . The silver 
oxide precipitated on mixing equal volumes of N /10-silver nitrate 
and Nj 10-sodium hydroxide dissolved completely at room tem¬ 
perature in quantities of N /20-ammonium nitrate corresponding 
to the ratios 1 mol. AgOH : 1-1—1*2 mols. NH 4 N0 3 . The solutions 
had p K about 8 and did not decompose on boiling. The silver-ion 
concentration of the solutions was comparatively large, e.g., a 
solution composed of 20 c.c. of OTiV-sodium hydroxide, 20 c.c. of 
O-lV-silver nitrate, and 45 c.c. of 0*05A T -ammonium nitrate con¬ 
tained 33*5% of the total silver present as silver ions. This may 
have been due to the presence of a highly dissociated monoammino- 
silver complex or of some silver nitrate and some diammino-complex. 

Beychler 1883, 16, 990) and Draper ( loc . cit .) found that 

ammonia, if added in small quantities, caused partial precipitation 
of silver oxide from silver nitrate solution. In order to study this 
reaction more fully, the percentage amounts of silver oxide pre¬ 
cipitated at different stages of the titration were determined. 
The results are in Table IV, and are shown diagrammatically in 
Fig. 2. 

Table IV. 


C.c. of 
0-1027iV- 

Mols. NH 4 OH/ 

Ag 2 D pptd. 

Ppted. Ag 2 0 as percentage 
of the amount theor. 

NH 4 OH. 

Mols. AgSro 3 . 

%• 

precipitable. 

1*95 

0*1 

2*2 

22*0 

9*8 

0*5 

5*3 

10*6 

19*5 

1*0 

7*3 

7-3 

29-3 

1*5 

5*3 


39*0 

2*0 

0 



No precipitation with ammonia occurred when the solution con¬ 
tained nitric acid in quantities greater than 0*05 mol. for 1 mol. 
of silver nitrate. 

It appears that, although the solution had attained the p u neces¬ 
sary for the precipitation of silver oxide, another reaction was taking 
place which withdrew from the solution some of the silver ions 
that ordinarily would have been precipitated. This may be seen 
from curve B in Fig. 1, which represents the titration of 100 c.c. 
of 0*02Jf-silver nitrate with N /10-ammonia with the aid of the 
silver electrode, carried out at 18° in the same way as the sodium 
hydroxide titration. The portions of the curves A and B correspond¬ 
ing to the addition of the first 15 c.c. of alkali are almost identical 
in spite of the partial precipitation produced by the ammonia. This 
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indicates that silver ions were being removed from solution mainly 
owing to complex formation. A small inflexion occurred when 1 mol. 
of ammonia had been added. Calculation from the data of Pigs. 1 
and 2 shows that the product [Ag*][OH'] became less and less 
during the addition of the second molecule of ammonia; when 
the addition was complete, its value was 0-6 x 10~ 8 , which is less 
than the solubility product of silver hydroxide and thus accounts 
for the re-solution. The main inflexion occurred when 2 mols. of 
ammonia had been added. Bruni and Levi (Qazzetta, 1917, 47, 
i, 259) made, among their measurements with the silver electrode, 
four on solutions containing less than 2 mols. of ammonia for 1 mol. 
of silver nitrate. Their results show that a sharp diminution in 
silver-ion concentration takes place when between 1-5 and 2 mols. 
of ammonia have been added. 

The inflexion (Fig. 2) which occurred when 1 mol. of ammonia 
had been added may probably be accounted for by the fact that at 
that point the precipitation reaction stopped, and consequently 
the destruction of hydroxyl ions ceased. The slight inflexion in 
the silver-ion curve (B, Fig. 1) may be due to the two reactions, 
taking place during the addition of the first molecule of a mm onia 
and causing precipitation and complex formation, being followed 
by complex formation only, which effects solution of the precipitate. 

An attempt has been made to account for the silver-ion concen¬ 
trations measured during the addition of the first 2 mols. of amm onia. 
The reactions were assumed to be (1) AgN0 3 + NH 4 OH — 
AgOH + NH 4 N0 3 , and (2) AgN0 3 + 2NH 3 ^ Ag(NH 3 ) 2 N0 3 . 
The amount of ammonia required for the precipitation of the silver 
oxide having been subtracted from the total amount of ammonia 
added, the remainder was regarded as having been converted entirely 
into the complex salt Ag(NH3)2N0 3 . The concentration of silver 
nitrate originally present being known, the concentration of 
unchanged silver nitrate could be calculated. The results are in 
Table V. The concentrations of free ammonia given in the last 
column were calculated from the expression [Ag*][NH 3 ] 2 / 
[Ag(NH 3 ) 2 '] = 2*2 x 10~ 8 (vide infra). 


Table V. 


NH 4 OH added. 

f " lll “ ■ J ^“ l 

Mols. per 

Cone, of 
Ag ions 

Ag.O 

Cone, of 

Cone, of 

Calc, cone. 

C.e. 

mol. of 

found 

ppted. Ag(NH,),NO<. 

AgNO a 

of free NH, 

AgNO s . 

X 10*. 

%* 

X 10*. 

X 10*. 

X 10*. 

2 

0*1 

170 

2-2 

7*6 

180 

0*21 

10 

0*5 

85 

5*3 

41 

130 

1*0 

20 

1*0 

30 

7*3 

77 

77 

2*4 

30 

1-5 

12 

5*3 

110 

34 

4*5 

40 

2-0 

0*57 

0 

140 

0 

23 
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It will be observed that the concentrations of silver ions and silver 
nitrate were of the same order, although the former became appre¬ 
ciably smaller as the quantity of added ammonia increased. The 
dissociation constant of ammonium hydroxide being taken as 
2-3 x 1CT 5 , the hydroxyl-ion concentration in equilibrium with the 
free ammonia present when 2 mols. had been added was 10 -3 ' 64 , 
and therefore p K was 10*5, as compared with 10*2 shown by the 
scale in Pig. 2. If it be assumed that the concentration of ammon¬ 
ium nitrate in the solution when 1*5 mols. of ammonia had been 
added was equivalent to the amount of silver oxide precipitated, 
it can be shown that the amount of free ammonia, 4*5 X 10" 4 , 
should have produced p s 9*3 (9*6; Fig. 2). The hydrogen-ion 
concentration prevailing in the earlier part of the titration was 
undoubtedly controlled by the hydroxyl ions originating from the 
precipitated silver oxide. The effect of a little nitric acid in a silver 
nitrate solution in preventing the precipitation of silver oxide with 
ammonia appears to be due to the depressing influence of the 
ammonium nitrate on the ionisation of the ammonium hydroxide. 

It thus seems probable that the complex silver compound ultim¬ 
ately formed required 2 mols. of ammonia for its formation. The 
results in Table VI refer to the solutions which contained ammonia 
in excess of 2 mols. For the purpose of calculation, the ammonia 
in excess of 2 mols. was assumed to be in the uncombined state, 
the small dissociation of the ammonium hydroxide was disregarded, 
and the complex silver salt was taken as being completely dis¬ 
sociated thus: Ag(NH 3 ) 2 N0 3 Ag(NH 3 ) 2 * + N0 3 '. The data 

used are those represented graphically in curve B (Fig. 1), and the 
concentration of silver ions was calculated from the formula 
E « — 0*063 - 0*0577 log [Ag ]. 


Table VI. 

K = 

O.c. of [Ag*][NH s ]-/ 

XI 10- [Ag<NH*)*-] [Ag(NH*) a *] 

NH a /AgNO s . NH 4 OH. W.M.F. [Ag‘]. X 10 *. [NH*]. X ! 0 a . 


2-26 

45*1 

0*217 

1*40 X 10 * 

13*9 

0*0035 

* 1*26 

2*5 

50*0 

0*248 

4*07 X 10 * 

, 13*3 

0*0067 

1*36 

3*0 

60*0 

0*275 

1*39 X 10 * 

12*5 

0*0125 

1-74 

3*5 

70*0 

0*286 

9-0 X 10 * 

11*8 

0*0177 

2*38 

4*0 

80*0 

0*295 

6*3 X 10 * 

11*1 

0 * 0 222 

2*78 

4*5 

90*0 

0*307 

3*8 X 10 * 

10*5 

0*0263 

2-50 

5*0 

100*0 

0*317 

2*6 X 10 * 

10*0 

0*030 

2*33 

104 

■ —. 

0*490 

2-9 x 10 ** 

9*5 

0*971 

2-90 


Mean 2*2 


The values of K appear to confirm the existence of the diammino- 
silver compound in ammoniacal solutions. The first three low 
values of K refer to solutions in which a rapid change in silver-ion 
concentration’was taking place, as shown in curve B (Kg. .1). 
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These values being omitted, the table shows that there is little 
variation in the constant, even although the molar ratio NH 3 /AgN0 3 
varies from 2 to 104. Calculation from Bruni and Levi’s EM.F. 
measurements (loc. cit.) shows not only that the silver-ion con¬ 
centration in ammoniacal solutions becomes extremely small, but 
also that the constant K of the supposed complex kation is similar 
to that found above. They measured the EM.F.’s of a series of 
cells of the type Ag|jV/10-AgN0 3 J#/IO-NaN0 3 J^7/10-Calomel (A) 

at 15°. The EM.F . of the combination AgJlV llO-AgNO z \N /1Q- 
NaN0 3 |V/10-Calomel was 0407 volt (B). The difference of the 
E.M.F.’s of A and B gives the EM.F. of the concentration cell 
AgJ^/lO-AgNOgjl^/lO-NaNOgjlV/lO-AglSrOgjAg, from which the 

concentrations of silver ions were found by means of E = — 0-063 
— 0-0571 log [Ag # ]. Table VII was compiled from the measure¬ 
ments of Bruni and Levi. 


Table VII. 





E . M . F . 

K 

=[Ag‘]NH JV 



Free 

against 


[Ag(NH 3 ) 2 ‘] 

NH 3 /AgNO a . 

[Ag(NH 8 ) a *]. 

nh 8 . 

Nl 10 - Cal . 

[Ag*]. 

X 10 8 . 

2-5 

0*1 

0*05 

4 - 0*111 

5*8 x 10- 7 

1-45 

4*0 

0*1 

0*2 

40*049 

4*9 X lO - 8 

1-95 

5*0 

0*1 

0*3 

40*029 

2*2 X 10’ 8 

1*95 

6*67 

0*1 

0*467 

40-002 

7*6 x 10- 9 

1*66 

- 10 

0*1 

0*8 

- 0*017 

3*4 X lO - 9 

2*19 

20 

0*1 

1-8 

- 0*055 

7*6 X 10~ 10 

2-46 

30 

0*1 

2*8 

- 0*077 

3*0 X IQ " 10 

2-35 

40 

0*1 

3*8 

- 0*093 

1*6 X 10- 10 

2-35 

50 

0*1 

4*8 

- 0*107 

9*6 X 10- 11 

2-19 

60 

0*1 

5*8 

- 0*119 

7*6 X 10- 11 

2-57 

70 

0*1 

6*8 

- 0*129 

6*2 x 10- 11 

2*82 

80 

0*1 

7*8 

- 0*138 

5*0 X 10-* 1 

3-02 

100 

0*1 

0-8 

- 0*156 

3*5 X 10 * u 

3-31 


Mean 2*3 


Bruni and Levi’s data refer to solutions, decimolar with respect 
to silver nitrate, but the ammonia content of which varied con¬ 
tinuously from 0*25 to 10*0iV. The results in Tables VII and VIII 
show that silver nitrate solutions varying in concentration from 
O-0O95Jf to'O-lJf, when rendered ammoniacal from 2- to 100-fold, 
contain the Ag(NH 3 ) 2 * kation, the dissociation constant of which is 
2-2 x 10“ 8 approximately. It is probable that the base Ag(]STH 3 ) 2 OE[ 
is much stronger than ammonium hydroxide and consequently the 
salt Ag(hnB^) 2 N0 3 exists in solution. 

Bruni and Levi also measured the potential differences between 
a silver electrode immersed in various ammoniacal solutions of 
diver nitrite and a decinormal calomel electrode at 15°, using 
^/10-sodium nitrite as junction liquid. In view of the stability of 
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the (Hamming-silver kation when attached to the nitrate ion, the 
data on nitrite solutions were considered of especial interest in 
that they might serve to show the behaviour of the complex kation 
when combined with another anion. Its dissociation constant has 
been calculated and the results obtained are in Table VIII. The 
silver-ion concentrations were calculated from E (obs.) = 0*463 — 
0*0571 log [Ag*], in which the 0 E h of silver was taken as 0*800 volt, 
and E h of lV/10-ealomel as 0*337 volt. 

Table VIII. 

E.M,F. #=[Ag-j[NH 3 ] 2 / 


NH 3 /AgN0 2 . 

[Ag(NH 3 ) 2 *]. 

Free 

NH S . 

against 

^/10-Cal. 

[Ag+ 

[Ag(NHj 
X 10 8 . 

2*5 

0*02 

0*01 

+0*169 

6*9 X 10-« 

3*46 

4-1 

0*02 

0*0407 

+0*098 

4*1 X 10~ 7 

3*37 

5 

0*02 

0*060 

+ 0*076 

1*7 X 10- 7 

2*99 

6*7 

0*02 

0*0933 

+0*041 

4*1 x 10-* 

1*77 

10 

0*02 

0*160 

+ 0*019 

1*7 X 10- 8 

2*17 

20 

0*02 

0*360 

— 0*019 

3*6 X 10-* 

2*36 

30 

0*02 

0*559 

-0*043 

9*8 X 10- 10 

1*52 

40 

0*02 

0*760 

-0*055 

8*7 X 10- 10 

2*52 

50 

0*02 

0*960 

-0*065 

5*6 X 10~ 10 

2*59 


Mean 2*5 


The results in Table VHI show that the silver-ion concentrations 
in ammoniacal solutions of silver nitrite are due to the dissociation 
of a diammino-silver complex, the dissociation constant of which is 
2*5 x 10~ 8 , and is therefore independent of the anion. 

Kohlschutter and Fischmann {Annalen, 1912, 387, 94) made some 
electrometric determinations on ammoniacal solutions of silver 
nitrate, but their data, on calculation, fail to give any constancy for 
K. The only other solutions in which the existence of the complex 
kation has been established by proving that AT is a constant are 
ammoniacal solutions of silver chloride, which Bodlander and 
Fittig (Z. physikal. Chem., 1902, 39, 597) found to give K equal to 
7*88 X 10" 8 , and ammoniacal solutions of silver oxide, for which 
Euler (Ber., 1903, 36, 1854, 2878) obtained values of K ranging 
from 3*4 to 6*4 x 10" 8 at 16° when the ammonia was in large excess, 
and from 1*5 to 1*67 x 10' 8 when the excess was small. 

Summary . 

(1) The precipitation of silver oxide with sodium hydroxide 
has been studied electrometrically, and the solubility product 
[Ag’][OH'] calculated. 

(2) The behaviour of the silver electrode in alkaline solutions 

containing suspended silver oxide has been discussed, and Rordam’s 
view that two modifications of silver oxide exist shown to be 
improbable. r " ^ 

(3) The value of the E.M.F. of the oxygen-hydrogen cell 
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found by Lewis is low, probably because a low value was taken 
for [Ag*][OH']. 

(4) The reaction between silver nitrate and ammonia has been 
studied and further evidence of the existence of the complex 
kation Ag(NH 3 ) 2 * obtained. 

The author takes this opportunity to thank Professor J. C. 
Philip, F.R.S., for facilities in carrying out this work, and the 
Department of Scientific and Industrial Research for a personal 
grant. 

Imperial College op Science and Technology, 

London. [Received, August 1 4dh, 1925.] 


NOTES. 

Preparation of p-Bromophenylhydroxylamine by the Emulsification 
Process. A Modification . By Robert Downs Haworth and 
Arthur Lap worth. 

It has been found that the reduction of pure ^-bromonitrobenzene 
is often quite unsuccessful if carried out as previously described 
(J., 1921, 119, 770). The following modification of the original 
method, however, usually gives a yield of p-bromophenylhydroxyl- 
amine nearly the same as that originally obtained but involves the 
use of more solvent benzene and preferably also more reducing 
solution. It is essential that the sodium sulphide crystals used in 
making the reducing solution should be of good quality. 

p-Bromonitrobenzene (5 g.), benzene (40 c.c.), the hydrosulphide 
solution (120 g., prepared as formerly described, lot. cit., p. 769), 
and calcium chloride (5 g., in a little water) are emulsified. Crystals 
soon separate and, after li hours, solid ammonium chloride (5 g.) 
is added, the whole shaken, and the precipitated ^-bromophenyl- 
hydroxylamine (about 2*9 g.) collected and washed with water. 
The benzene layer of the filtrate is separated, washed with water, 
dried over anhydrous sodium sulphate, and carefully diluted with 
petroleum (b. p. 40—60°); a further crop (about 0*5 g.) of the 
hydroxylamine is then obtained. 

Three experiments carried out in the above way gave total yields 
of 2*7 g., 3*4 g., and 3*3 g., respectively, of p-bromophenylhydroxyl- 
amine. With the smaller quantity (52 g.) of sodium hydrosulphide 
solution previously advised, the yields in five experiments were 
2*4—3*2 g — The University, Manchester. [Received, November 
24£&, 1925*] : ;V ..v/* ' * , ^ i ‘ 
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Action of Hydrazine Hydrate on Phenanthraquinone, A Correction . 

By SlKHIBHUSHAN DUTT. 

It was stated by Dutt and Sen (J., 1923, 123, 3420) that phen¬ 
anthrone is the sole product obtained from phenanthraquinone by 
the action of hydrazine hydrate. In subsequent experiments with 
commercial hydrazine hydrate (50%) 9:10-dihydroxyphen- 

anthrene (m. p. 147°) was almost exclusively obtained instead of 
phenanthrone. 

Fortunately, a small quantity of the original ec hydrazine 
hydrate ” in a sealed tube was available and this was found to be 
incorrectly labelled, the substance being actually pure anhydrous 
hydrazine. Further experiments have shown that, when anhydrous 
hydrazine is allowed to react with phenanthraquinone in absolute 
alcohol, phenanthrone is obtained in good yield and that, when 
small quantities of moisture are present or when ordinary com¬ 
mercial hydrazine hydrate is employed, 9 :10-dihydroxyphen- 
anthrene is almost the sole product. 

The error was made through unavoidable circumstances, but is 
none the less regretted.— Imperial College, South Kensington, 
S.W. 7. [ Received , November 2 8th, 1925.] 

The Aluminioxalciies of some Optically Active Bases . By Thomas 
Bruce Child, Elwyn Roberts, and Eustace Ebenezer Turner. 

Compounds of the aluminioxalate type, derived from the acid 
H 3 A1(C 2 0 4 ) 3 , should be capable of resolution into optically active 
forms. This has been attempted by means of active bases. 

Strychnine Aluminioxalate .—Barium aluminioxalate (Burrows and 
Walker, J., 1923, 123, 2738) twice crystallised from water was 
warmed with the calculated quantity of aqueous strychnine sulphate. 
The precipitate of barium sulphate and strychnine aluminioxalate 
was extracted with boiling water, and the extract allowed to 
crystallise. Different crops had [a]g* —24-0° to —21*0° in 50% 
aqueous acetone, and formed slender, colourless needles, very 
sparingly soluble in water [Found: strychnine, 63*0; C 2 Q 4 , 16*6, 
(C 21 H 22 0 2 N 2 )3,H3AI(C 2 0 4 ) 3 ,16H 2 0 requires strychnine, 63*4; C 2 0 4 , 
16*7%]. When these salts were recrystallised, partial decomposi¬ 
tion occurred with formation of strychnine oxalate and aluminium 
hydroxide, and no conclusions can be drawn in connexion with 
any rotational differences observed. 

When a solution of sodium aluminioxalate was treated with 
half its equivalent of aqueous strychnine hydrochloride a salt was 
obtained which had [a]ff —19-0° in 50% aqueous acetone. It was 
treated with aqueous potassium iodide, and the precipitated strych- 
vol. cxxvn. 5i 
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nine hydriodide removed. The resulting solution of potassium 
aluminioxalate contained a trace of colloidal aluminium hydroxide, 
and what optical measurements were possible pointed to the 
inactivity of the solution. 

Crystallisation of strychnine aluminioxalate from acetone gave 
crops of salt having slightly different specific rotations, but 
consistent results could not be obtained. 

\-Menihylamine Aluminioxalate .—The barium salt was digested 
at 100° with an aqueous solution of the equivalent quantity {10 g.) 
of Z-menthylamine, previously dissolved in the calculated quantity 
of dilute sulphuric acid. Sufficient water was added to keep all 
the menthylamine salt in solution, and after filtration from barium 
sulphate 17 g, of 1 -menthylamine aluminioxalate separated in well- 
defined pri s ms which were sparingly soluble in water [Found: 
Z-menthylamine, 59*2; C 2 0 4 , 33-6. (G^K 2 ^) Z ,B^A1(G 2 0^) Z M^0 
requires Z-menthylamine, 59-9; C 2 0 4 , 34-0%]. This salt had 

Mif —28-5° in 50% aqueous acetone. Recrystallisation, which 
was accompanied by partial decomposition, gave no evidence of 
resolution. 

Treatment of a concentrated solution of sodium aluminioxalate 
with one-third of the equivalent quantity of Z-menthylamine sulphate 
gave a salt having a rotation practically identical with the above. 

l-Phenylethylamine Aluminioxalate. —This salt was prepared by 
digesting the barium salt with the calculated quantity of aqueous 
Z-phenylethylamine sulphate at 100° for about an hour, removing 
the barium sulphate, and evaporating to a small bulk under 
diminished pressure. It crystallised from water, in which it was 
very soluble, in colourless prisms. The main bulk of the salt had 
Mif -3-00° in aqueous solution [Found : C 2 0 4 , 39*1. 

(C 8 H 11 N)3,H 3 A1(C 2 0 4 )3,H 2 0 

requires C 2 0 4 , 39*1%]. After it had been recrystallised four times 
from water, its rotation was not measurably affected (Found: 
Z-phenylethylamine, 53*0; C 2 0 4 , 39*2. Calc., Z-phenylethylamine, 
53-7%). 

Distrychnine potassium aluminioxalate and, d-phenylethylamine 
dipotassium aluminioxalate were also prepared. Their specific 
rotations did not change as a result of repeated recrystallisation. 
Ginchonidine aluminioxalate was obtained as a gummy solid which 
could not be crystallised. 

The authors wish to thank the Research Fund Committee’ of the 
Chemical Society for a grant by means of which the expense of 
this work has been met.— East London College, University of 
London. [Received, September 19Z&, 1925.] . 
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OBITUARY NOTICES. 

RICHARD BURTLES. 

Born May 25th, 1900; Died July 3rd, 1925. 

Richard Burtles was the younger son of the late Alderman Richard 
Burtles of Manchester. He was educated at Manchester Grammar 
School, and at the College of Technology, Manchester. He obtained 
the B.Sc. Tech, degree in July, 1921, being placed in the first 
.(Honours) division, and was awarded a Manchester Education 
Committee Research Scholarship. This enabled him to devote a 
year to research, during which he carried out an investigation on 
the tautomerism of the diphenylglyoxalines, by which he earned the 
M.Sc.Tech. degree. He was then given a maintenance grant by 
the Department of Scientific and Industrial Research, and investig¬ 
ated the preparation of 2-aminoglyoxalines and their behaviour 
towards nitrous acid. The patience, skill, and enthusiasm which 
he showed in these researches led to his appointment, in July, 1924, 
as the writer’s research assistant. In January, 1925, he took a 
position as chemist to the Goodrich Rubber Company, Ltd., of 
Leyland, and held this position until his death, which was due to a 
bicycle accident. 

Burtles was elected a Fellow of the Chemical Society in May, 1923, 
and published three papers, jointly with the writer, in the Journal 
(1923, 123, 361; 1925, 127, 581, 2012). He was greatly inter¬ 
ested in stained glass, no doubt owing to the fact that his father 
had been a glass manufacturer, and contributed articles on “ The 
Colouring of Mediaeval Glass ” and " The Decay of Ancient Glass ” 
to the Journal of the Manchester University Science Federation 
(1923, 2, i, 18; 1924, 2, ii, 62). He took a useful part in the social 
life of the college, becoming Secretary of the Manchester University 
Science Federation and also of the College of Technology Chemical 
Society, and was very popular with the staff and students. 

During his school career, Burtles underwent training for military 
service in the Officers Training Corps, and reached the rank of 
lieutenant, but owing to his age he was not called upon to serve 
abroad. * 

Burtles married Vera, daughter of C. E. Chalmers, Esq., of 
Wellington, Salop, in July, 1924, and leaves a son, bom a few days 
after his death. 

F. L. Pyman. 
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REGINALD ARTHUR JOYNER. 

Born January 10th, 1887; Died October 7th, 1925. 

Dr. R. A. Joyner lost his life as the result of an accident on 
Wednesday, October 7th, 1925, through an explosion in the research 
laboratories of Messrs. Nobel’s Explosives Co., Ltd. 

Dr. Joyner studied at University College, Bristol, taking a London 
degree with Honours in Chemistry in 1909, followed by the M.Sc. 
degree of the newly-founded University of Bristol in 1910. His 
work during this period is recorded in three papers on amalgams of 
silver and tin published in the Journal of the Chemical Society. 
These exhibit his careful and thorough experimentation and stand 
unaltered. They form the accepted basis of the treatment of dental 
amalgams in modem courses on Dental Metallurgy. 

■ Joyner proceeded as an 1851 Exhibition Scholar to Zurich and 
afterwards followed Bredig to the Technische Hochschule, Karls¬ 
ruhe, where he qualified for the degree of Doctor of Engineering, 
which has seldom been obtained by students from abroad. Bredig 
recognised his exceptional ability and independent judgment. 
Joyner published two very neat experimental papers; one dealt 
with the affinity constant of hydrogen peroxide; the other, on the 
catalysis of camphorcarboxylic acid by bases in various solvents, 
further elucidated the remarkable parallelism between ordinary 
reactions and life processes, showing a mechanism through which 
optical activity may play its well-known role. 

For 12 years Dr. Joyner served on the Research Staff of Messrs. 
Nobel’s at Ardeer. Most of the important work which he carried 
out on such war-time problems as mustard gas and explosives is, 
of course, not available for publication, but an estimate of his 
unusual experimental skill and scientific acumen may be obtained 
from a study of the paper which he published in the Journal of the 
Chemical Society on the “ Viscosity of Solutions of Cuprammonium.’ ’ 
His skill in the field of chemical technology is well illustrated by 
his patented process for the continuous manufacture of hydrazine 
(Brit. Pat. No. 199750 of 1923). 

Those who came in contact with Joyner must have realised that 
few scientists showed such whole-hearted devotion and enthusiasm. 
He had many other interests, having been versatile in athletics and 
a keen territorial officer for many years. His straightforward and 
unassuming personality gained him, not only esteem, but also 
affection from all who knew him. In spite of the tragedy of his 
loss at the age of thirty-eight his widow and three children can 
look back with pride on his devoted work in the cause of science. 

■ ■■ . J.'W. McR. 
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GUGLIELMO* KORNER. 

. Born Ajpril 20th, 1839; Died March 29th, 1925. 

Guglielmo Korner was bom in Cassel on April 20th, 1839. Having 
completed his course at the Polytechnic, he decided to devote 
himself to chemistry and studied -under Will, Kopp, and Engelbach 
at Giessen, where he graduated in 1860. He remained at Giessen 
as assistant for 3 years and shortly after spent a year as student 
under Kekule at Ghent. Early in 1865 he became assistant to 
Professor Odling at St. Bartholomew’s Hospital; but at the end 
of the year returned to Ghent as private assistant and secretary to 
Kekule, remaini n g there until the end of 1867, when the latter 
was elected to the chair of chemistry at Bonn. 

At this time Kekuld was engaged in developing his theory of the 
aromatic compounds and in preparing his treatise on the same 
subject, and with this work Komer was closely associated. It is 
well known that Kekule regarded his theory merely as a philosophic 
system which connected in a simple fashion the many isolated 
facts of aromatic chemistry and served as a useful means of explain¬ 
ing their relations; but he failed to grasp to the full extent its 
practical consequences. Komer, with a clearer and broader out¬ 
look, foresaw the possibility of establishing the theory on a sound 
experimental basis. 

During his stay at Ghent Komer found time to carry out a 
number of researches, the most important of which were “the 
synthesis of resorcinol ” and one entitled “ Paits pour servir a 
la determination du lieu chimique dans la serie aromatique,” 
published in 1867. In the preface to the former he points out that 
Kekul6’s theory involves two problems not yet solved. He says, 
“ Dans F6tude des cas d’isomerie dans les substances aromatiques 
on peut eons6quemment se poser deux probl&nes principaux : 
on peut d’abord chercher k 6tablir par experience quels sont les 
corps de memo constitution, c’est-a-dire, dans lesquels la substitu¬ 
tion se fait k des places correspondantes; on peut ensuite specifier 
davantage ces places en cherchant par combien d'atomes d'hydrogkm 
dies sont separees entre dies. Dans sa plus grande generality, ce 
dernier probleme pourrait s’appeler la determination du lieu chimique 
de Fatome substituant. . . . La solution du second probleme parait 
a premiere vue inaccessible & Fexperience. Je pense toutefois 
qu’on pourrait y parvenu.’ 5 He embodies here the idea which 

* Kdmer was christened Wilhelm and, strictly speaking, should bear that 
Christian name; but as he lived most of his life in Italy and never returned 
to his native land and was known by and published under the name Gcuglielmo, . 
it seems right so to designate him. 
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underlay Ms life’s work. In the same paper he brought forward 
a new fact in support of Kekule’s theory : for he succeeded in 
adding to the few di-derivatives, then known in three isomeric 
forms, a new and third iodophenol. 

In the second paper, published in 1867, he gives an indication of 
the principle upon wMch his method of orientation is based. “ Sup¬ 
pose,” he says, “ that the three dihydroxybenzenes give the same 
trihydroxybenzene, by the introduction of a third hydroxyl, it is 
obvious that the three hydroxyls must occupy the positions 1, 2, 4. 
In short, it is only this arrangement of the three hydroxyls wMch 
can combine in one compound the three dihydroxy-derivatives.” 
It must be remembered that at this time methods of orientation 
were largely speculative.* It is true that by a fortunate act of 
intuition Baeyer assigned the correct constitution to mesitylene 
and Graebe gave the true formula to phthalic acid; but, on the 
other hand, some of the suggestions were less happy. Quinol, for 
reasons into which we need not enter, was assumed to be an ortho¬ 
compound, salicylic acid a meta-compound, and ordinary dinitro¬ 
benzene a para-compound, and so forth, assumptions which subse¬ 
quently led to ever increasing confusion as relationships became 
more clearly and closely established. 

Tor reasons of health Komer left Ghent for Palermo in 1867 
and entered the laboratory of Cannizzaro, where he continued to 
work indefatigably, collecting fresh experimental facts connected 
with the problem wMch he had set out to solve. In the two years 
wMch followed, this material had so far accumulated that Canniz¬ 
zaro induced Komer to publish it, although the latter would have 
preferred to withhold it until it had reached a more complete 
form. 

This memoir, which involved a stupendous amount of brilliant 
experimental work, appeared in 1869 in the Giomale di Scienze 
NaturaU ed Economiche of Palermo under the title c< Facts which 
serve for the determination of the chemical position in aromatic 
compounds.” After a short introduction by Cannizzaro, the 
memoir begins with a clear account of Kekul6’s theory on the 
constetution of benzene and the kind s of isomerism to wMch it 
gives rise, Komer shows that the non-existence of more than 
one monoderivative and the special kind of isomerism existing 
among the polysubstituents of benzene is based on the hypothesis 
of the equivalence of the six valencies of the carbon atoms of the 

* An excellent account of the development of the views on orientation is 
given in Boscoe and Schorlemmer’s “ Treatise, 55 vol. iii, part iii (Introduction) 
and also in the introduction by Bichard Meyer to Erlemneyer’s “ Lehrbuch. 
der ca*ganiscMn Ghemie,” vol. ii (Leipag,1882), 
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nucleus and the relative positions occupied by two or more sub¬ 
stituent elements or groups. He then proceeds to bring experi¬ 
mental evidence of the equivalence of the six atoms of hydrogen. 
Beginning with the three hydroxybenzoic acids, he shows that by 
eliminating carbon dioxide the same phenol results. Thus, the 
differences in the three acids must be due to the relative positions 
of the groups. By substituting chlorine for hydroxyl and replacing 
the halogen by hydrogen with the aid of sodium amalgam, he ob¬ 
tained the same benzoic acid in all three cases. These experi¬ 
mental facts, due partly to Komer and partly to Graebe and Beil- 
stein, demonstrate completely the equivalence of three positions 
in the nucleus. 

A fourth position was determined as follows: the nitroaniline 
(para) of Arppe can be transformed into chlorobromobenzene in 
two ways, either by substituting chlorine for the amino-group 
and bromine for the nitro-group or vice versa , and the same product 
results. As this nitroaniline can be proved to belong to the same 
series as one of the hydroxybenzoic acids, it follows that the position 
occupied by the phenol residue in the three acids is equivalent to 
that in a fourth position corresponding to the amino- or nitro- 
group in nitroaniline. The fifth and sixth positions were attacked 
in a similar fashion. 

One of the nitrophenols belongs to the same series as salicylic 
acid. A bromine atom and an additional nitro-group can be 
introduced into this nitrophenol, with the result that the product 
is identical with that obtained by substituting two nitro-groups 
for two atoms of hydrogen in bromophenol and thus bromonitro- 
nitrophenol, G 6 H 2 dSf0 2 *Br*0H*N0 2 , is identical with dinitro-ftromo- 
phenol , C 6 H 2 *N0 2 *lsf0 2 '0H*Br, which signifies that in nitrophenol 
there are two positions of equal value and symmetrical one with 
the other in respect of the hydroxyl. There are therefore five 
equivalent positions. Granted the existence of two symmetrical 
positions and imagining a plane drawn at right angles through 
the centre of these two positions, the molecule will be divided into 
two symmetrical halves, which implies the existence of a second 
symmetrical pair and it may be therefore concluded that the six 
positions occupied by hydrogen in the molecule of benzene are of 
equal value. 

Unfortunately, the publication in which this paper appeared 
was little known to the chemical world, and it was only later 
that its full significance was realised and its conclusions accepted. 
Meanwhile, as already stated, the confusion which reigned on the 
subject of orientation continued to grow. 

Whilst at Palermo Komer sent a paper to the Aeademie des 
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Sciences on the “ Synthesis of a base isomeric with Toluidine/’ 
which he obtained by nitrating and reducing ^-bromotoluene. 
The paper is interesting from the fact that in it he proposes the 
formula for pyridine, which is now adopted. His reference to this 
formula was, however, suppressed in the paper sent to the Academic, 
probably from its purely theoretical nature, but was afterwards 
published (1869) as a note in the Qiomale di Scienze NaturaM ed 
Economiche. , 

We will leave for a moment Korner’s experimental work in order 
to take up the thread of his subsequent career. 

In 1870 the “ Scuola Superior© di Agricoltura ” was founded 
at Milan and Komer was elected to the chair of organic chemistry, 
where he continued with his usual energy to prosecute his experi¬ 
mental studies. In 1874 his classical memoir on “ Studi sull 5 
Isomeria delle cose dette Sostanze Aromaticee a shi atomi di car- 
bonio 55 appeared in the OazzeMa Chimica Italuma, in which is 
collected a mass of new material, the preparation of which had 
occupied him during the preceding five years. 

He begins by explaining the weak points in the views of previous 
observers on orientation and shows that the only satisfactory 
method is the one outlined in his paper of 1867. 

“ For more than six years/’ he says, “ a number of distinguished 
chemists have occupied themselves with the study of isomerism 
of the so-called aromatic compounds and still continue to do so. 
Nevertheless it is a curious fact that no definite solution has up 
to the present been reached.” Further he says : “ The most 
certain method I still believe to be the one suggested seven years 
ago in my first work on this subject, namely, the trans¬ 
formation of the three isomeric di-derivatives into the isomeric 
tri-derivatives.” 

He suggests then the utilisation of the three dibromobenzenes as 
affording the fewest experimental difficulties. 

“ The equivalence of the six positions of hydrogen in benzene 
being granted, it suffices to prepare any complete series of tri- 
substituted derivatives with these three compounds and to study 
their relation and in this way an unequivocal solution of the problem 
will be attained* Thus, by preparing the three possible tribromo- 
benzenes from the dibromobenzenes and discovering for each one 
of them how many and which of the tribromohenzenes can be 
prepared or, vice versa, finding from the latter to which of the 
dibromobenzenes it gives rise, a direct and definite method will 
be afforded for determining the structure of both the di- and tri- 
bromobenzenea according to the following scheme : 
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dibromoanilme and also the six rntrochbromobenzenes. 55 

The principle, as we know, is simple, elegant, and beyond 
criticism and has never been seriously questioned. 

We have only to survey the number and variety of new com* 
pounds, new reactions and new and ingenious devices for obtaining 
the same substance by different methods, to realise the amount 
of patient and careful work and experimental skill which this truly 
classical research entailed. 

As his fellow-worker and biographer, Professor Menozzi, has said, 
“the work suffices to raise Komer to a distinguished position 
among the great chemists. 55 

In addition to devising a method of orientation independent 
of any speculation, Korner was able to lay down certain rules of 
substitution, which possess, not only a scientific interest, but one 
of great practical value. Putting it very briefly, he showed that 
if the halogens or nitric acid act on the halogen derivatives of 
benzene or on aniline, phenol, or toluene so that one atom of 
hydrogen is substituted, the principal product is the 1:4-derivative 
and, as a secondary product, the 1:2-derivative, and the more 
violent the reaction the larger the quantity of the latter. Where 
the original group is CO a H, N0 2 , or SO s H, the principal derivative 
is a 1:3-compound and at the same time a certain amount of 
1 : 2- and occasionally 1: 4-derivative is produced. 

If sulphuric acid is allowed to act on the members of the above 
series, the product is mainly the 1: 3-derivative with smaller and 
variable quantities of the 1 :2-derivative. 

At the end of the paper Komer discusses Kekul6 5 s formula 
for benzene with the alternate double linkages. He shows that 
the simultaneous formation of 1: 2- and 1:4-derivatives in certain 
cases and of 1:3-derivatives in others cannot be explained by 
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Kekule’s formula. He proposes one which had already been 
indicated in a former paper and resembles that of Claus inasmuch 
as each atom of carbon is linked with three others. This arrange¬ 
ment presupposes the twelve atoms to be disposed in four parallel 
planes; in each of the outer planes are three atoms of hydrogen 
1, 3, 5 and 2, 4, 6 and in each of the inner planes three atoms of 
carbon. This arrangement affords the maximum symmetry, 
represents absolute equivalence of the hydrogen atoms and the 
three cases of isomerism among the di-derivatives. 

Besides his work on the constitution of benzene, to which he 
devoted the greater part of his time and thought, his deep interest 
in botany led him to the study of many vegetable substances. 
Between the years 1875 and 1895 he published a series of papers 
dealing with products of the vegetable kingdom such as the con¬ 
stitution of veratrie acid and veratrole, the conversion of aspartic 
into fumaric acid, on two acids isomeric with vanillic acid, on 
eaffeie acid from cinchona cuprein, on the alkaloids of angustura 
bark, the constitution of siringina and, in collaboration with 
Menozzi, on the transformation and synthesis of amino-acids. By 
the action of methyl iodide on amino-acids in presence of alkali, 
ammonia is eliminated and an unsatuxated acid results: thus 
aspartic acid gives fumaric acid, alanine is converted into acrylic 
acid, and leucine into an unsatuxated acid containing six carbon 
atoms. The reverse process was also investigated and carried to a 
successful issue. 

Of Korner’s personal character. Professor Angelo Menozzi, a 
former student and collaborator, has given his impressions in a 
memorial address, from which the following abstracts have been 
taken.* 

The first thing that strikes one, he says, is that Professor Korner 
possessed in an eminent degree that quality of the true scientist 
who devotes himself to the study of science for its own sake, 
independently of any practical application his discoveries may be 
found to possess. It so happened that Korner J s discoveries, though 
of scientific importance of the first order, have brought in their 
train practical results of great value. Korner belongs to that 
group of scientists who affirm nothing without a rigorous and 
complete proof and are never in a hurry to publish results. This 
quality he possessed in an excessive degree. It is certain that it 
took some pressure on the part of Cannizzaro to persuade Korner 
to publish his first paper on orientation/ Furthermore, the con- 

* t wish here to express my indebtedness to my Mend Prof. Nasini for 
the many dociimeoate relating to K6mer which be was good enough to place 
at my disposal and also for the photograph which is reproduced here. 
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stitution of orcin bad been established in Komer’s laboratory 
before Tiemann’s research appeared in the Berichte . The same is 
true of leucine, the constitution of which was fully known before 
its publication elsewhere. He recognised this weakness in him¬ 
self, but as it was of secondary importance to his work, he put it 
aside as a matter of small significance. Whilst one cannot but 
regret this excessive caution which led him to control with scrupulous 
care every conclusion and statement before publication and which 
may have robbed him of priority in certain discoveries, one cannot 
but admire a quality which is only too rare among scientific workers 
of the present day. Komer possessed a keen intuition, which was 
soon recognised by those with whom he worked. He declared the 
acid isolated from aspartic acid to be fumaric acid long before its 
identity was definitely established and the same thing occurred 
with caffeic acid from angustura. 

As a teacher Komer was lucid, profound and effective and his 
lectures left a lasting impression on the many students who 
attended his classes. 

His method was largely based on experimental demonstrations 
and Cannizzaro relates that when acting as lecture assistant his 
arrangement of the experiments was a model of precision and 
ingenuity. He was skilled in analysis by the dry way and insisted 
on his students becoming proficient in this method. In the execu¬ 
tion of his own researches, in his skill as an experimenter, in the 
originality of his ideas and in the novelty of his methods he showed 
a master mind. 

He had a passion for preparing his specimens in a state of extreme 
purity and it is this personal characteristic which is responsible 
for that remarkable collection of organic substances which is one 
of the scientific treasures of the School of Agriculture of Milan 
and is unique in the variety, purity, and beauty of the preparations. 

Komer’s system of imparting information was essentially practical, 
for he never forgot that he was teaching in a school of agriculture. 
If a substance was connected with plant life—he was a passionate 
lover of flowers and plants and possessed a profound knowledge of 
plant physiology—he never failed to enlarge upon this relation; 
similarly any reference to an industrial commodity led to an 
account of its technical application. 

He completed his 75th year in 1914, when, according to the 
existing rule, he reached the retiring age; but at the instance 
of the staff of the agricultural school, supported by the Chemical 
Society of Milan, his services were exceptionally retained until 
1922, when for reasons of failing health he resigned his chair at the 
advanced age of 83. 
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He lived his last three years in peaceful retirement, happy in 
his family life and in the visits of his former colleagues and pupils, 
and passed quietly away on the evening of March 29th, 1925. 

Korner was elected honorary member of many Italian and 
foreign institutions, viz., the Reale Accademia dei Lineei, the 
Beale Istituto Lombardo di Scienze e Lettere, La Society Italiana 
delie Scienze, received the honorary doctorate of Oxford, Cam¬ 
bridge, and Giessen, was awarded the Davy medal of the Royal 
Society and made honorary member of the Royal Institution, of 
the Chemical Society of London, and of the German Chemical 
Society. He was .enrolled chevalier of the civil order of Savoy 
for work of scientific merit. J. B. Cohen. 


GEORGE DOWNING LIVEING. ' 

Born December 21st, 1827; Died December 26th, 1924. 

By the death of Dr. G. D. Liveing, Professor of Chemistry in the 
University of Cambridge, at the great age of ninety-seven, the 
Society loses its oldest member, as he was elected Fellow in 1853. 
He was the son of Edward Liveing of Nayland, Suffolk. Entering 
at St. John’s College, Cambridge, he was eleventh wrangler in 
1850, and, in the following year, he took the Natural Sciences 
Tripos, then instituted for the first time, and obtained a first class 
with distinction in Chemistry and Mineralogy. After working in 
Berlin with Rammelsberg, he was elected to a fellowship at St. 
John’s College in 1853, but, under the Statutes of that period, he 
had to resign on his marriage in 1860. After acting as Deputy to 
the Professor of Chemistry (Reverend J. Cumming), he was elected 
to the Chair in 186L 

It is difficult to convey an idea of the attitude of the University 
at this period towards the experimental sciences, steeped as it was 
in the tradition of centuries of classical, mathematical and theo¬ 
logical teaching. There was no laboratory instruction for students, 
although some experiments seem to have been shown in the lectures. 
Liveing relates how, in 1850, he was attending Mr. Griffin’s lectures 
on Physical Optics and, whilst dealing with the subject of the 
Fraunhofer lines, the lecturer asked any who wished, to come 
again later and he would demonstrate their formation. Liveing 
was the only one in the class who accepted the offer. The apparatus 
consisted of Wollaston’s arrangement for producing a pure spec- 
tram. A prism, a lens, a slit illuminated by an oil lamp, and a 
screen.Between the lamp and the slit was placed a bottle con- 
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taining some copper turnings on which nitric acid was poured. A 
series of fine black lines appeared on the screen. The explanation 
of the formation of the black lines was not given by Bungen and 
Kirchoff until 1860. Liveing had to fight a long and hard battle 
to persuade the University that it was their duty to teach the 
experimental sciences, not by merely showing experiments on a 
lecture table, but by the only sure method, of making the students 
perform them themselves. 

St. John’s College, soon after Liveing took his degree, built 
him a chemical laboratory and “ sowed the first seed towards 
the growth of a large chemical school,” and they allowed him to use 
this laboratory, after he became Professor of Chemistry. The 
question of providing teaching in experimental sciences had still 
to be fought out. Plans were drawn up, but when the tenders came 
in they far exceeded the money the University had to spend. The 
laboratory proposed for Chemistry, by Professor Willis, consisted 
of “ a building which was capable of standing violent explosions 
and as uninflammable as possible, containing a series of vaults.” 
Liveing would have none of this, and begged that Chemistry should 
*be left out of the scheme. The result of his action was that Chem¬ 
istry was only housed in a temporary structure for many years 
until, in 1887, a laboratory was built on the Pembroke Street site. 
This building was added to in 1908 and again in 1920, and the 
department of Physical Chemistry has also taken over the large 
laboratory vacated by the Engineering department. Altogether 
the laboratory has accommodation for more than 700 research 
and ordinary students and is the largest chemical laboratory in 
the country. 

Liveing’s contributions to science were on the transmutation of 
the elements in 1855, and a few papers on geological and chemical 
subjects. In 1875, Sir James Dewar was appointed Jacksonian 
Professor of Chemistry, and the two professors almost at once 
began their researches on the spectroscope, which continued until 
1904. These papers have been collected in one large volume and 
published by the University Press (1915). The work was charac¬ 
terised by its great accuracy, originality, and the patience with 
which one difficulty after another was overcome, and is now regarded 
as one of the standard books on the subject. 

As a lecturer, liveing was inspiring to those who had sufficient 
mathematical ability to follow him. The lectures were illustrated 
by experiments carefully chosen, and invariably rehearsed, but the 
experiments not unfrequently failed from his over-anxiety to make 
them succeed. As the head of a large department, he mamtained 
a stem discipline, and to the younger men he appeared somewhat 
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•unapproachable. Those who knew him intimately, however, were 
aware that he was the kindest and most liberal of men, and a 
delightful companion, especially when he was in the mood to tell 
stories of byegone Cambridge and of his travels, during which he 
collected specimens of minerals to illustrate his lectures. 

Liveing, in addition to his professorial duties, found time to 
attend with great regularity the magisterial bench and many 
philanthropic and benevolent committees. For several years he 
held a commission as captain in the Town and County Rifle Corps; 
he was also an enthusiastic gardener. 

It is not generally known that for the last four years of his life 
he was actively engaged in an experimental investigation on the 
absorption of radiant energy by dense substances* such as barium 
sulphate, lead sulphate, cassiterite, litharge, etc. Each vacation 
he devoted an hour or two every day to working at these problems 
in the Goldsmiths’ metallurgical laboratory, and he spent much 
time at home in working ont his results. This research is far from 
complete, although it is an amazing testimony to his vigour and 
perseverance. It was whilst on his way to the laboratory that he 
met with the accident which caused his death a few weeks later.* 
Liveing resigned his professorship in 1908 and was given the degree 
of Sc.D. 

C. T. Heycock. 


ALEXANDER MITCHELL WILLIAMS. 

Born September 20th, 1888; Died February 21st, 1925. 

The son of a master-baker, Alexander Mitchell Williams was bom 
on September 20th, 1888, at Burntisland in Fifeshire. He attended 
Burntisland School and later George Watson’s College in Edinburgh, 
where at the age of seventeen he was dux and gold medallist. With 
the John Welsh mathematical bursary (a foundation of Thomas 
Carlyle in memory of his father-in-law), Williams entered the 
University of Edinburgh and had a brilliant record in Mathematics, 
Physics, and Chemistry. In 1910 he graduated as B.Sc. and as 
M.A. with first-class honours in Mathematics and Natural Phil¬ 
osophy. During his University period, he gained many scholar¬ 
ships and prizes, being awarded finally an 1851 Exhibition 
Scholarship which enabled him to proceed to Sweden and work 
under the guidance of Arrhenius. His chief study in Stockholm 
was adsorption, a subject which occupied his attention for many 
years afterwards. On returning to this country he continued 
research work in the laboratories of Professor Potman in Liverpool 
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and in London. In 1915 lie was appointed science teacher in 
Hawick High School, and while there had a serious breakdown in 
health, from which he never entirely recovered. After temporary 
service in the Science Department of his old school in Edinburgh, 
he became a lecturer in the Chemistry Department of Edinburgh 
University in 1916. Continuing his research work, he graduated 
as D.Sc. with a thesis on Adsorption. In 1919 he was appointed 
joint Head of the Physico-chemical Department at the Shirley 
Institute, Didsbury, the headquarters of the Cotton Industry 
Research Association. Soon after his appointment he married 
Miss May Shaw, an Edinburgh lady. 

While in Edinburgh, Williams published four valuable papers 
on adsorption (“ Thermodynamics of Adsorption/' Proc . Roy. Soc. 
Edin 1918, 38, 23; “ The Adsorption Isotherm at Low Concen¬ 
trations," ibid., p. 48; “The Adsorption of Gases at Low and 
Moderate Concentrations," Parts I and II, Proc. Roy. Soc., 1919, 
96, A, 287 ; Part III, ibid., p. 298), together with one on “ Periodic 
Precipitation," jointly with Miss M. R. Mackenzie (J., 1920, 117, 
844), and a paper on the “ Depolarisation by Oxygen of a Voltaic 
Cell" (J. Soc . Chem. Ind ., 1920, 39, 285t). 

The work of Williams at the Shirley Institute was chiefly con¬ 
cerned with the moisture relations of cotton, and the swelling of 
cotton cellulose under the influence of alkalis. The results of his 
researches are published in the Journal of the Textile Institute. 
He showed that the swelling in mercerisation cannot be simply 
referred to the concentration of the hydroxide ion in the alkali 
solutions, but is dependent to some extent on a specific effect of 
the alkali metal. The work so far published may be regarded as a 
considerable instalment of a systematic account of the nature and 
reactions of the cotton gel—an account which, when complete, 
should give to those who use cotton in the textile arts increased 
powers in manipulating their material. One positive technical 
success Williams achieved by his discovery of a method for pre¬ 
paring cotton yam of high insulating power, so making it possible 
for English firms to compete in a trade which had long been a 
continental monopoly. 

Williams had a first-rate scientific intellect, both critical and 
constructive. He was a sympathetic and kindly teacher, and-his 
investigations, like all that he did, were carried out with an energy 
and a fervour of enthusiasm which the state of his bodily health 
could ill support. A final attack of his insidious malady at the 
end of 1924 led to his untimely death on February 21st, 1925. 

J. W. 
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GEORGE YOUNG. 

Born September 9th, 1867; Deed April 3rd, 1925. 

George Young, the younger son of Archibald Young, surgical 
instrument maker, was bom in Edinburgh on September 9th, 1867. 
He was educated in Edinburgh at the Collegiate School, George 
Watson’s College, and Minto House. He pursued the study of 
chemistry at the Polytecbnik, Munich, and graduated in 1891 at 
the University of Erlangen. Soon after returning home, he was 
appointed demonstrator of chemistry at Firth. College, Sheffield, 
and was afterwards promoted to the lectureship in organic chemis¬ 
try, a post which he filled with eminent success. Young was an 
excellent teacher and was most successful in interesting students 
in research. He contributed many papers on organic chemistry 
to this Journal between the years 1895 and 1905, dealing with the 
constitution of amidines, the action of ammonias on acetyl urethane, 
triazoles and their derivatives, and kindred subjects. He was a 
Fellow of the Chemical Society, of the Institute of Chemistry, and 
a member of the Society of Chemical Industry. 

In his school days, Young was well known in athletic circles as 
a good sprinter. At Firth College he took a lively interest in the 
life of the College; he started a students’ Chemical Society and at 
the outbreak of the Boer war he played a vigorous part in organising 
a company of students, which was attached to the West Yorkshire 
Royal Engineers. He served with marked success as sergeant- 
major to the company. 

Young severed his connection with the College in 1904, owing to 
ill health, and moved to London in 1906, where he established a 
consulting practice. During the Great War he directed his energies 
to industrial problems with a view to the production of chemicals 
formerly imported from Germany. 

Dr. Young died on April 3rd, 1925, leaving a wife and three 
daughters to mourn his loss. 

W. C. W. 
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between water and benzene, 2461. 
Wright, Robert , selective solvent action. 
PartIV. Cryoscopy in mixed solvents, 
2334. 

Wright, (Mm) Winifred if. See Eric 

K. Bideal. 


Y. 

Yakubchik, A, 0. See Sergei V. 

Lebedev. 

Yardley, (Miss) Kathleen , an X-ray 
examination of maleic and fumaric 
acids, 2207. 

Yarsley, Victor E. See Gilbert T* 

Morgan. 

Yoda, Gm, See Arthur G. Perkin. 
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A. 

rf-Acenaphthaquinoline, and its picrate 
(Stewart), 1331, 

Acetalyl-m-xylylthiocarbamide ( Bur- 
tles, Pyman, and Roylance), 591. 

Acetic acid, o-bromobenzylidene ester 
(Brady, Cosson, and Roper), 2429. 
ethyl ester, effect of salts, sugars, and 
temperature on solubility of (Glas- 
stone and Pound), 2660. 
methyl ester, equilibrium of the 
hydrolysis of (Burrows), 2723. 

Acetic acid, substituted derivatives, 
menthyl esters of (Rule and Smith), 
2188. 

bromonitro-, chlorobromonitro-, and 
chloronitro-derivatives, ethyl esters 
(Macbeth and Traill), 894. 
chloronitro-, ethyl ester, derivatives of 
(Macbeth and Traill), 1122. 
Znchloro-, additive compounds of, 
with esters (Kendall and Booge), 
1771. 

Acetic anhydride, interaction of tel¬ 
lurium tetrachloride and (Morgan and 
Drew), 531. 

Acetoacetic acid, thallous ethyl salt 
(Christie and Menzies), 2372. 
ethyl ester, action of o-hydroxydistyryl 
ketones on (Heilbron, Forster, 
and Whitworth), 2159. 
sodium derivative, hydrate of 
(Sidgwick and Brewer), 2383. 

Acetodibenzylamide (Holmes and In¬ 
gold), 1819. 

Acetohexadecylamide (Adam and Dyer), 
73 . 

Acetomethylbenzylamide (Holmes and 
Ingold), 1818. 

Acetonecarbethoxyphenylsemicarba- 
zones (Wilson and Crawford), 107. 

Acetone-5-menthylsemicarbazone (Wil¬ 
son and Crawford), 106. 

Acetonitrobenzylmethylamides (Holmes 
and Ingold), 1818. 

Acetodihitrodibenzylamides (Holmes 
and Ingold), 1820. 

Aeetonitropentose (Oldham), 2845. 

Acetooctadecylamide (Adam and Dyer), 
73. 

Acetophenone-2:4-efo‘chlorophenylhy- 

drazone (Humphries, Humble, and 
Evans), 1306. 


Acetophenoneoxalyldihydrazone (Wil- 
son and Pickering), 966. 

Acetophenonesemioxamazone (Wilson 
and Pickering), 966. 

0 - Aceto-if-undece novanilly lamide 
(Jones and Pyman), 2598. 

Ace toxy dihy dr o -^-cymene, bromo- 

(HenPwY and Paget), 1658. 

d - and Z-a-Acetoxypropionic acids, ethyl 
esters (Kenyon, Phillips, and Tur¬ 
ley), 413. 

Acetylacetone, potassium and sodium 
derivatives (Sidgwick and Brewer), 
2384. 

2-AcetyleycZobutane-l:2:3»tricarboxylic 
acid, ethyl ester (Ing and Perkin), 
2397. 

Acetylene, explosion of mixtures of 
nitrogen and (Garner and Saunders), 
77. 

a-Acetyl-y-hydroxy-y-phenyl-AApro- 
penecarboxylic acid, lactone of (R. M. 
and J. N. RIy), 2722. 

AcetylmethylcycZohexanone, beryllium 
salt (Morgan and Elvins), 
2624. 

Acetylsuccinic acid, ethyl ester, bromo- 
ana chloro-derivatives (Macbeth and 
Traill), 1120. 

2-Acetyl-n-tridecoic acid, ethyl ester 
(G. M. and R. Robinson), 179. 

Acid, C 8 H I4 0 5 , and its ethyl ester, from 
sodium ethoxide and ethyl a-chloro- 
7 -methylglutarate (Goss and In¬ 
gold), 2779. 

C 8 HA and its salts, from cheno- 
podium oil (Henry and Paget), 
1658. 

and its ethyl ester, from 
ethyl dibromocinnamate and ethyl 
sodiomalonate (Haerdi and 
Thorpe), 1247. 

c 19 h S8 o 8j and its derivatives, from 
saponification of cutin (Legg and 
Wheeler), 1419. 

CgeHMOa, and its salts, from saponifi¬ 
cation of cutin ( Legg and Wheeler), 
1419. 

Acids, additive compounds of esters and 
(Kendall and Booge), 1768; 
(Kendall and King), 1778. 
aliphatic, catalysis of bromination of 
(Watson), 2067- 
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Acids, monobasic fatty, molecular 
volumes of (Garner and Ryder), 
720. 

dibasic, influence of valency direction 
on the dissociation constants of 
{Steers and Thorpe), 538. 
titration of, with hydrogen and 
oxygen electrodes (Britton), 
1890. 

organic, catalytic oxidation of {Bideal 
and Wright), 1352. 
mixed, estimation of highersaturated 
acids in (Lapworth and Mot- 
tram), 1628. 

unsaturated, aj£H8y change in (Bon 
and Linstead), 616. 

Additive reactions and tautomerism 
(Ingold), 469. 

Address, presidential (Wynne), 936. 
Adsorption, cryoscopic study of (Rich¬ 
ardson and Robertson), 553. 
negative (Goard), 2451. 

Affinity, residual, and co-ordination 
(Morgan and Yarsley), 184 ; (Mor¬ 
gan, Carter, and Harrison), 1917; 
(Morgan and Smith), 2030. 

Air. See Atmospheric ah*. 

Alcohols, optically active aromatic 
(Hewitt and Kenyon), 1094. 
of the hydroaromatic and terpene 
series (Kenyon and Priston), 1472. 
Aldehydes, synthesis of (Stephen), 
1874. 

and their derivatives, absorption 
spectra of (Purvis), 9. 
action of, on Grignard reagents (Mar¬ 
shall), 2184. 

aromatic, action of phenanthraquinone 
on, in presence of ammonia (Sircar 
and Ray), 1048. 

4-Aldehydo-l :2-hydroxyphthalide p- 
nitrophenylhydrazone (Perrin and 
Stone), 2293. 

m-Aldehydophenyl carbonate, and ethyl 
carbonate, and 4-nitro- (Mason and 
Jbneinson), 1196. 

4-Aldehyde-l:2-phthalic acid, and its 
derivatives (Perkin and Stone), 
2295. 

4-Aldehydo-l:2-phthalide, and its 
phenylhydrazone (Perkin and Stone), 
2290. 

2-Aldehydoterephthalic acid, and its 
oxime (Perkin and Stone), 2294. 
Aldoximes, action of picryl chloride and 
of 2:4-dinitroehlorobenzene on (Brady 
and Klein), 844. 

Aliphatic compounds, higher, synthesis 
of (G. M, ana R. Robinson), 175, 
Alixarin 2-methyl ether, and its acetyl 
derivative (Kubota and Perkin), 
1892. 


Alkali metals, co-ordinated compounds 
of (Sidgwiok and Brewer), 2379. 
hydroxides, electrometric studies of 
the reactions between silver nitrate 
and (Britton), 2950. 

4-Allylvexatrole, 5-amino-, acetyl deriv¬ 
ative, and 5-nitro- (Lions, Perkin, 
and Robinson), 1167. 

Aluminioxalic acid, salts of, with optic¬ 
ally active bases (Child, Roberts, 
ana Turner), 2971. 

Aluminium hydroxide, electrometric 
precipitation of (Britton), 2120. 
oxide {alumina), interaction of sodium 
chloride and (Clews), 735. 
catalytic action of, on the reaction 
between ammonia and ethyl 
alcohol (Dorrell), 2399. 
sulphate, equilibrium of, with copper 
sulphate and water and with 
ferrous sulphate and water (Occle- 
shaw), 2598. 

equilibria of, with copper and 
manganous sulphates and water 
(Caven and Mitchell), 527. 
equilibrium of nickel sulphate, 
water,and(CAVEN and Mitchell), 
2549. 

equilibrium of silver sulphate, water, 
and (Caven and Mitchell), 2550. 

Aluminium organic compounds 
Aluminium benzoylcamphor, and its 
mutarotation (Faulkner and 
Lowry), 1080. 

Amides, action of nitrous acid on 
(Plimmer), 2651. 

acid, chemical constitution and pun¬ 
gency of (Jones and Pyman), 
2588. 

Amidines, tautomerism of (Forsyth and 
Pyman), 573. 

Amines, velocity of benzylation of (Pea¬ 
cock), 2177. 

action of, on semicarbazones (Wilson 
and Crawford), 103. 

Amino-acids, conversion of, into tertiary 
amino-alcohols (McKenzie and 
Wills), 283. 

Amino-compounds, action of nitrous acid 
on (Plimmer), 2651. 

Ammonia, thermal decomposition of, on 
varying surfaces (Hinshelwood and 
Burk), 1105. 

explosion of, with carbon monoxide 
and oxygen (Beeson and Parting¬ 
ton), 1146. 

catalysis by alumina of the reaction 
between ethyl alcohol and (Dor¬ 
rell), 2399. 

liquid, ionisation of aromatic nitro¬ 
compounds in (Field, Garner, and 
Smith), 1227. 
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Ammonium ions, configuration of (Mills 
and Warren), 2507. 

A mm onium salts, quaternary, velocity 
of formation of (McCombie, Roberts, 
and Scarborough), 753. 

iso Amyl nitrite, surface tension and 
density of (Sugden, Reed, and Wil¬ 
kins), 1537. 

dl-sec ,-Amylaeetylac8tone, audits copper 
salt (Morgan and Elvins), 2623. 

3- sec. - Amyl&ipropionylmethane, and its 
copper salt (Morgan and Elvins), 
2624. 

Amylo-hemicellulose (Ling and Nanji), 
652. 

Amylopectin, structure of (Ling and 
Nanji), 629. 

Amylose, structure of, and its derivatives 
(Ling and Nanji), 629. 

4- sec. - Amylci/cZoteUur ipent ane-3:5 - dione 
bichloride (Morgan and Elvins), 
2624. 

4-sec. -Amyleycfotelluropentane-3:5-dione 
(Morgan and Elvins), 2624. 

Analysis, microclieniical Dennstedt 
(Funk and Kon), 1754. 

Anethole nitrosoohloride, reduction of, 
by stannous chloride and hydrochloric 
acid (Shoesmith and Slater), 1490. 

Anhydro-3-acetylaminO'2-methylcincho- 
ninic acid (Gulland and Robinson), 
1498. 

Anhydro-2-aldehydoterephthalic acid 
phenylhydrazone (Perkin and 
Stone), 2294. 

Anhydrocotarnine-methylamine, and its 
salts (Haworth and Perkin), 1444. 

Anhydrocotamine-6-nitro-4:5-di- 
methoxyphthalide (Ray and Robin¬ 
son), 1621. 

Anhyfao-7-demethylomethyl-^-cory- 
d&line, and its picrate (Haworth and 
Perkin), 1461. 

Anhydro-7-demethylomethylpapaver- 
inol, and its perchlorate (Haworth 
and Perkin), 1458. 

Anhydro-2:4-dialdehydobenxoic acid di- 
phenylhydxazone (Perkin an d Stone), 
2292. 

Anhydr o-a-diphenylacetyl- a( or £)-carb- 
oxy-£(or a)-caxhethoxyhydrazine-jS- 
diphenylacetic acid (In gold and 
Weaver), 382, 

Auhydro-7:8-methylene&ioxy -11-phenyl- 
indenoquinoline methohydroxide, and' 
its salts (Armit and Robinson), 
1611. 

10:ll-Anhydro-7^-methylenedioxy- 
quinindoline 10-methohydroxide (Ar- 
mit and Robinson), 1613. 

Anhydro-jS-methylpimelic-jS-acetic acid 
(Farmer and Ross), 2364^ 


Anhydronium bases (Armit and Robin¬ 
son), 1604. 

Anils, reaction of ethyl malonate with 
(Wayne and Oohen), 450. 

Aniline, physical properties of, and its 
aqueous solutions (Applebey and 
Davies), 1836. 

j3-Anilinoanisylmalonic acid, ethyl 
ester (Wayne and Cohen), 458. 

1 - Anilinobenzthiazole, and its deriva¬ 
tives (Hunter), 2023. 

P -Anilinobenzylmalonic acid, menthyl 
and methyl esters, and p-bTomo-, p- 
chloro-, and m-nitro-, ethyl esters 
(Wayne and Cohen), 456. 

£~Anilinobutaldehyde diethylaceial 
(Mason), 1033. 

1- Anilino-l-cyanocycZopentane (Plant 
and Facer), 2038. 

2- Anilino-5-ethoxy-4:5-dihydrothiazole 
(Burtles, Pyman, and Roylance), 
590. 

2-Anil ino-5-etboxy-4-methyl-4:5-di- 
bydrothiazole picrate (Burtles, 
Pyman, and Roylance), 589. 

1-Anilinocyc/opentane-l-carboxylic 
acid, synthesis and derivatives of 
(PLANTandF acer), 2037. . 

6-Anilino-p-tolylmalonic acid, ethyl 
ester (Wayne and Cohen), 455. 

Anisaldehy dediphenylene-4*.4'-dihydr- 
azone (Chattaway, Ireland, and 
Walker), 1853. 

?n-Anisidine, 4-bromo-, and its benzoyl 
derivative (Griffith and Hope), 994. 

$ •O’ and -p-Anisidinobenzylmalonic 
acids, ethyl esters (Wayne and 
Cohen), 458. 

Anisole, 4-chloro-, mercaptan bisulphide 
and btsulphoxide of (Gauntlett 
and Smiles), 2746. 
irinitro-, alcoholysis of (Brady and 
Horton), 2230. 

AniaoIe-2-methylsulpfcone, 4-chIoro- 
(Gauntlett and Smiles), 2746. 

Anisole-2-sulphhiic acid, 4-chloro- 
(Gauntlett and Smiles), 2746. 

Anisole-2-sulphonic acid, 4-chloro-, 
sodium salt and derivatives of (Gaunt¬ 
lett and Smiles), 2745. 

p-Anisyldimethylt»Uuri-7?i07w?- and’ -bi¬ 
iodides (Morgan and Drew), 2314. 

Anisylidene-p-aminobenzoic acid 

(Wayne and Cohen), 460. 

Anisylideneazine hydrochloride, and 
its compound with stannic chloride 
(Shoesmith and Slater), 1490. 

Anisyl a-metboxy-j8-hydroxyvinyl 
ketone (Malkin and Robinson), 
1194. 

p-Anisylmethyl telluride (Morgan and 
Drew), 2315. 
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Anisylsuccinic acid, and its anhydride 
(Baker and Lapworth), 565. 

Annual General Meeting, 918. 

Anthracene, action of nitrogen dioxide 
on derivatives of (Barnett), 2040, 

Anthracene, l*chloro-9(or 10)-nitro-, 
and l:5-dfehloro-9:10-c£initro- 
(Barnett), 2042. 

wesothio-, derivatives of (Cooke, 
Hbelbron, and Walker), 2250. 

Anthragallol 1- and 2-methyl ethers 
(Kubota and Perkin), 1894. 

Anthrapurpurin dimethyl ether, and 
its acetyl derivative (Miller and 
Perkin), 2690. 

Anthrapnrpnrinanthranol dimethyl 
ether, and its acetyl derivative 
(Miller and Perkin), 2691. 

Anthraquinones, bromo-, reduction of 
(Barnett and Cook), 1489. 
hydroxy-, reduction products of 
(Perkin and Yoda), 1884; 
(Miller and Perkin), 2684. 

Antimonoxalic acid, potassinm salts 
(Holmes and Turner), 1753. 

Antimony halides, reactions of, with 
benzanilide and with benzylaniline 
(Yanstone), 550. 

hydride, solid (Weeks and Deuce), 
1069. 

Apigeninidin joerchlorate and chloride 
(Pratt and Robinson), 1133. 

Aquopentamminochromic salts. See 
under Chromium. 

Aquopentamminocohaltic salts. See 
under Cobalt. 

Ar&binose, constitution of (Hirst and 
Robertson), 358. 

7 -Arabinose, derivatives of (Baker and 
Haworth), 365. 

Arabotrimethoxyglutarie acid, methyl 
ester (Hirst and Robertson), 
362. 


Arachidic acid, synthesis of (Adam and 
Dyer), 70, 

Aromatic compounds, effect of various 
nuclei on absorption spectra of 
(Purvis), 2771. 

Isomerism in (Chapman), 2818. 
directi\e influence of nitrogen and 
oxygen atoms in substitution in 
(Holmes and Inoold), 1800. 
mercuratiott of (Coppey), 1029. 
polynuclear heterocyclic (Armit and 
Robinson), 1604. 

Arsenic organic compounds (Aeschli- 
manh, £EES, MoCleland, and 
Nioklin}, 66, t 

asymmetric, resolution of (Mills and 
per), 2473. 

$uinquevalent asymmetric (Aeschli- 
^ mann), 811, 


Arsenic estimation:— 
estimation of, in organic'compounds 
(Newbery), 1751, 

Arsines, tertiary, preparation of (Hunt 
and Turner), 2667. 

Atmospheric air, combustion of gases 
with (White), 48, 672. 
ignition of mixtures of paraffins with 
(Wheeler), 14. 

Atomic weight of boron (Briscoe, 
Robinson, and Stephenson), 150; 
(Briscoe and Robinson), 696, 
of bromine (Robinson and Briscoe), 
138. 

Atomic weights, report of the Inter¬ 
national Committee on, 913. 
table of, 917. 

Atrolactinic acid, synthesis of glycols 
from (Roger), 518. 

Azides, action of, on toluquinone (Chat- 
taw ay and Parkes), 1307. 

Azoaldoximes, aryl derivatives, synthesis 
of (Walker), 1860. 

Azo-colouring matters, stereoisomeric 
(Morgan and Skinner), 1731. 

Azo-compounds, addition of, toethylenes 
(Ingold and Weaver), 378. 

Azodicarboxylic acid, ethyl ester, prepar- 
atim of (Ingold and Weaver), 381. 

Azoxybenzene, surface tension and 
density of (Sugden, Reed, and Wil¬ 
kins), 1537. 

Azoxy-compounds, action of light on 
(Cummisg and Ferrier), 2374. 

o-Azoxytoluene, surface tension and 
density of (Sugden, Reed, aud Wil¬ 
kins), 1537. 

B. 

Balance, micro-. See Micro-balance. 

Balance sheets of the Chemical Society 
and Research Fund. See Annual 
General Meeting, 918. 

Balbiano’s acid,‘structure of (Rothstein, 
Stevenson, and Thorpe), 1072. 

Barium nitrate, periodic crystallisation 
of (Hedges and Myers), 2433. 
equilibrium of, with lead and 
potassium nitrates and water 
(Glasstone and Riggs), 2846. 
peroxide, new (Carlton), 2180. 

Base C u H 17 OH 3 , and its salts, from 
chenopodium oil (Henry and Paget), 
1656. 

Bases, weak, detection of (Robinson), 768. 

Behenic acid, sodium salt, state of, in 
solution (Laing), 2751. 

Benzaldehyde stannichloiide (Stephen), 

1876. 

and chloro-, chlorophenylhydxazones 
of (Humphries, Humble, and 
Evans); 1806. 
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Benzaldehyde, bromonitro-, chloronitro-, 
and nitro-, bromo- and chloro- 
phenylhydrazones of, and tbeir 
acetyl derivatives (Chattaway and 
Walker), 1690. 

m-hydroxy-, bromo- and nitro-deriv- 
atives of, and tbeir derivatives 
(Hodgson and Beard), 875. 
m- and _p-nitro-, bromo- and chloro- 
pbenylhydrazidines (Chattaway 
and Walker), 1694. 
6-nitro-3-hydroxy-, derivatives of 
(Mason and Jenkinson), 1198. 

Benzaldebyde*2:4-^ibromopbenylbydr- 
azidine (Chattaway and Walker), 
981. 

Benzaldehyde-2:4-dibromophenylhydr- 
azone, w-bromo*o-nitro-_ (Chattaway 
and Walker), 2411. 

Benzaldebyde-2:4-^2bromopbenylbydr- 
azones, «- and jp-bromo-, a-chloro- 
and a-cyano- (Chattaway and 
Walker), 981. 

Benzaldehyde-2:4-fi?tcbloropbenylbydr- 
azone, cy-bromo-o-nitro-, and w-cMoro- 
o-nitro- (Chattaway and Walker), 
2411. 

Benzaldebydeincblorophenylbydr- 
azonea, bromonitro- and chioronitro- 
derivatives (Chattaway and Walk¬ 
er), 2412. 

Benzaldehydediphenylene-4:4*-dibydr- 
azone, and o-, m-, and^-nitro- (Ohat- 
taway, Ireland, and Walker), 
1853. 

Benzaldehydephenylbydrazone, action 
of bromine on (Chattaway and 
Walker), 975. 

Benxaldehydephenylhydrazones, m- and 
jp-nitro-, action of halogens on (Chat¬ 
taway and Walker), 1687. 

Benzcmtaaldoxime methyl ethers, surface 
tension and density of (Shgden, Reed, 
and Wilkins), 1537. 

a-Benzaldoximes, nitro-, benzoyl deriv¬ 
atives (Brady and McHugh), 2420. 

j8-Benzaldoxime, o-nitro-, acetyl deriv¬ 
ative (Brady and McHugh), 2423. 

a- and d-Benxaldoximes, bromo-, chloro-, 
and iodo-, and their salts and deriv¬ 
atives { Beady, Cosson, and Roper), 
2428. 

2-chloro-5-nitro-, and the a-aeetyl 
derivative (Brady and Bishop), 
1361. 

Benzalizarin methyl ether, and its acetyl 
derivative (Miller and Perkin), 
2689. 

isoBenzalizarin, and its derivatives 
(Miller and Perkin), 2689. 

Benzanilide, reactions of antimony 
halides with (Yanstone), 550. 


Benzene, cryoscopy with (Jones and 
Bury), 1947. 

and nitro-, dielectric constants of 
(Harris), 1065. 

nucleus, influence of nitro-groups on 
the reactivity of substances in 
(Kenner, Tod, and Witham), 
2343. 

derivatives, disub stituted, surface 
tension and density of (Sugden 
and Wilkins), 2519. 
vicinal trisubstituted, substitution 
in (Rubenstein), 2268. 

Benzene, chloronitro-derivatives, re¬ 
actions of, with sodium sulphides 
(Hodgson and Wilson), 440. 
nitro-, cryoscopy with (Brown), 345. 
nitroso-, bromination and nitration of 
(Ingold), 515. 

Benzenes, dwutro-, ionisation of, in 
liquid ammonia (Field, Garner, and 
Smith), 1231. 

B enzeneazobenzylfoimaldoxime, and its 
derivatives (Walker), 1861. 

Benzeneazocarboxylic acid, ethyl ester, 
preparation of (Ingold and Weater), 
382. 

2- Benzeneazo-4*. 5-dime thylglyoxaline, 
2-jp-bromo-, and its hydrochloride 
(Burtles and Pyman), 2014, 

3- Benzeneazo-2:6-lutidine,3-i?-hydroxy-, 
and its hydrochloride (Gulland and 
Robinson), 1495. 

B enzeneaz o-4(5 )-me thy lglyoxaliues, 
bromo-( Beetles ana Pyman), 2016. 

Benzenesulphonic acid, glyceryl ester 
(Fairbourne and Foster), 2762. 

Benzenesulphonyl iodide, 2:5-<ftchloro- 
(Gibson, Miller, and Smiles), 1823. 

B enz ene thiolsulphonic acid, bromo-, 
chloro-, and intro-derivatives, sub¬ 
stituted phenyl esters of (Miller 
and Smiles), 229. 

2:5-dichloro-, and 3-nitro-, 4-tolyl 
esters (Gibson, Miller, and 
Smiles), 1822. 

Benzil, semicarbazones of (Hopper), 
1285. 

Benzil, hydroxy-derivatives (Marsh and 
Stephen), 1638. 

2:4 -di- and 2:4:6-2ri-hydroxy-, and 
their acetyl derivatives (Marsh and 
Stephen), 1636. 

Benziloxunes, methylation of (Brady 
and Perry), 2874. 

Sifl-Benzo-lri'-diethylcarbocyanine . 
bromide (Mills and Raper), 2474. 

Benzoic acid, periodic crystallisation of 
(Hedges ana Myers), 2434. 

Benzoic acid, 4:5-dihromo-2-amino~, and 
S-nitro-2-amino-, acetyl derivatives 
(Chapman and Stephen), 1794.' 
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Benzoic acid, 3:5-<^nitro-, glyceryl 
esters (Fairbourne and Foster), 
2763. 

Benzoin, semicarbazones of (Hopper), 
1282. 

Benzophenone, 2:4:2':4'-&2raamino- 
(Gulland and Bobinson), 1499. 

Benzophenone- 5-4-oarbethoxy phenyl- 
semicarbazone (Wilson and Craw¬ 
ford), 107. 

Benzophenone-2:4-<£i- and 2;4:6-£ri- 
chlorophenylhydrazones (Humphries, 
Humble, and Evans), 1306. 

7 -Benzopyrones. synthesis of (Baker), 
2349. 

jj-Benzoquinone, preparation of (Craven 
and Duncan), 1489. 

i?-Benzoqninone-4-o3dme, 3-bromo-, and 
3-iodo- (Hodgson and Moore), 2262. 

2:3-Benzoxazine, 1-hydroxy- (Griffiths 
and Ingold), 1704. 

Benzoylacetone, lithium and sodium 
derivatives (Sedgwick and 
Brewer), 2383. 

thallous salt (Christie and 
Menzies), 2372. 

jS-Benzoyl-p-bromophenylbydiazine, 
£-m- and -js-nitro-, a-acetyl derivatives 
(Chattawat and Walker), 1696. 

^3-Benzoyl-2:4-dtbromopbenylbydrazine, 
j3-wi- and -p-nitro-, and their a-acetyl 
derivatives (Chattaway and 
Walker), 1696. 

-Benzoyl-2:4:6-^br omophenylhydr- 
azine, jS-wi-nitro-, a-acetyl derivative 
(Chattaway and Walker], 1695. 

2- Benzoylcy^obntane-l:2:8 -tricarb¬ 
oxylic acid, ethyl ester (Ing and 
Perkin), 2397. 

Benzoyldi-p-tolylamine (Chapman), 
1998. 

tf-Benzoyl-jp-chlorophenylhydrazine, 

a-ac ety l derivative 
(Chattaway and Walker), 1693. 

£-Benzoyl-2:4-<2ichlorophenylhydrazine, 
j8-m- and -p-nitro-, and their a-acetyl 
derivatives (Chattaway and 
Walker), 1693. 

j3-Benzoyl-2:4:6-25rzchlorophenylhydr- 
azine, &-m- and -j?-nitro-, and their 
a-acetyl derivatives (Chattaway and 
Walker), 1693. 

Benzoyl-o-hydroxybenzoyl-Z-ecgonine, 
and its picrate (Gray), 1167. 

d- and Z-a-Benzoyloxypropionic acids, 
ethyl esters (Kenyon, Phillips, and 
Turley), 412. 

3- Benzoylvalcric acid, o-amino-, acetyl 
and formic derivatives (Paterson 
and Plant), 1797. 

Benzoylveratroylacetie acid, ethyl ester 
(Gulland and Bobinson), 1501. 


Benzoylveratroylmethane, and its 
copper salt (Gulland and Bobinson), 
1501. 

Benzthiazole, chloro-, dtbromide 
(Hunter), 1488. 

Benzthiazoles, physiological action of 
(Hunter), 911. 

Benzthiazoles, amino- (Hunter), 2023, 
2270. 

Benzthiazole series (Clark), 973. 

Benzyl 9-anthryl and 2-nitrophenyl 
disulphides (Footner and Smiles), 
2889. 

chloroethyl and £-hydroxyethyl 
ethers (Bennett), 1279. 

3- BenzylaeetyUcetone, and its copper 
and sodium salts (Morgan and 
Taylor), 801. 

Benzylamine, 3:4-^hydroxy- (Jones 
and Pyman), 2596. 

Benzylamines, nitro-, salts of (Holmes 
and Ingold), 1812. 

Benzylaniline, reactions of antimony 
halides with (Vanstone), 552. 

Benzylbenzoylacetone (Trotman), 94. 

Benzylbenzoyl-^-x[/-ecgonine, and its 
salts (Gray), 1157. 

Benzylbenzoyl-Z-ecgonine, and o-hydr- 
oxy, and ^-nitro-, and their salts 
(Gray), 1153. 

Benzylearbamide, a-hydroxy-, and its 
salts (Wood and Lillet), 97. 

4- Benzylcoumarin, 7-hydroxy- (Baker 
and Bobinson), 1984. 

3-Benzyl-2:5-dimethylbenzo-7-pyrone, 
7-hydroxy-, and its derivatives 
(Baker), 2357. 

2-Benzyl-l-hydrindone, and its semi- 
carbazone (Mills and Akers), 2478. 

Benzylhydrohydrastinine, and its 
hydrochloride (Haworth, Perkin, 
and Pink), 1721. 

Benzylfiorhydrohydrastinine, and its 
salts (Haworth, Perkin, and Pink), 
1721. 


BenzylhydroxymethylhenzoyK- 
ecgonines, and their picrates (Gray), 
1157. 


Benzylideneacetone. See Styryl methyl 
ketone. 

Benzylidenedibenzylacetone (Mills and 
Akers), 2477. 

Benxylidenemalonic acid, menthyl ester 
(Wayne and Cohen), 459. 

Benzylidenenitrobenzylamines, nitro- 
(Ingold), 1143. 

a-Benzylmandelic acid (Malkin and 
Bobinson), 376. 

Benzylmethylamine hydrochloride 
(Holmes and Ingold), 1813. 

Benzylmethylamine, a-hydroxy-, and its 
derivatives (Wood and Lilley), 96. 
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Benzylmethylaxnines, nitro-, and their 
salts (Holmes and Ingold), 1814. 

3- Benzyl-2-methylb8nzo-7-pyrones, 
bfhydroxy-, and their diacetyl deriv¬ 
atives (Baker), 2355. 

4- Benzyl-2-methylc2/£Zotelluripentane- 
3:5-dioue l:l-bZchloride (Morgan 
and Corby), 2618. 

4-Benzyl-2-methylcycZotelluropentane- 
S:5-dione (Morgan and Corry), 
2618. 

Benzyloreacetophenone (Baker), 2356. 

3-Benzyl-2-phenylbenzo-7*pyxone, 
7-hydroxy-, and b&ydxoxy-, and 
their derivatives (Baker), 2355. 

Benzylphloracetophenone (Baker), 
2355. 

3- Benzylpropionylacetone, and its 
copper salt (Morgan and Corby), 
2617. 

Benzylquinaldine ethiodide (Mills and 
Barer), 2474. 

2-BenzylcycZotelinripentane-3:5-dione 
1:1-bichloride (Morgan and Jones), 
2619. 

4- Benzylq/cZotelluripentane - 3:5 - dione 

1:1-bichloride (Morgan and Taylor), 
801. 

2-Benzyhu/cZotelluropentane-3:5-dione 
(Morgan and Jones), 2620. 

and its iLxime (Morgan andTAYLOR), 
801. 

l-Benzyl-l:2:3:4-tetrahydroisoqninoline, 
and its salts (Forsyth, Kelly, and 
Pyman), 1664. 

BenzyltropoyW-ecgonine, and its salts 
(Gray), 1156. 

Berberine, imino-, and its hydrochloride 
(Haworth, Perkin, and Pink), 
1723. 

Beryllium hydroxide, electrometric 
precipitation of (Britton), 2120. 

l:l-BisbenzfcMazole, bromiuation of 
(Hunter), 1318. 

Bis-7-butyrolactone-aa-spiran. SeeHep- 
todilactone. 

Bis-1:3-dimethoxyphenyl 4:4-bitellaride 
(Morgan and Drew), 2313. 

Bis- l:3-dimethoxyphenyl-4-teUurib2- 
cbloxide (Morgan and Drew), 2313. 

Bis-2-hydroxy-l-methoxyphenyl 4:4-bi- 
telluride (Morgan and Drew), 2314. 

Bismethylenedioxydihydroprotoberber- 
ine, and its picrate (Buck, Perkin, 
and Stevens), 1469. 

6:7:3':4'-Bismethylenedioxy-3:4-di- 
hydroprotopapaverine, and its picrate 
(Buck, Perkin, and Stevens), 1466. 

6:7:3':4'-Bismethylenedioxy-9-hydroxy- 

; . protopapaverine (Buck, Perkin, and 
Stevens), 1471. 


6:7:3': 4'-Bismethylenedioxy-9-keto-3:4- 
dihydroprotopapaverine, and its de¬ 
rivatives (Buck, Perkin, and 

Stevens), 1470. 

6:7:3':4'-Bismethylenedioxy-9-keto- 
protopapaverine, and its derivatives 
(Buck, Perkin, and Stevens), 
1470. 

2:3:10:11 -Bismethylenedioxyoxyproto- 
berberine (Buck, Perkin, and 

Stevens), 1469. 

2:3:10:11 -Bisme thylene&ioxyprotober- 
berine, synthesis of, and its salts 
(Buck, Perkin, and Stevens), 1462. 

6:7:3' :4'~B ismethylenedioxyprot opapa- 
verine, synthesis of, and its picrate 
(Buck, Perkin, and Stevens), 1462. 

Bismethylenedioxytetrahydroproto- 
papaverines (Buck, Perkin, and 
Stevens), 1467. 

Bismuth bihydride (Weeks and Druce), 
1799. 

Bis-p-phenetyl bi tellur id e (Morgan and 
Drew), 2311. 

Bis-p-phenetylteUuribichloride (Mor¬ 
gan and Drew), 2312. 

Bistri- w-butylstibinebzehloroplatinum 
(Morgan and Yarsley), 189. 

Bistrimethylstibinebichloropalladinm 
(Morgan and Yarsley), 190. 

Bistrimethylstibinebzchloroplatinnm 
(Morgan and Yarsley), 188. 

Bis-7-valerolactone-cca-spiran. See 
Nonodilactone. 

Borneol, rotation of (Lowry and Cut¬ 
ter), 604. 

glueosides, hydrolysis of, with emul- 
sin (Mitchell), 208. 

Bornyl esters, rotation of (Kenyon and 
Priston), 1479. 

Boron, atomic weight of (Briscoe, 
Robinson, and Stephenson), 150; 
(Briscoe and Robinson), 696. 

Boric acid, equilibrium of chromium 
trioxide, water, and (Gilbert), 1541. 

Bromine, atomic weight of (Robinson 
and Briscoe), 138. 

catalysis of the action of, on aliphatic 
acids (Watson), 2067. 
action of, on azides (Spencer), 216. 
velocity of reaction of formic acid with 
(Hammick, Hutchison, andSNELL), 
2715. 

Bromoazoimide (Spencer), 216. 

Brucine (Lions, Perkin, and Robin¬ 
son), 1158. 

cyefoButane -1:2:2:3-t etr acarb oxylic 
acid, ethyl and methyl esters (Ing 
and Perkin), 2394. 

cycZoButane-1:2;3~tricarboxylic acid, 2- 
eyaao-, esters (Ing and Perkin), 
2396. 
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?i- Butyl nitrite, surface tension and 
density of (Sugden, Reed, and Wil¬ 
kins), 1536. 

■fsoButyl mercaptan, and its derivatives 
(Birch and Norris), 905. 

3-teoButylacetylacetone, and its copper 
salt (Morgan and Jones), 2618. 

3- sec. -Butylacetylacetone, and its tel¬ 
lurium salt (Morgan and Elyins), 
2622. 

4- teoButylcyctetelluripeiitaiie • 3:5- dione 
l:l-£?tehloride (Morgan and Jones), 
2619. 

4-jee.-Butylc^cZotelluripentane-3: 5* dione 
1:1-bichloride (Morgan and Elvins), 
2623. 

4-teoButyltf/ctetelluropentane-3:5-<lione 
(Morgan and Jones), 2619. 

4 -sec. -Butyl<^/cZotelluropentane-3:5 - 
dione (Morgan and Elvins), 2623. 

w-Butylvinylcarbinol, resolution and 
rotation of, and its salts and esters 
(Kenton and Sneixgrove), 1177. 

Butyric acid, o-bromonitro*, and a- 
chloronitro-, ethyl esters (Macbeth 
and Traill), 897. 


C. 

Cadinene, action of formic acid on 
(Robertson, Kerb, and Henderson), 
1946. 

Cadmium hydroxide, electrometric pre¬ 
cipitation of (Britton), 2148. 

Calcium carbonate, hydrates of (Hume), 
1036. 

Camphane series (Forster and Shukla), 
1855. 

a-Campholytic acid, structure of (Chan* 
drasena, Ingold, and Thorpe), 1677. 
Camphor, rotation of (Lowry and 
Cutter), 604. 

B- and 7r-sulphomc derivatives of, and 
their rotatory dispersion (Richards 
and Lowry), 1503. 

Camphor, halogen derivatives of (Bur¬ 
gess and Lowry), 271. 
rotation of (Cutter, Burgess, and 
Lowry), 1260. 

hydroxy-, of Manasse, constitution of 
(Forster and Shukla), 1855. 
Camphor-'H’-chlorosulphoxide, a-bromo- 
(Burgess and Lowry), 282. 
Camphorquinone, rotation of (Lowry 
and Cutter), 604. 

Camphorquinone, j9-bromo- (Burgess 
and Lowry), 277. 

Camphor-a-sulphonamide, a'£-cZibromo- 
(Burgess and Lowry), 277. 
Camphorsulphonic acidi (Burgess Ytnd 
Lowry), 279. 


Camphor-a-sulphonic acid, £-bromo-, 
and its salts and derivatives (Burgess 
and Lowry), 271. 

Carbamide, reaction of sodium hypo- 
bromite with (Donald), 2255. 

Carbanil, o-hydroxy-, absorption spectra 
of, and its ethers (Morton and 
Rogers), 2698. 

C ar b anilino-o -m e tho xy * a-b enz al do xime 
(Brady and McHugh), 2425. 

Carbanilino-3:4-methylenedioxy-a- and 
-iS-benzaldoximes (Brady and Mc¬ 
Hugh), 2424. 

j8-Carbethoxy-7-benzeneazo-A0-pent* 
enoic acid, ethyl ester (Macbeth and 
Traill), 1120, 

4- Carhethoxyhispiperidinium-l: 1'- 

spiran, salts of (Mills and Bains), 
2506. fc 

a-Carb ethoxy-a'-bromo - J3-phenylgln ta* 
conic acid, ethyl ester (Haerdi and 
Thorpe), 1245. 

Caxbethoxy-a-einnamaldoxime (Brady 
and McHugh), 2426. 

a- Carbethoxy-7-hy droxy-r-phenyl- AP- 
propenecarboxylic acid, amide and 
lactone of(R. M. and J. N. RAy), 2722. 

9-Carbethoxynonanilide (G. M. and R. 
Robinson), 177. 

5- 3-Carbethoxyphenylsemicarhazide, 
and its hydrochloride and benzylidene 
derivative (Wilson and Crawford), 
107. 

Carbocyanines, reduction of (Hamer), 

211 . 

Carbohydrates, oxidation of, by dyestuffs 
and by alkaline potassium ferricyanide 
(Kneoht and Hibbert), 2854. 

Carbon chains, alternating effect in 
(Ingold), 513; (C. K. and E. H. 
Ingold), 874; (Holmes and In¬ 
gold), 1800, 

tetrachloride, dielectric constant of 
(Harris), 1065. 

monoxide, decomposition of, in the 
corona discharge (Crespi ar.d 
Lunt), 2052. 

explosion of ammonia with oxygen 
and (Beeson and Partington), 
1146. 

dioiide, action of hydrogen with, on 
platinum (Prichard and Hin- 
shelwood), 806. 

action of hydrogen with, on the 
surface of tungsten (Hinshel- 
wood and Prichard), 1546. 

Carbostyril, absorption spectra of, and 
its ethers (Morton and Rogers), 
2698. 

j9-Carboxyanilinobenzylmalonic acids, 
ethyl esters (Wayne and Cohen), 
456, 
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c?Z-2'-Carboxybenzene-4-azodiphenyl-£7- 
dzanmuMi-butanes, stereoisomeric, 
and their salts (Morgan and Skin¬ 
ner), 1739. 

4-Carboxybispiperidinium-1 :l'-spiran, 
salts of (Mills and Bains), 2506. 

Carboxycamphoranilic acids, and their 
molecular rotation (M. and R. Singh), 
1966. 

2-Carboxy-4:5'dimethoxyphenylaceto- 
nitrile (Haworth and Pink), 
1370. 

o-Carboxydiphenylmethylarsine, and its 
oxide (Aeschlimann), 812. 

2-Carboxy&%c2o[4,l,0]heptane-l-acetic 
acid (Baker), 989. 

2-Carboxy-5-methoxyphenylthiolacetie 
acid, 4-bromo- (Griffith and Hope). 
994. 

2-Carbox_y-4:5-methylenedioxyphenyl- 
acetonitrile (Haworth and Pink), 
1370. 

10-Carboxyme thy 1-10-e thy Iphenox- 
arsoninm bromide (Aeschlimann), 
814. 

o -Carboxyphenylacetonitrile (Haworth 
and Pink), 1369. 

dI-, and d^p-Carboxyphenylmethyl- 
ethylarsine sulphides, and their salts 
(Mills and Raper), 2481. 

Carboxyphenylparaconic acid (Haerdi 
and Thorpe), 1246. 

4-Carboxy-1:2-phthalide (Perkin and 
Stone), 2291. 

/?-Caryophyllene, action of formic acid 
on (Robertson, Kerr, and Hender¬ 
son), 1945. 

Catalysis, relation of homogeneous re¬ 
actions to (Hinshelwood and Pri¬ 
chard), 1552. 

Catalysts, oxidising, poisoning of (Mod¬ 
ern and Ddfraisse), 1. 

Catalytic hydrogenation of unsaturated 
compounds (Lebedey, Kobliansky, 
and Yakdbohik), 417. 
reactions, relation of homogeneous 
reactions to (Hinshelwood and 
Bdrk), 2896. 

Catechol, 3:5-efo‘nitro-, colorimetric 
dissociation constants of (Laxton, 
Prideaux, and Radford), 2499. 

Cedrene, action of formic acid on 
(Robertson, Kerr, and Henderson), 
1946. 

Charcoal, adsorption of oxygen by 
(Rideal and Wright), 1347. 

Chemical constitution and eolottr (Moir), 
967, 2838. 

and the parachor (Sdgden, Reed, 
and Wilkins), 1525 ; (Sdgden 
and Whittaker), 1868; (Sdgden 
and Wilkins), 2517. 


Chemical constitution and pungency of 
acid amides (Jones and Pyman), 
2588. 

and rotatory power (Kenyon, 
Phillips, and Tdrley), 399 
(Hewitt and Kenyon), 1094 ; 
(Kenyon and Snellgroye), 
1169 ; (Phillips), 2552. 
and trypanocidal action (King and 
Mdrch), 2632; (Balaban and 
King), 2701. 

reactivity and conjugation (Heilbron, 
Kitchen, Parkes, and Sdtton), 
2167. 

Chenopodium oil (Henry and Paget), 
1649. 

Chlorination, new method of (Silber- 
rad), 2677. 

catalysis of, by selenium (O. and O. 
A. Silberrad), 2449. 

Chlorine, photochemical reaction of 
hydrogen with (Norrish), 2316. 
photochemical reaction of hydrogen 
and, in presence of oxygen (Nor- 
rish and Rideal), 787/ 
water, photochemical decomposition 
of (Allmand, Cdnliffe, and Mad- 
dison), 822. 

Chlorine dioxide, action of light on 
(Booth and Bowen), 510. 
heats of solution and of decomposi¬ 
tion of (Booth and Bowen), 342. 
Hydrochloric acid, electrical con¬ 
ductivity of, in water and in 
acetone-water mixtures (Brown- 
son and Cray), 2923. 
diffusion-potential and transport 
number of concentrated solutions 
of (Carter and Lea), 487. 
Hypochlorous acid, photochemical 
decomposition of aqueous solutions 
of (Allmand, Cdnliffe, and Mad- 
dison), 822. 

Chloroamines, hydrolysis of acyl deriva¬ 
tives of, in water (Soper), 98. 

Chloroform, dielectric constant of 
(Harris), 1066. 

Cholesterol, molecular weight of (Par¬ 
tington and Tweedy), 496. 

Chrome alum, periodic crystallisation of 
(Hedges and Myers), 2433. 

Chromium hydroxide, electrometric pre¬ 
cipitation of (Britton), 2120. 
dioxide, equilibrium of boric acid, 
water, and (Gilbert), 1541. 

Chromium bases (chroviiumammiiies), 
electrical conductivity of (King), 
2100 . 

Aquopentamminochromic salts (King), 

2102. 

Hydroxopentamminoohromic hydr 
oxide, salts of (King), 2102. 
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Chromones. See Benzopyrones. 

Chrysinidin salts (Pkatt and Robinson), 
1132. 

Cinnamaldehyde, action of, on Grignard 
reagents (Marshall), 2186. 

Cinnamaldehydediphenylene*4:4 / -di- 
hydrazone (Chattaway, Ireland, 
and Walker), 1853. 

Cinnamic acids, methyl esters, and 
bromo-, surface tensions of (Sugden 
and Whittaker), 1871. 

7-Cinnamoyloxyl-2-styrylisoflavone 
(Baker and Robinson), 1985. 

Cinnamylidenecamphor, absorption 
spectra of (Ptjryis), 12. 

Citraconic acid, dimethyl ester, surface 
tension of (Sitgden and Whittaker), 
1873. 

Claisenreaction (Morgan and Holmes), 
2891. 

Coal, constitution of (Legg and 
Wheeler), 1412; (Tideswell and 
Wheeler), 110, 125; (Francis and 
Wheeler), 112, 2236. 

Cobalt hydroxide, electrometric precipi¬ 
tation of (Britton), 2110, 
decomposition of hydrogen peroxide 
by (Tryhorn and Jessop), 
1320. 

Cobalt bases (cobalta-mnines), electrical 
conductivity of (King), 2105. 
Aquopentamminocobaltic salts (King), 
2102. 

Cobalt organic compounds (Morgan and 
Smith), 2034. 

Colloids, swelling and dispersion of, in 
ether-alcohol mixtures (Marbles), 
2940. 

Colloidal solutions, coagulation of, by 
hydrogen ions (Weir), 2245. 

Colour and molecular geometry (Moir), 
967, 2338. 

Colouring matter, C 17 H 10 O 8 NBrS, from 
isatin and 4-bromo-2-carboxy-5- 
methoxyphenylthiolacetie acid 
(Griffith and Hope), 995. 
C 25 H 25 N 2 lj from £-naphthaquinaldine 
ethiodide and ^-dimethylamino- 
benzaldehyde (Mills and Rater), 
2472. 

Colouring matters, oxidation of carbo¬ 
hydrates by (Knecht and Hib- 
Bert}, 2854. 

See also Myricetin. 

Combustion of mixtures of gases with 
air (White), 48. 

spzroCompotmdB, formation and stability 
of (Baker), 1678. 

Co-ordination and residual affinity 
(Morgan and Yabsley), 184; 
(Morgan, Carter, and Harrison), 
1917; (Morgan and Smith), 2030. 


Copper, oxide films on (Evans), 2484. 
effect of colloids on the displacement 
of, in its salts by zinc (Gray), 776. 
electrometric and phase rule study 
of basic salts of (Britton), 2796. 
Cupric carbonate, basic, formation of 
malachite from (Hepburn), 1007. 
hydroxide, electrometric precipit¬ 
ation of (Britton), 2148. 
sulphate, equilibrium of aluminium 
sulphate, water, and (Caven and 
Mitchell), 527 ; (Occleshaw), 
2598. 

Cuprous bromide and iodide (Briggs), 
496. 

chloride, oxidation potential of, and 
cupric chloride (Carter and Lea), 
499. 

Corrosion, effect of differential aeration 
on (McAulay and Bowden), 2605. 
Coumarincarboxylic acid, p-toluidide of 
(Wayne and Cohen), 457. 
o-Cresol, nitro-derivatives, and their 
salts and derivatives (Gibson), 42. 
m-Cresol, 2-amino-, 2-bromo-, and 2- 
nitro- (Hodgson and Beard), 498. 
Cryoscopy in mixed solvents (Wright), 
2334. 

with benzene (Jones and Bury) 
1947. 

with nitrobenzene (Brown), 345. 
Crystallisation, periodic (Hedges and 
Myers), 2432. 

Cupric and Cuprous salts. See under 
Copper. 

Cyanidin chloride, and its 3:3':4'-tri- 
methyl ether (Pratt and Robin¬ 
son), 1189. 

synthesis of, and its pentamethyl 
ether (Pratt and Robinson), 166. 
Cyanine colouring matters (Mills and 
Raper), 2466. 
colours of (Moir), 2338. 

Cyclic compounds, formation of, from 
halogenated open-chain derivatives 
(Ingold), 387 ; (Baerdi and Thorpe), 
1287. 

D. 

Datisca cannabina , constituents of 
(Kalff and Robinson), 1968. 
Datiscetin, synthesis of, and its deriv¬ 
atives (Kalff and Robinson), 1968. 
Datiscetinidin chloride, and its 3:2'- 
dimethyl ether (Pratt and Robin¬ 
son), 1185. 

Decahydronaphthalene, isomerism of 
(Wightman), 1421. 
2-tt-Decyl0yrioteUuripentaiie- 3;5-dioiie 
1:1-dichloride ( Morgan and Taylor), 
••■..26210. ■ 
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2-tt-Deeylcyc > Z0telliiropentane-3:5-dione 
(Morgan and Taylor), 2620. 

Dehydroeseretholemethine, methylation 
of (Stedman and Barger), 253. 

Delphinidin cliloride, and its 
3:3': d'^'-tetramethyl ether 
(Pratt and Robinson), 1189. 
synthesis of, and its hexamethyl 
ether (Pratt and Robinson), 
166. 

Demethylechitamine, and its hydro¬ 
chloride (Goodson and Henry), 
1646. 

7-Demethylo-if - corydaline, and its 

methiodide (Haworth and Perkin), 
1459. 

7-Demethylomethylpapaverine (Ha¬ 
worth and Perkin), 1458. 

7-Demefchylomethylpapaverinol (Ha¬ 
worth and Perkin), 1457. 

7-Demethylomethyltetrahydropapaver- 
ine, and its derivatives (Haworth 
and Perkin), 1459. 

Dextrin, nature and genesis of (Ling 
and Nanji), 636. 

Dextrine, synthetic, constitution of 
(Irvine and Oldham), 2903. 

Dextrose (glucose), dissociation constant 
of (Britton), 1902. 

Diacetalmalonic acid, and its barium 
salt, and ethyl ester (Perkin and 
Pink), 191. 

Diacetylbenzylamine (Holmes and 
Ingold), 1820. 

Diacetyltartaric acid, and its anhydride, 
rotatory power of (Austin and Park), 
1926. 

DiaeylanSlides, conversion of, into 
aeylamino-ketonea (Chapman), 2818. 

2:4-Dialdehydobenzoic acid, and its 
derivatives (Perkin and Stone), 
2290. 

ay-Dialdehydopropane-iS-carboxylic 
acid, and its dLp-nitrophenylhydr- 
azone (Perkin and Pink), 191. 

a7-Dialdehydopropane-0£-dicarboxylic 
acid, and its derivatives (Perkin and 
Pink), 191. 

Diamminoethylenedmininobisacetone- 
cobaltic salts (Morgan and Smith), 
2034. 

Dianthraquinone, dihydroxy-, and its 
derivatives (Perkin and You a), 
1886. 

Dianthranyl oxide and di- and tetra- 
sulphides (Cooke, Heilrron, and 
WaIiKEE), 2250, 2253. 

isoDiazomethanes, substituted (Chat- 
taway and Walker), 2407. 

Diazonium salts, heterocyclic, velocity 
of decomposition of (Reilly and 
Madden), 2936. 


rts-Dibenzylacetone (Mills and Akers), 
2477. 

3:3-Dibenzylacetylacetone (Morgan 
and Taylor), 801. 

Dibenzylamines, dinitro-, and tlieir 
salts (Holmes and Ingold), 1815. 

Dibenzylmethylamines, and dinitro-, 
and their salts (Holmes and Ingold), 
1816. 

Dihenzylmethylcarbinol (Trotman), 
92. 

jS^'-Dibenzyloxydiethylmalonic acid, 
and its salts (Bennett), 1280. 

Dibenzylquinal&ine, and its alkyliodides 
(Mills and Akers), 2475. 
ethiodide (Mills and Raper), 2473. 

4:4-Dibenzylq/cfoteUuripentaite-3:5-di- 
one 1:1 -dichloride (Morgan and 
Taylor), 802. 

4:4-Dibenzylcycfotelluropentane-8:5-di- 
one (Morgan and Taylor), 803. 

Diz'sobutyrylmethane, and its copper 
salt (Morgan and Taylor), 803. 

y8-Dicarbethoxy-7-hydroxy-8£-di- 
methylbutane-a-carboxylic acid, 

lactone (Rothstein, Stevenson, and 
Thorpe), 1080. 

-Dicarbethoxy-S-hydroxy-Ty-di- 
methylpentane -8 * carboxylic acid, 

7-lactone of (Rothstein, Stevenson, 
and Thorpe), 1078. 

4:4-Dicarboxy-3:3'-dimethyldibenzyl 
ether (Perkin and Stone), 2286. 

dZ-Dicentrine, synthesis of, and its 
salts (Haworth, Perkin, and 
Rankin), 2018. 

Di-jD-dimethylaminobenzhydryl ketone 
(Singh), 2447. 

Dielectric constants of liquids (Sayce 
and Briscoe), 315; (Harris), 1049. 

2:3-Diethoxybenzaldehydc, 5- and 
6-nifcro-, and the -p-nitrophenyl- 
hydrazone of the latter (Ruben stein), 
2269. 

2*.S-Diethoxybenzylidene-j3-toluidine, 
5-nitro- (Rubenstexn), 2269. 

££-Diethoxypropionic acid, ethyl ester 
(Ingold), 1203. 

Diethyl selenide, jSjS'-dibromo-, and 
jSjS'-diehloro-, and their halogen 
derivatives (Bell and Gibson), 
1877. 

sulphate, surface tension and density 
of (Sugden, Reed, and Wilkins), 
1539. 

jSjS-Biethylaerylic acid, and its deriv¬ 
atives (Ron and Linstead), 622. 

Diethylamine-5:5'-dimethyldiphenyl 
disulphide, 2:2'-diacetyl derivative 
(Clark), 974. 

Diethylaminodiphenyl disulphide, „■ 
2:2'-diacetyl derivative (Clark), 974. 



3016 


.INDEX OF SUBJECTS. 


Iri'-Diethylcarbocyanine iodide, re¬ 
duction of (Hamer), 214. 

Diethyldihydroresorcinol (Kon andLiN- 
stead), 819, 

3:3-Diethylpentane (Morgan, Carter, 
and Duck), 1252. 

10:10-Diethylphenoxarsonium iodide 
(Aeschlimann), 814. 

Diheptaeyclene ^sulphide, wi$-dibromo- 
(Cooke, Heilbron, and Walker), 
2254. 

9:lG-Dihydroanthracene 3 bromonifcro- 
and ehloronitro-derivatives of (Bar¬ 
nett), 2042. 

3:4-Dihydrocoumarin, 5- and 7-h> droxy-, 
and tlie acetyl derivative (Chapman 
and Stephen), 890. 

Dihydro-7-demethyl0-tJ/-dehy drocory- 
dalinium salts (Haworth and Per¬ 
kin), 1460. 

Dihydroeser ethole, preparation of (Sted- 
man and Barger), 253. 

l:2-Dihydroquinaldine, synthesis of 
(Mason), 1032. 

Dihydroreaorcinols, dicyclic, formation 
and decomposition of (Farmer and 
Boss), 2358. 

0-Diketones, enolic structure of (Sidg- 
wick), 907. 

3:5-Diketo-4:4:6:6-tetraphenylhexa- 
hydropyridazine-l:2-dicarboxylic acid, 
ethyl ester (Ingold and Weaver), 
382. 

2:5-Dimethoxyacetanilide. 4-bromo-, and 
4-nitro- (Rubenstein), 2003. 

ay-Dimethoxyacetoacetic acid, ethyl and 
methyl esters (Pratt and Robinson), 
168. 

w:2- and a>:3-Dimethoxyacetoplienones, 
and their semicarbazones (Pratt and 
Bobinson), 1184. 

2:5-Dimethoxy aniline, 4 -bromo 4 -nitro-, 
and their salts (Bubenstein), 2003. 

0-3:4-Dimethoxyanilinopropenyl methyl 
ketone, and 6-bromo-, and its hydro¬ 
chloride (Lions, Perkin, and Robin¬ 
son), 1164. 

0-Dimethoxyanilinopropeny3 methyl 
ketones (Lions, Perkin, and Robin¬ 
son), 1162. 

2i3-Dimethoxybenzaldehyde dimethyl- 
acetal (Haworth and Perkin), 1437. 

2;fhBlme&0xybenzaldehyde, bromo- and 
nitron, and their jp-nitrophenylhydr- 
azones (Rubenstein), 2000. 

2:5-Dimethoxybenzoic acids, amino-, 
bromo-, and nitro-(B ubenstein),2001. 

6:7-Dimethoxy -2-benzoyl-1:2-dihy dro- 
isoquinoline, 1-eyaho- (Haworth and 
Perkin), 1442. 

2: 3-Dime thoxybenzyl bromide (Ha¬ 
worth and Perkin), 1437. 


3:4-Dimethoxybenzyl bromide (Ha¬ 
worth, Perkin, and Rankin), 1445. 

3' :4' -Dimethoxy-2-beuzy lidene-1 -hy dr- . 
indone, 2'- and 6'-nitro- (Lions,’ 
Perkin, and Robinson), 1168. 

4:4'-Dimethoxy-a-benzyliaandelic acid 
(Malkin and Robinson), 377. ’ 

6:6'-Dimethoxy-2:2'-bisoxythionaphthen, 
5&-di\>?omQ- (Griffith and Hope), 
990. 

3:4-Dimethoxycinnamic anhydride 
(Robinson and Shinoda), 1979. 

Dimethoxydianthraquinone (Perkin 
and Yoda), 1887. 

jSjS'-Dimethoxydiethylmalonic acid, 
ethyl ester (Bennett), 1279. 

5:7-Dimethoxy-4'-dimethyIamiiio-2- 
pheny 1-4- s tyry Ibenz opyrylium salts 
(Walker and Heilbron), 689. 

Dimethoxy-2:4-dimethylq.uinolines, and 
tlieir salts (Lions, Perkin, and 
Robinson), 1162. 

5:6-Dimethoxy-2:4- dime thy lquinoline, 
8-bromo-, and its hydrochloride 
(Lions, Perkin, and Robinson), 
1164. 

Dimethoxy-2:4-dimethyl*l:2:3:4-tetra- 
hydroquinolines, and their salts and 
derivatives (Lions, Perkin, and 
Robinson), 1162. 

4' :4"-Dimethoxy-2:4-distyrylbenzo- 
pyrylium chloride, 7-hydroxy- (Heil¬ 
bron, Walker, and Buck), 694. 

3:3'-Dimethoxyflavylium chloride, 5:7- 
dihydroxy- (Pratt and Bobinson), 
1186. 

4:5-Dimethoxyhomophthalamic acid 
(Haworth and Pink), 1370. 

4:5-Dimethoxyhomophthalimide (Ha¬ 
worth and Pink), 1370, 

3:4'-Dimethoxy-5;7-^diydroxyflavone > 
and its tetraacetyl derivative (Robin¬ 
son and Shinoda), 1980. 

5:7-Dimethoxy-2'- and -4'-hy droxy • 2- 
ph eny 1-4-styrylbenz opyrylium chlor¬ 
ide ( Walker and Hbilbron), 688. 

3:4' - D ime tho xy - 5:7-dihy dr oxy-2 - styr y 1- 
chromone (Robinson and Shinoda), 
1978. 

Dimethoxyindenoquinoline, and its 
hydrochloride (Lions, Perkin, and 
Bobinson), 1169. 

2:3-Dimethoxyindophenazine, and its 
salts (Armit and Robinson), 1615. 
2:3-Dimethoxy-6-methylindophenazine 
methohydroxide (Armit and Bobin¬ 
son), 1616. 

2*.3-Dimethoxy-5(or 11) -methylisoindo- 
phenazine, and its salts (Armit and 
Bobinson), 1616. 

Dimethoxynaphthadianthrone (Perkin 
and Yoda), 1888. 
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2; 4-Dimethoxyphenyl 2-hydrory-4;6- 
dimethoxyatyryl ketone (Pratt and 
Robinson), 1134. 

5:7-Dimethoxy-2-phenyl-4*methylbenzo- 
pyrylium salts (Walker and Heil¬ 
bron), 688. 

1:3-Dimethoxyphenyl-4- telluritfrichlor- 
- ide (Morgan and Drew), 2312. 

4:5-Dimethoxyphthalide, 6-amino-, 6- 
bromo-, and 6-nitro- (RAy and Robin¬ 
son), 1621. 

6: 7-Dimethoxywoquinoline methiodide 
(Forsyth. Kelly, and Pyman), 1666. 

6:7-Dimethoxy iscquinoline • 1 -carboxyl- 
amide (Haworth and Perkin), 1442. 

Dimethoxystilbenes, dmitro-, irinitro-, 
and nitroamino- (Gulland and Robin¬ 
son), 1502. 

3':4'-Dimethoxy-2-styryl-3-methyl-4- 
qxrinazolone (Heilbron, Kitchen, 
Parkes, and Sutton), 2171. 

Dimethoxysuccinic acid, and its esters, 
rotation of (Patterson and Fulton), 
2436. 

6:7-Dimethoxy-1:2:3:4-tetrahydro iso- 
quinoline, and its hydrochloride 
(Forsyth, Kelly, and Pyman), 1666. 

Dimethyl ether, 5-tftchloro-, condensa¬ 
tion of phenylethylamine with 
(Short), 269. 

sulphate, surface tension and density 
of (Sugden, Reel, and Wilkins), 
1539. 

2:4-Dimethylacetophenone (Perkin and 
Stone), 2283. 

p-Dimethylamino-a-benzaldoxime, 
benzoyl derivative (Brady and 
McHugh), 2421. 

^-Dimethylaminobenzilic acid, and its 
ethyl ester (Singh), 2446. 

benzoi/ acid (WStne an<? Cohen), 
460. 

p-Dimethylaminobenzylidenemalonic 
acid, ethyl ester (Wayne and Cohen), 
459. 

i?-Dimethylaminobenzylidene-£-naph- 
thylamine (Wayne and Cohen), 460. 

^-Dimethylaminobenzylidenequinaldine 
ethiodide, reduction of (Hamer), 214. 

7-^-Dimethylaminocinnamoyl-£-o-hydr- 
oxyphenylpropane-aa'-dicarboxylic 
acid (Heilbron, Forster, and Whit¬ 
worth), 2166. 

Dimethylaminodiphenyl disulphide, 
2:2 / -diacetyl and -dibenzoylderivatives 
of ( Clark h 974. 

jp-Dimethylaminodiphenylacetic acid 
(Singh), 2445. 

3-^-Dimethylamino-d-o-hydroxystyryl- 
A 5 -cycfohexen-l-one (Heilbron, For¬ 
ster, and Whitworth), 2164. 


3-p-Dimethylamino-5-o-methoxystyryl- 
A 5 -ct/c7ohexen-l-one-2-carboxylie acid, 
etbyl ester (Heilbron, Forster, and 
Whitworth), 2164. 

3-p-Dimethylaminophenyl-5-i?-dimethyl- 
aminostyryl-A s -cycio3iexen-l-one-2- < 
carboxylic acid, ethyl ester, and its 
phenylhydrazone (Heilbron, For¬ 
ster, and Whitworth), 2165. 

3-p-Dimethylaminophenyl-5-o-hydroxy- 
styryl-A 5 -c2/cZ0hexen-l-one-2-carb- 
oxylic acid, and its etbyl ester 
(Heilbron, Forster, and Whit¬ 
worth), 2163. 

3-^-Dimethylaminophenyl-5-(methoxy- 
2 , -hydroxy)styryl-A 5 -cycZohexen-l- 
one-2-carboxylic acids, ethyl esters 
(Heilbron, Forster, and Whit¬ 
worth), 2165. 

3-p-Dimethylaminophenyl-5-methyl- 
c2/cfohexan-5-ol-l-one-2-carboxylic 
acid, ethyl ester, and its phenylhydr¬ 
azone (Heilbron, Forster, and 
Whitworth), 2165. 

3-^-Dimethylaminophenyl-5-methyl- 
A s -cycZohexen-1 -one-2-carboxylic 
acid, ethyl ester (Heilbron, Forster, 
and Whitworth), 2165. 

4 / -Dimethylamino -2-phenyl-4-atyryl- 
benzopyrylium salts, 5:7-dihydroxy 
(Walker and Heilbron), 687. 

4'-Bimethylamino-2-styryl-4-methyl- 
benzopyrylium chloride, 7-hyaroxy- 
(Heilbron, Walker, and Buck), 693, 

4'-DimethylaminO'2-6tyryl-3-methyl-4- 
quinazolone (Heilbron, Kitchen, 
Parkes, and Sutton), 2171. 

p-Dimethylaminotetiaphenylethylene- 
glycol (Singh), 2446. 

SiS'-Dimethylazobenzene, 2-hydroxy- 
(Cumming and Ferrier), 2377. 

2:4-Dimethylbenzoic acid, and bromo-, 
chloio-, and hydroxy-derivatives, 
and their derivatives (Perkin and 
Stone), 2283. 

2.*4-Dimethylbenzoyl chloride, action of 
halogens on (Perkin and Stone), 
2275. 

1: l'-Dimethylcarbocyanine iodide, re¬ 
duction of (Hamer), 213. 

aa'-Dimethyl-a-carboxyglutaric acid, 
ethyl ester, stability of (Ingold), 474. 

tfs-Dimethylcarboxyzuccinic acid, and 
its ethyl ester (Ingold), 473. 

2:6 -Dimethylcinehomeronimide (Gul¬ 
land and Robinson), 1494. 

as-Dimethylcyanosuccinic acid, ethyl 
ester, preparation and stability of 
(Ingold), 472. 

l:8-Dimethyldibenzocopyrine, 10:15- 
dtamino-, and its hydrochloride (Gul¬ 
land and Bobinson), 1500. 
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6:€'-Bimethyl-l: l'-die thy lcarbccy anine 
iodide, reduction of (Hamer), 214. 

Bimethyldihydroeserethole dipicrate 
(Stedman and Barger), 253. 

Bimethyl-2:2'-diquinolyls, and their 
salts (Cqnolly), 2083. 

Dimethylene * 1:3-oxaimine s, synthesis 
and division of (Ingold), 1141. 

gfi-Dimethyl-a-ethylacrylic acid (Eon, 
Smith, and Thorpe), 572. 

£j3-Dimethyl-a-ethylglutaric acid, 
derivatives of {Eon, Smith, and 
Thorpe), 567. 

a/S-Dimethyl glycerol, and its derivatives 
(Gilchrist and Pubves), 2743. 

1:4-Dime thy]gly oxaline, 5-nitro-, hydro¬ 
chloride (Bhagwat and Pyman), 
1836. 

4:5*Dimethylglyoxa3ine, 2-amino-, and 
its salts and derivatives (Burtles and 
Pyman), 2012. 

Bimethylglyoxalines, 4- and 5-nitro-, 
and their salts (Bhagwat and 
Pyman), 1832. 

2-thiol- (Burtles, Pyman, and 
Roylance), 586. 

Dimethylmethylglucoside (Irvine and 
Oldham), 2920. 

2:6-Dimethylzsonicotinic acid, 3-amino*, 
and its salts (Gulland and Robin¬ 
son), 1494, 

777-Bimethyloctan-€-ol (Jones and 
Smith), 2535. 

777-Bimethyloctan-e-one, and its deriv¬ 
atives (Jones and Smith), 2535. 

7^-Bimethyl-Aa-octen-t-ol (Jones and 
Smith), 2535. 

7 u-Bimethyl-A<*-octen-€-one, and its 
derivatives (Jones and Smith), 
2534. 

2:6-BimethylcycMeUuropentane-3:5- 
dionedioxime (Morgan and Taylor), 
799. 

Dimethylcfo'thiolethylene, and its me¬ 
tallic halides (Morgan, Carter, and 
Harrison), 1921. 

Diootadecylacetic acid (Adam and 
Dyer), 71, 

Bioctadecylmalonic acid, and its ethyl 
ester (Adam and Dyer), 71. 

Bipentene dihydrohalides, action of 
metals on (Roberts), 2451. 

Biphenacylcyanoacetic acid, ethyl ester 
(R. M. and J. N. RAy), 2722. 

yy'-Biphenoxy dipropyl sulphide (Ben¬ 
nett and Hock), 2675. 

Biphenyl ether, o-amino-, and its benzoyl 
derivative (Turner and Sheppard), 
545. 

ethers, amino-, ehloroamino-, and 
; chloronitro-, and their derivatives 
(Roberts and Turner), 2007. 


Biphenyl bisulphide, 4;4'-dmmino-, 
and its hydrochloride (Hodgson and 
Wilson), 443. 

Biphenyl-j8y-diainino-»-butanes, stereo- 
isomeric (Morgan and Skinner), 
1734. 

2:3-Diphenylbenzo-y-pyrone, 7:8-dihy dr- 
oxy-, and its diacetyl derivative 
(Baker), 2357. 

^-aa-Biphenyl-j3-benzylethyl alcohol, 
£-amino- (McKenzie and Wills), 293. 

Diphenylcarbamyl-o-methoxy-jS-benz- 

aldoxime (Brady and McHugh), 
2426. 

Biphenylchloroarsine, <&-jp-cliloro- 
(Hunt and Turner), 2671. 

1:8-Biphenyh'sodiazomethane, bromo- 

nitro- and ehloronitro-derivatives 
(Chattaway and Walker), 2410. 

a5-Biphenyl -67 -dibenzyl-£7-dimethyl- 
bntane (Trotman), 92. 

Biphenyldimethylarsonium iodide, jj- 
bromo- (Hunt and Turner), 2670. 

Di{£-phenylethyIamino)me thane, and its 
diacetyl derivative (Short), 271. 

a-Biphenylglyoxime, absorption spectra 
of (Purvis), 10. 

6:6-Biphenylhexahydro-l:2:3:4-tetr- 
azine-l:2:3:4-tetracarboxylic acid, 
ethyl ester (Ingold and Weaver), 
386. 

5:6- (2:3-Diphenylindole)(6:7)- quinoline, 
and its salts (Armit and Robinson), 
1614. 

Biphenylmethylarsine, ^-bromo- (Hunt 
and Turner), 2670. 

ay-Diphenyl-jS-methylpropane (Trot¬ 
man), 93. 

ay-Biphenyl-y-methyl-Aa-propene 
(Trotman), 92. 

a£ - Biphenyl -a (a-naphthyl) -propan-j8 - ol 
(McKenzie and Tattersall), 2527. 

a5-Diphenyl-a-propanol. See Phenyl-j8- 
phenylethylcarbinol. 

aa-Diphenyi-ft-propyl alcohol, famine- 
(McKenzie and Wills), 288. 

Biphenylyl-o-arsinic acid (Aeschli- 
mann, Lees, McCleland, and Nick- 
. lin), 68. 

oo'-Diphenylylenearsenious chloride, 
cyanide, iodide, and oxide (Aeschli- 
mann, Lees, McCleland, and Nick- 
lin), 68. 

oo'-Dipheaylylenearsinic acid (Aeschli- 
mann, Lees, McCleland, and 
Nicklin), 68. 

Biphenylylenedimethylarsoniuan iodide 
(Aeschlimann, Lees, McCleland, 
and Hicklin), 69. 

Biphenylylenemethylarsine (Aeschli¬ 
mann, Lees, McCleland, and Niok- 
lin), 69. 
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7 y'-Dipiperidinodipropyl sulpliide (Ben¬ 
nett and Hock), 2676. 

Dipropyl sulphide, 77 -^'chloro-, and 
77 / -dzhydxoxy-, and their derivatives 
(Bennett and Hock), 2671. 

Dipropylmethylsulphoniam mercuri - 

iodide, dzchloro- (Bennett and 
Hock), 2676. 

Dipropylsulphone, 77 '-cZZchloro- (Ben¬ 
nett and Hock), 2675. 

2:2'-Diqninolyl, homologues of (Co- 
nolly), 2083. 

Dispersion, rotatory, of optically active 
compounds (Patterson and 
Fulton), 2435. 

of organic compounds (Richards 
and Lowry), 238, 1503; (Lowry 
and Cutter), 604 ; (Cutter, 
Burgess, and Lowry), 1260. 

Dissociation constants of dibasic acids, 
influence of valency direction on 
(Spiers and Thorpe), 538. 

Distillation apparatus (Myers and 
Jones), 4. 

2:4-Distyrylbenzopyrylium chloride, 
4':4 /, :7-trzhydvoxy- (Heilbron, 
Walker, and Buck), 694. 

Distyrylchloroarsine, aa'-cZzchloro- 
(Hunt and Turner), 998. 

Distyryl ketoneB, o- hydroxy-, action of 
ethyl aeetoaeetate with (Heilbron, 
Forster, and Whitworth), 2159. 

meso- and dZ~Di-4'-sulphobenzenedis-4- 
azodiphenyl-^7-d2amino-72 -butanes, 
and their salts (Morgan and Skinner), 
1735. 

Disnlphoxides, constitution of (Miller 
and Smiles), 224. 

syntheses of (Gibson, Miller, and 
Smiles), 1821. 

Ditellurodiacetic acid (Morgan and 
Drew), 535. 

Ditelluromethane (Morgan and Drew), 
537. 

Diterpene, synthesis of a (Roberts), 
2451. 

77'*Di-jp-tolyloxydipropyl sulphide 
(Bennett and Hock), 2675. 

Di(trimethyl glncosaa) (Irvine and 
Oldham), 2919. 

Divanillylamine and its hydrochloride 
(Jones and Pyman), 2596. 

w-Duodeeoylacetone. See Lauroylace- 
tone. 

Dyads, tautomerism of (Ingold), 1199 ; 

(Griffiths and Ingold), 1698. 

E. 

Earths, rare, electrometric precipitation 
of the hydroxides of (Britton), 
2142. 

CXXV1I. 


Ecgonine, acyl derivatives, and their 
aromatic esters (Gray), 1150. 

Echitamine, and its salts and derivatives 
(Goodson and Henry), 1640. 

$i-Eicosanoylacetone, and its copper salt 
(Morgan and Holmes), 2896. 

Eicosylamine hydrochloride (Adam and 
Dyer), 72. 

Eieosylcarbamide (Adam and Dyer), 
73. 

Electric discharge, corona, decomposi¬ 
tion of carbon monoxide in (Crespi 
and Lunt), 2052. 

Electrochemical reactions, periodic 
(Hedges and Myers), 1013. 

Electrodes, hydrogen, titration of 
dibasic acids and dextrose with 
(Britton), 1896. 

oxygen, titration of dibasic acids and 
dextrose with (Britton), 1911. 

Electro-endosmosis, studies in (Fair- 
brother and Mastin), 322. 

Electrolytes, action of silica on (Joseph 
and Oakley), 2813. 

Electrolytic polarisation (Glasstone), 
1824. 

Electrosynthesis, mechanism of (Gibson), 
475. 

Emulsifiers, effect of, on the acid hydro¬ 
lysis of esters (Smith), 2602. 

Emulsin, hydrolysis ofborneolglucosides 
with (Mitchell), 208. 

Endosmosis. See Electro-endosmosis. 

Enzymes:— 

Emulsin. 

Eserethole, oxidation of, and Zrznitro- 
(Stedman and Barger), 256. 

Eseretholemethine picrate {Stedman 
and Barger), 253. 

Eserine ( physostigmine ) (Stedman and 
Barger), 247. 

Esoline ethyl ether dimethiodide, de¬ 
gradation of (Stedman and Barger), 
257. 

Esters, effect of emulsifiers on the acid 
hydrolysis of (Smith), 2602. 
additive compounds of acids aucl 
(Kendall and Booge), 1768 ; 
(Kendall and King), 1778. 

Ethane-h 2 II 1:4 -l-methylc#c70hexa-3;5- 
dione-2-carboxylie acid, ethyl ester 
(Farmer and Ross), 2366. 

Etheserolene picrate (Stedman and 
Barger), 256. 

Ethoxyacetic acid, Z-menthyl ester (Rule 
and Smith), 2191. 

^-^-Ethoxyanilinobntaldehyde diethyl- 
acetal (Mason), 1084, 

4-Ethoxybenzoic acid, S-nitro- (King 
and Murch), 2645. 

5'Ethoxy-l:3-dimethyl-3-ethyl-2-indol- 
iae (Stedman and Barger), 251,255. 

51 
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a-Ethoxy-a-ethylbutyramide (New- 
bery), 307. 

6-Eth oxy-4-keto- 1:2:3:4-tetrahydro- 
quinoline, and 3-ehloro-, toluenesul- 
phonyl derivatives (Clemo and 
Perkin), 2306. 

Ethoxylutidine, amino-, and nitro-, and 
their derivatives (Collie and Bishop), 

8-Ethoxy-2-phenylbenzopyrylium ferri- 
chloride, 3-chloro- (Ridgway and 
Robinson), 767. 

2- Ethoxy-3-phenylcwbopropane-l:2 - 
dicarboxylic acid, and its esters 
(Haerdi and Thorpe), 1242. 

Ethyl alcohol, partial pressures of 
aqueous solutions of (Dobson), 
2866. 

swelling and dispersion of colloids in 
mixtures of ether and (Mardles), 
2940. 

catalysis by alumina of the reaction 
between ammonia and (Dorrell), 
2399. 

Ethyl carbonate, surface tension and 
density of (Sugden, Reed, and 
Wilkins), 1536.. 

Ethyl ether, swelling and dispersion of 
colloids in mixtures of alcohol and 
(Mardles), 2940. 

oxidation of, to oxalic acid, in presence 
of uranyl nitrate (Rowell and 
Russell), 2900. 

a-Ethylbutyrylcarbamide, a-bromo-, 
action of alkalis on (Newbery), 
295. 

0-bromo- (Kewbery), 305. 

a-Ethylbutyrylcarbamides, a#*b£bromo - 
(Kewbery), 305* 

4- Ethylcarbonatobenzoic acid, and 
3-nitro- (King and Murch), 2649. 

3- Ethylcarbonatopropionic acid, ethyl 
ester and nitrile, and reactions of the 
latter (Chapman and Stephen), S8S. 

a-Ethylcrotonamides (Newbeiiy), 301. 

a-Ethylcrotonylcarbamides (Kewbery), 
300. 

Ethylene bichloride, dielectric constant 
of (Harris), 1066. 

Ethylenes, addition of azo-compounds 
to (Ingold and Weaver), 378. 

Ethylenebiaminobisacetylacetone, <li- 
aquocobalt salt (Morgan and Smith), 
2034./ 

Ethyienic compounds, aliphatic, catalytic 
hydrogenation of (Lebedev, Kobli- 
ansky, and Yakubohik), 417. 

5- Ethylhexenones, isomeric, and their 
semicarbazone (Kon and Linstead), 
818. 

£~Ethyl-A£-pentenoic acid, and its 
derivatives (Kon and Linstead), 621. 


a-Ethyl-AUc^cZopentenylacetone, and its 
semicarbazone (Kon and Linstead), 
821. 

10-Ethylphenoxarsine, and its oxide 
(Aeschlimann), 813. 

2-Ethylthiol-l:4-dimethylglyoxaline, 
salts of (Burtles, Pyman, and Roy- 
lance), 588. 

2-Ethyltliiol-l-phenylglyoxaline picrate 
(Burtles, Pyman, and Roylance), 
590. 

Ethylvinylearbinol, resolution and rota¬ 
tion of, and its esters (Kenyon and 
Snellgrove), 1175. 


F. 

a- and 0-Fenchyl alcohols, and their 
esters, and their rotatory - power 
(Kenyon and Priston), 1472. 

Ferric and Ferrous salts. See under 
Iron. 

Films, chemistry of (Hardy)* 1207. 
Fisetinidin chloride (Pratt and Robin¬ 
son), 1136. 

trimethyl ether (Pratt and Robin¬ 
son), 170. 

Flame, movement of, in closed vessels 
(Ellis and Wheeler), 764. 
propagation of, in mixtures of gases 
with air (White), 48, 672. 
analysis of (Ellis and Robinson), 
760. 

woFlavone group, syntheses in (Baker 
and Robinson), 1981. 

Flavylium chloride, 3:5:7:3'-teZrahydr- 
oxy- (Pratt and Robinson), 1186. 
Fluorine*.— 

Hydrofluoric acid, freezing points of 
(Anthony and Hudleston), 1122. 
Formaldehyde, vapour pressure of, in 
aqueous solutions (Blair and Led¬ 
bury), 26. 

partial vapour pressure of, in its 
aqueous solutions (Ledbury and 
Blair), 2832. 

For mazy lbenzene, bibromo- (Chatta- 
way and Walker), 982. 

Formic acid, velocity of reaction of 
bromine with (Hammick, Hutchd- 
son, and Snell), 2715. 
action of, on sesquiterpenes (Robert¬ 
son, Kerr, and Henderson), 1944. 
caryophyllene ester (Robertson, 
Kerr, and Henderson), 1945. 
Fractionating column, improved (Myers 
and Jones), 4. 

Famaric acid, Rout gen ray structure of 
(Yardley), 2207. 

thallous salt (Christie and Menzibs), 

2370. 
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Fumaric acid, dimethyl ester, surface 
tension of (Sugden and Whit¬ 
taker), 1873. 

Fusain, oxidation of (Tideswell and 
Wheeler), 125. 


G, 

Galangin 3-methyl ether, and its di¬ 
acetyl derivative (Kalff and Robin- I 
son), 181. 

Galanginidin chloride (Pratt and 
Robinson), 1135. 

and its 3-methyl ether (Malkin 
;and Robinson), 1192. 

Gardenia tur.g'ida^ b-mannitol from 
(Forster and Rao), 2176. 

Gases, combustion of, with air (White), 
48,672. "" 

ignition of (Wheeler), 14. 

Gas analysis apparatus, portable 
(Murray), 769. 

Gas circulating apparatus (Pearson 
and Thomas), 2450 ; (Chatterji and 
Finch), 2464. 

Germanibenzoic acid. See Phenyl- 
germanonic acid. 

Germanium organic compounds, aromatic 
(Morgan and Drew), 1760. 
Germanium triphenyl. See Tetra- 
phenylgermane. 

Glass, absorption of water on surfaces of 
(McHaffie and Lenher), 1559. 

j8-Glucosan, polymerisation of (Irvine 
and Oldham), 2903. 

d-Glucose. See Dextrose. 

Glncosides (Craik and Macbeth), 1637. 

Glutaconie acids, chemistry of (Goss, 
Ingold, and Thorpe), 460. 

Glutardialdoxime, preparation of 
(Shaw), 215. 

Glutaric acids, aa'-bibromo-, configur¬ 
ation of, and aa'-diio&o-, and their 
derivatives (Ing and Perkin), 2387. 

Glycerol, ionic activity of water in 
aqueous solutions of (Gqlvin), 2788. 
liquid and vapour phases of aqueous 
mixtures of (Iyer and Usher), 841. 
sulphonic and benzoic acid esters of 
(Faikbourne and Foster), 2762. 
glucoside (Gilchrist and Purves), 
2735. ■ ' 

Glycols, synthesis of, from atrolactinic 
acid (Roger), 518. 

Glyeollic acid, Z-menthyl ester (Rule 
and Smith), 2191. 

Glyoxalines, methylation of (Forsyth 
and Pyman), 573. 

Glyoxaline-4'(or 5 / )-carboxy-p-amino-3- 
aminophenylarsinic acid, and its salts 
and derivatives {Balaban and Xing), 
2709. 


Glyoxaline-4(or 5) -carboxyaminoanil- 

ides, and their derivatives (Balaban 
aud King), 2706. 

Glyoxaline-4'(or 5')-carfcoxy-.27-amino-3- 
nitrophenylarsinic acid, and its salts 
(Balaban and King), 2708. 

Glyoxaline-4'(or 5')-carboxy-j>ainino- 
phenylarsinic acid, and its salts 
(Balaban and King), 27 OS. 

Glyoxaline-4( or 5)-carboxynitroanilides, 
and their derivatives (Balaban and 
King), 2705. 

Glyoxaline-4(or 5)-phenyl-^- ar sinic acid, 
and its salts (Balaban and King), 
2712. 

Gold, catalysis of the decomposition of 
hydriodie acid by (Hinshelwood and 
Prichard), 1552. 

Graphite, activated, sorption of oxygen 
by (Bangham and Stafford), 1085. 

Grignard reagents, action of aldehydes 
on (Marshall), 2184. 

Guaiaeol, thallons salt (Christie and 
Menzies), 2873. 


H. 

Halogens, lability of, in organic com¬ 
pounds (Macbeth and Traill), 892, 
1118. 

?i-Heptadecoylaeetone. See Margaroyl- 
aeetone. 

cycZoHeptane, multiplanar configuration 
of (Baker), 1678. 

cycZoHeptane-l.-l-diacetic acid, aa-cli- 
hydroxy-, and its silver salt (Baker), 
1681. 

cyc^Heptanesjjiro-l-methoxycyc^/pro- 
pane-l:2-dicarboxylic acid (Baker), 
1680. 

Heptodilactone (Bennett), 1277. 

2-5i-Heptylcyc/otelluripentane-3:5-dione 
1:1-dichloride (Morgan and Taylor), 
805. 

2-?i-HeptylcyeZotelluropentane-3:5-dione 
(Morgan and Taylor), 805. 

n-Hexadecoylacetone. See Palmitoyl- 
acetone, 

Hexamethylene bisulphide (Bennett 
and Hock), 2676. 

Hexamethyl glycerol glucoside (Gil¬ 
christ and Purves), 2740. 

cycZoHexane-l-aeetic acid, l:2-bibromo-, 
ethyl ester (Baker), 988. 

«/cZoHexane-l :2-diacetic acid, l:2-bi- 
hydroxy-, lactone (Baker), 989, 

cycZoHexanesulphonic acid, salts and 
derivatives of (Kolker and Lap- 
worth), 312. 

Hexaphenyldigermane (Morgan and 
Drew), 1764. 
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cycZoHexene, action of hydrogen suJ phites 
on (Kolker and Lapworth), 312. 

A 1 -r?/cZoHexeneacetic acid, 2-bromo-, 
ethyl ester (Baker), 988. 

A 1 -c , ?/c^Hexene-l-acetic-2'malo nic acid, 
and its ethyl ester (Baker), 988. 

A 1 »c2/cZoHexene-l:2-diacetic acid 

(Baker), 990. 

c^cZoHexylideneazine, action of hydro¬ 
chloric acid on (Perkin and Plant), 
1138. 

c^cfoHexylidenecycfopentylideneazine 
(Perkin and Plant), 1141. 

2-^-Hexylc2/cZotellurip entane-3:5-dione 
1:1-bichloride (Morgan and Taylor), 
804. 

2-?i-Hexylcy6*Z0teUnropentane*3:5-dione 
(Morgan and Taylor), 805. 

iYHoirtopiperonyl-4:5-dimethoxyhomo- 
phthal&mic acid, and its methyl ester 
(Haworth, Perkin, and Pink), 
1720. 

2-Homopiperonyl-6:7 -dimethoxyhomo- 
phthalimide, and its dimethyl deriv¬ 
ative (Haworth, Perkin, and Pink), 
1720. 

2-Homopiperonyl-6:7-dimethoxy-1 -iso- 
quinolone, 3-chloro- (Haworth, 
Perkin, and Pink), 1720. 

2-Homopiperonyl-4:4-dimethylhomo- 
phthalimide (Haworth, Perkin, and 
Pink), 1717. 

A r -Homopiperonylhomophthalamic acid, 
and its amide and methyl ester 
(Haworth, Perkin, and Pink), 1718. 

2- Homopiperonylhomophthalimide (Ha¬ 
worth, Perkin, and Pink), 1717. 

3- Homopiperonyl-2-methylchromone, 

7-hydroxy-, and its derivatives 

(Baker and Robinson), 1431. 

Homopiperonylpse anol (Baker and 
Robinson), 1430. 

2- Homopiperonyl-l-isoquinoIone, 
3-chloro- (Haworth, Perkin, and 
Pink), 1717. 

Homopiperonylresacetophenone (Baker 
and Robinson), 1430. 

Homoveratroylhom opiperonylamine, 
O'-hiomo- (Haworth and Perkin), 
1451. 

3- Homoveratryl-2-methylchromone, 
7-hydroxj-, and its acetyl derivative 
(Baker and Robinson), 1433. 

HomoveratryLresacetophenone (Baker 
and Robinson), 1433. 

r-Hydratropic acid, j3-chloro-, resolution 
of (McKenzie and Strathern), 86. 

Hydrazine hydrate, action of, on 
phenanthraqninone (Dott), 2971. 

Hydrazones., coloured sulphuric acid 
solutions of (Ohattaway, Ireland, 
and Walker), 1851. 


Hydrazotricarboxylic acid, ethyl ester 
(Ingold and Weaver), 382. 

Hydrindamine, hydroxy-, chloiobromo- 
me thane sulphonates (Read and 
Me Math), 1587. 

1-Hydrindones, 2-oximino-, action of 
phosphorus pentachloride on (Ha¬ 
worth and Pink), 1368. 

Hydriodic acid. See under Iodine. 

Hydrocarbon:— 

C 15 H 24 from cedrene and formic acid 
(Robertson, Kerr, and Hender¬ 
son), 1946. 

Ci 5 H 2 4 from, formic acid and cadinene 
(Robertson, Kerr, and Hender¬ 
son), 1946. 

Hydrocarbons, Rontgen ray investiga 
tion of (Muller and Saville - 
599. 

ethylenic, combination of hydrogen 
sulphites with (Kolker and Lap- 
worth), 307. 

paraffin, ignition of mixtures of air 
with (Wheeler), 14. 
from paraffin wax, constitution of 
(Piper, Brown, and Dyment), 
2194. 

polynuclear, Tesla-luminescence 
spectra of (McYicker, Marsh, and 
Stewart), 999. 

quaternary, preparation of (Trotman), 

88 . 

Hydrochloric acid. See under Chlorine. 

Hydroferricyanic acid, potassium salt, 
oxidation of carbohydrates by 
(Knecht and Hibbert), 2854. 

Hydrofluoric acid. See under Fluorine. 

Hydrogen, effect of ultra-violet light on 
dry mixtures of oxygen and (Baker 
and Carlton), 1990. 
action of carbon dioxide with, on the 
surface of tungsten (Hinshelwood 
and Prichard), 1546. 
action of carbon dioxide with, on 
platinum (Prichard aud Hinshel¬ 
wood), 806. 

photochemical reaction between 

chlorine and (Nourish), 2316. 
photochemical reaction between 

chlorine and, in presence of oxygen 
(Norrish and Bideal), 787. 
ions, coagulation of colloidal solutions 
by (Weir), 2245. 

Hydrogen peroxide, decomposition of, 
by cobaltie hydroxide (Tryhorn 
and Jessop), 1320. 
phosphide (phosphorus hydride; 

phosphine ), spectrum of (EmelB us), 
1362. 

sulphites. See under Sulphur. 

Hydrogen electrodes. See Electrodes. 

HypocKLorous acid. See under Chlorine* 
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i. 

paition of gases (Wheeler), 14. 
nino-aryl ethers (Chapman), 1992. 
oIndole-2-oxide, 1-hydroxy- (Griffiths 
and Ingold), 1706. 

■Indoxyl^irocycZopentane, alkali de¬ 
rivatives of {Sidgwick and Plant), 
209. 

Lterfaees, chemistry of (Hardy), 
1207. 

>dine, influence of electrolytes on the 
solubility of, in water (Cartee), 
2861. 

hydrolysis of, measured by the iodine 
electrode (Murray), 882. 
compound of starch with (Murray), 
1288. 

Hydriodic acid, catalytic decom¬ 
position of, at gold surfaces 
(Hinshelwood and Prichard), 
1552. 

catalytic decomposition of, on 
platinum (Hinshelwood and 
Burk), 2896. 

reduction of halogenated malonyl 
derivatives by (West), 748. 
Iodides, effect of light on reaction of 
ferric salts with (Rideal and 
Williams), 258. 

ms, complex, in aqueous solutions 
(Patterson and Duckett), 624. 
ron:— 

Ferric salts, effect of light on the 
reaction of iodides with (Rideal 
and Williams), 258. 
hydroxide, electrometric precipit¬ 
ation of (Britton), 2148. 

Ferrous hydroxide, electrometric pre¬ 
cipitation of (Britton), 2110. 
sulphate, equilibrium of aluminium 
sulphate, water, and (Occleshaw), 
2598. 

satin, absorption spectra of, and its 
ethers (Morton and Rogers), 2698. 
somerism, dynamic (Faulkner and 
Lowry), 1080; (Lowry), 1371; 
(Lowry and Richards), 1385; 
(Lowry and Faulkner), 2883. 
geometric, and surface tension (Sug- 
den and Whittaker), 1868. 
in aromatic compounds (Chapman), 
2818. 


amala, Indian, constitution of (Dutt), 
2044. 

eto-T-demethylo-^-corydaline (Ha¬ 
worth and Perkin), 1461. 


a-Keto-j8£-dimethylglutarie acid, and its 
ethyl ester (Rothstein, Stevenson, 
and Thorpe), 1079. 

ct-Keto-jSjS'dimethylpentane- ay-dicarb- 
oxylic acid, and its diethyl ester 
(Rothstein,Stevenson, andTHORPE), 
1077. 

3- Keto-2:2-diphenyltetrahydroquinoxal- 
ine-4-carboxylic acid, ethyl ester, and 
its acetyl derivative (Ingold and 
Weaver), 384. 

jS-Keto-esters, enolic, structure of 
(Sidgwick), 907. 

1:4-e?wfc-KetO“2-keto-3:3-diphenyltetra- 
hydroquinoxaline, and its chloro- 
derivatives (Ingold and Weaver), 
384. 

4- Ketomethyl-1:2:3:4- tetrahydroquinol- 
ines, and their derivatives (Clemq and 
Perkin), 2303. 

Ketones, and their derivatives, ab* 
sorption spectra of (Purvis), 9. 
reactions of tellurium tetrachloride 
with (Morgan and Elvins), 2625. 
saturated aliphatic, Rbntgen ray in¬ 
vestigation of (Saville ’ and 
Shearer), 591. 

4-Ketopalmitic acid, and its oxime (G. M. 
and R. Robinson), 180. 

1- Keto-2-phenyl-3:5-dimethyl- l:2-di- 
hydro-2:4:6-naphthaisotriazine (Gul- 
land and Robinson), 1498. 

4-Keto-2:3:3-triphenyldimethylene-I:2- 
di-imine-l-carboxylic acid, ethyl ester 
(Ingold and Weaver), 383. 

2- Keto-3:3 4-triphenyl-l-p-nitrobenzyl- 
trimethyleneimine (Ingold and 
Weaver), 386. 

Ketotriphenyloxadiazole (Ingold and 
Weaver), 384. 

4-Keto-l:2:3:4-tetrahydrc-?i- and -iso¬ 
quinolines, synthesis of (Clemo and 
Perkin), 2297. 

4-Keto-l:2:3:4“tetrahydroquinoline, 6- 
hydroxy- (Clemo and Perkin), 2807, 

L. 

lactarinic acid, synthesis of, and its 
oxime (G. M. and R. Robinson), 175. 

lactone, C 9 H 14 0s, and its derivatives, 
from Alstonia bark (Goodson and 
Henry), 1647. 

C 15 H 16 0 4 from ethyl sodioethyl- 
malonate and phenacyl bromide 
(R. M. and J. N. Ray), 2723. 
Gi 8 Hj S 0 4 , from ethyl sodiowopropyl- 
malonate and phenacyl bromide 
(R. M. and J, N, Ray), 2723. 
C 20 H 18 O 4 , from ethyl sodiobenzyl- 
malonate and phenacyl bromide 
(R. M. and J. N. RAy), 2728. 
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Laurie acid, potassium salt, effect of 
potassium chloride on solutions of 
(Quick), 1401. 

Lauroylacetone, and its copper salt 
(Morgan and Holmes), 2894. 

Lead, adsorption of, by platinum (Mas¬ 
ted), 73. 

effect of colloids on the displacement 
of, in its salts by zinc (Gray), 
776. 

Lead di- and teta-hydrides (Weeks), 
2845. 

hydroxide, electrometric precipitation 
of (Britton), 2148. 
nitrate, complex formation in solutions 
of (Glasstone and Riggs), 2846. 
Lectures delivered before the Chemical 
Society (Hardy), 1207. 

Lignin,* chemistry of (Powell and 
WHITTAKER), 132. 

Lignol (Powell and Whittaker), 134. 
Limonene, action of hydrogen peroxide 
on (Sword), 1632. 

Liquids, dielectric constants of (Sayce 
and Briscoe), 315 ; (Harris), 1049. 
Lithium, arc spectrum of (Austin), 
1752. 

Lotoflavinidin chloride (Pratt and 
Robinson), 1134. 

Luteolinidin chloride (Pratt and Robin¬ 
son), 1135. 

2:6-Lutidine, 3-amino-, and its hydro¬ 
chloride (Gulland and Robinson), 

1495. 

Lutidineazoaniso le, and its hydro¬ 
chloride (Gulland and Robinson), 

1496. 

M. 

Magnesium hydroxide, electrometric 
precipitation of (Britton), 2110. 
Malachite, formation of, from basic 
cupric carbonate (Hepburn), 1007. 
Maleic add, Rontgen ray structure of 
(Yardley), 2207. 

thallous salt (Christie and Menzies), 
2370. 

dimethyl ester, surface tension of 
(Suoden and Whittaker), 1873. 
Malondiisopropylamide, and bronio- 
(West), 750. 

Malonic add, dissociation constants of 
(Britton), 1906. 

alkaline earth salts, solubilities of 
(Walker), 62. 

chloTohltro-, ethyl ester (Macbeth 
and Traill), 1121. 
di-j8-chloroetbyl ester (Bennett), 
1278, 

diethyl ester, addition of, to anils 
(Wayne and Cohen), 450. 


Malonic acid, potassium ethyl ester, 
electrolysis of (Robertson), 2057. 
Z-menthyl hydrogeu ester (Rule and 
Smith), 2192. 

Malonic acid, halogen derivatives, quan¬ 
titative reduction of, by hydriodio 
acid (West), 748. 

Malonmonobenzylmono-p-tolylamide, 
and bromo- (West), 751. 

Malonmono&obutylamide, and bromo- 
(West), 750. 

Malonmono&obutylmono-jp-tolylamide, 
and bromo- (West), 751. 

Malonmonoethylamide, and bromo- 
(West), 750. 

Malonmonoethylmono-p-bromophenyl- 
amide, bromo- (West), 751. 

Malonmonoethylmonophenylamide 
(West), 750. 

Malonmonoethylmonoisopropylamide, 
and bromo- (West), 750. 

Malonmonoethylmono-^-tolylamide, 
and bromo- (West), 751. 

Malonmonomethylmono-p-bromoplienyl- 
amide, biomo- (West), 751. 

Malonmonomethyhnonophenylamide 
(West), 750. 

Malonmonomethylmono-p-tolylamide, 
and bromo- (West), 751. 

Malonmono&opropylamide, and bromo- 
(West), 750. 

Malonmonotsopropylmono-jp-tolylamide, 
and bromo- (West), 751. 

Malonmono-^-tolylamide, brorao- 

(West), 752. 

Malon-p-toluidide, bromo- (West), 752. 

Maltodextrins (Ling and 3STan.ii), 636. 

Mandelic acids, optically active, con¬ 
figurations of (Clough), 2808. 

Mandelonitrile, transformation of, to 
the tso-form (Wood and Lilley), 95. 

Manganese, atomic volume of (Camp¬ 
bell), 1487. 

Manganese hydroxide, electrometric 
precipitation of (Britton), 2110. 
sulphate, equilibrium of aluminium 
sulphate, water, and (Oaten and 
Mitchell), 527. 

^-Mannitol from Gardenia turgida 
(FousTERand Rao), 2176. 

Margaroylacetone, and its copper salt 
(Morgan and Holmes), 2895. 

wi-Meconine, nitration of (Ray and 
Robinson), 1618. 

Meconines, synthesis of (Edwards, 
Perkin, and Stoyle), 195. 

Menthanedisulphonic acid, barium salt 
(Kolker and Lapworth), 314. 

dbn- and -zso-Menthones, derivatives of 
(Read and Cook), 2785. 

Menthone series (Read and Cook), 
2782. '■ / . . :• . , ■ ■ 
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o -Menthylsemicarb azide, and its hydro¬ 
chloride and benzylidene derivative 
(Wilson and Crawford), 106. 
Mercaptans, physiological action of 
(Hunter), 911. 

Mercuration of aromatic compounds 
(Coffey), 1029. 

Mercury, purification of (Russell and 
Evans), 2221. 

adsorption of, by platinum (Maxted), 
73, 

Mercury alloys, determination of metals 
in (Russell and Evans), 2221. 
Mercuric hydroxide, electrometric 
precipitation of (Britton), 2148. 
Mesaconic acid, dimethyl ester, surface 
tension of (Sugden and Whittaker), 
1873. 

Metals, periodic dissolution of (Hedges 
and Myers), 445. 

determination of, in amalgams 
(Russell and Evans), 2221. 
Metallic couples, decomposition of water 
by (Hedges and Myers), 495. 
halides, dithiolated, heats of chelation 
of (Morgan, Carter, and Harri¬ 
son), 1917. 

hydroxides, electrometric studies of 
the precipitation of (Britton), 2110, 
2120, 2142, 2148. 

salts, relationship of, in dilute aqueous 
solutions (Carrington, Hickson, 
and Patterson), 2544. 

Methane, and its homologues, ignition 
of mixtures of air with (Wheeler), 14. 
Methanesulphonie acid, chlorobromo-, 
optical activity of, and its salts (Read 
and MoMath), 1572. 
Methanesulphonyl groups, directing 
influence of (Twist and Smiles), 
1248. 

4- and -5-Methoxyacetan.thranils (Heil- 
bron, Kitchen, Parkes, and Sut¬ 
ton), 2173. 

Methoxyacetic acid, 7-mentliyl ester 
(Rule and Smith), 2191. 
cc-Methoxyaeetoveratrone (Pratt and 
Robinson), 170. 

Methoxyanthrones, hydroxy-, and their 
diacetyl derivatives (Miller and 
Perkin), 2688. 

3- Methoxybenzaldehyde, bromo- and 
nitro-derivatives, and their deriv¬ 
atives (Hodgson and Beard), 878. 

4- Methoxyhenzaldehyde, 2-hydroxy-. 
See 4-Methoxy-£-resorcylaldehyde. 

5- Methoxybenzaldehyde, 3-bromo- and 
3-nitro-2-hydroxy-, and their ^-nitro- 
phenylhydrazones (Rubenstein), 
2000. 

o-Methoxy-a-benzaldoxime, benzoyl de¬ 
rivative (BRADYand McHugh), 2421. 


Methoxybenzils, di- and irz-bydroxy-, 
and their acetyl derivatives (Marsh 
and Stephen), 1636. 

3- Methoxybenzoic acid, hromo-deriv- 
atives (Hodgson and Beard), 880. 

4- Methoxybenzoie acid, 5-bromo-2- 
omino-, salts and 2-acetyl derivative 
of (Griffith and Hope), 993. 

1- Methoxy-2:3-benzoxazine (Griffiths 
and IiNGOLD), 1704. 

o-Methoxybenzoyl cyanide (Marsh and 
Stephen), 1635. 

2- o -Methoxy ben zyli&ene-4:6-diacetoxy- 
eoumaranone, and its ^‘bromide 
(Kalff and Robinson), 1969. 

Methoxybenzylmandelic acids (Malkin 
and Robinson), 376. 

Methoxycaronic acid, ethyl ester (Roth- 
stein, Stevenson, and Thorpe), 
1079. 

4-Methoxycinnamie anhydride (Robin¬ 
son and Shinoda), 1977. 

6- Methoxydihydroquinoline, B-chloro-, 
toluene-p-sulphonyl derivative (Clemo 
and Perkin), 2306. 

4'-Methoxy-4''-dimethylainino-2:4-di- 
styrylbenzopyrylinm chloride, 7-hydr¬ 
oxy- (Heilbron, Walker, and 
Buck), 695. 

7- Methoxy~4'-dimethylainino-2-styryl- 

1 -me thy 1-4- quinazolone (Heilbron, 
Kitchen, Parked, and Sutton), 2175. 

Metboxydimetbyl-4-quinazolones 
(Heilbron, Kitchen, Parked, and 
Sutton), 2173. 

^-Methoxy-ay-diphenylpropane, a-hydr- 
oxy- (Malkin and Robinson), 377. 

Methoxy-2:4-distyrylbenzopyrylinm 
chloride, di- and 7rf-hydroxy- (Heil¬ 
bron, Walker, and Buck), 695. 

3- Metboxy-2-ethoxybenzaldehyde, 
6-nitro-, and its jo-nitrophenylhydr- 
azone (Rubenstein), 2269. 

4- Methoxy-2-ethoxybenzaldehyde, and 
5-uitro-, and their derivatives (Kao, 
Srikantia, and Iyengar), 559. 

3-Methoxy-2-ethoxybenzoic acid, 6- 
nitro-(R ubenstein). 2269, 

3-Methoxy-2-ethoxyhenzylidene-jo- 
toluidine, 5- and 6-nitro- (Ruben¬ 
stein), 2268. 

4'*Methoxy-8-ethoxy-2-phenylbenzo- 
pyrylixun ferriehloride, 3-ehloro- 
(Ridgway and Robinson), 768. 

f-Methoxy&oflavone (Baker and Robin¬ 
son), 1986. 

7-Methoxy-3*homoveratryl-2-methyl- 

chromoue (Baker and Robinson), 
1433. 

3-Methoxy-5:7-^Tiydroxy-2-methyl-. 
chromone (Kalff and, Robinson), 
1972. 
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3-{4'-Me1hnxy-2'-Iiydroxy)phenyl-5-.p- 
dimethylaminostyryl- A 5 - cyclohexen - 
1-one (Heilbron, Forster, and 
■Whitworth), 2166. 

S'-Methoxy^'-hydroxystilbene, 2:4.-di- 
nitro- (Gulland and Robinson), 1503. 

3-Methoxy-5:7-tf2hydroxy-2-styryl- 
chromone (Robinson and Shinoda), 
1977. 

3-Methoxy-4-hydroxystyryl ethyl ketone 
(McGookin and Sinclair), 2543. 

3- Methoxy-4-hydroxystyryl w-propyl 

ketone (McGookin and Sinclair), 
2543. 

1 -Methoxy&oindole-2-oxide (Griffiths 
and Ingold), 1708. 

Methoxyl groups, estimation of, mioro- 
chemically (Smith), 912* 

6-Methoxy-4-keto-l:2:3:4-tetrahydro- 
quinoline, and its toluene-p-sulphonyl 
derivative (Clbmo and Perkin), 
2305. 

2- jtf-Methoxy-3-j»-methoxybenzylquin- 
oxaline (Malkin and Robinson), 
376. 

1 -Metb.oxy-3* o-methoxyplienyl-5-^- 
dimetliyIamiiiostyryl-Ai:5-c3/cZoliexa- 
diene-2-carboxylic acid, ethyl ester 
(Heilbron, Forster, and Whit¬ 
worth), 2165. 

Methoxymethylanthranilic acids, and 
tbeir amides (Heilbron, Kitchen, 
Parses, and Sutton), 2173. 

4- Methoxy-3-methyl-a- and -£-ben 2 ald* 
oximes, and the acetyl derivative of 
the a-form (Brady, Cosson, and 
Roper), 2431. 

4-Methoxy-3-methylbenzoic acid 

(Brady, Cosson, and Roper), 2431. 

4- Methoxy-3-methylbenzonitrile 
(Brady, Cosson, and Roper), 2431. 

$-Methoxy-6i7-methyIenedioxy-2-(3:4- 
dimethoxyphenyl)quinoline (Pratt 
and Robinson), 170. 

3 w -Methoxy-3';4'-naethylenedioxy-2:4- 
distyrylbenzopyrylinm chloride, 4":7- 
dfthydroxy- (Heilbron, Walker, 
and Buck), 696. 

3- Melhoxy-6:7-methylenedioxy-2- 
(4-met hoxyphenyl )qninoline (Pratt 
and Robinson), 170. 

Methoxy-3':4'-methylenedioxy-2-styryl- 

l-methyl-4-quinazoIones (Heilbron, 
Kitchen, Parkes, and Sutton), 
2174. 

5- Methoxy-6:7-mtthyIenedioxy-2- 
(3:4:5-trimethoxyphenyl)qninoline, 
and its salts (Pratt and Robinson), 
173. 

Methoxymethylisatoic anhydrides 
(Heilbron, Kitchen, Parkis, and 
Sutton), 2174. 


3- Methoxy-3-methylc?/cZopropane-l:2- 
dicarboxylic acid, constitution of, and 
its anhydride (Goss, Ingold, and 
Thorpe), 468. 

6- and 7-Methoxy-2-methyl-4-quinazo- 
lones (Heilbron, Kitchen, Parkes, 
and Sutton), 2173. 

4- Methoxy-6-methylqninoline (Clemo 
and Perkin), 2305. 

4-Methoxyphenyl benzyl diketone (Mal¬ 
kin and Robinson), 375. 

2- i?-Methoxyphenyl-3-b enzylqninoxaline 

(Malkin and Robinson), 375. 

4-Methoxyphenyl j3:4-dimethoxystyryl 
ketone (Malkin and Robinson), 375. 

3- o-Methoxyphenyl-5-2>dimethylaminO“ 
styryl-A 6 -c?/c/o3iexen-l-one-2-carb- 
oxylic acid, ethyl ester (Heilbron, 
Forster, and Whitworth), 2164. 

3- Methoxy-2-£-phenylethylchromone, 7- 
hydroxy- (Robinson and Shinoda), 
1976. 

7- Methoxy-4-phenylflavylium salts 
(Armit and Robinson), 1617. 

4- Methoxyphenyl 4-methoxybenzyl di¬ 
ketone (Malkin and Robinson), 
375. 

4-Methoxyphenyl jS-methoxystyryl 
ketone (Malkin and Robinson), 375. 

4'-Methoxy-2-phenyl-4-styrylbenzo- 
pyrylinm chloride, 5:7-<&hydroxy- 
(Walker and Heilbron), 687. 

l-Methox3rphenyl-4-telluri^nchloride, 
2-hydroxy- (Morgan and Drew), 
2314. 

N- Methoxyphthalimidine (Griffiths 
and Ingold), 1707. 

4-Methoxy-i8-resorcylaldehyde, 5-nitro-, 
and its derivatives (Rao, Srikantia, 
and Iyengar), 557. 

Methoxyrottlerin, and its derivatives 
(Dutt), 2047. 

a-Methoxystyrene, preparation and nitra¬ 
tion of (C. K. and K. H. Ingold), 
872. 

3- Methexy-2-styrylchromone, 7-hydroxy- 
(Robinson and Shinoda), 1975. 

7 -Methoxy-2-styryKsofiavone (Baker 
and Robinson), 1986. 

MethoxyBtyrylmethylbenzopyrylium 
chlorides, hydroxy-derinatives (Heil¬ 
bron, Walker, and Buck), 693. 

4'-Methoxy-2- styryl-3-methyl-4- qnin- 
azolone (Heilbron, Kitchen, 
Parkes, and Sutton), 2171. 

4- Methoxytoluene, 5-chloro-2-amino-, 
and its acetyl derivative (Heilbron, 
Kitchen, Parkes, and Sutton), 
2175. 

a-Methoxyvinyl groups, directing effect 
of, in aromatic substitution (G. K. and 
E. H. Ingold), 870. 



INDEX OF SUBJECTS, 


302-7 


Methyl alcohol, preparation of, pure 
(Hartley and Raikes), 524. 

B-Methyl ay-dfchlorohydrin (Gilchrist 
and Purves), 2743. 

£-Methyladipic-£-acetic acid, prepar¬ 
ation of (Farmer and Ross), 2368. 

Methylamine, detection of, in presence 
of ammonia (Valton), 40. 

2-Methylamino-5-ethoxy-4-methyl-4:5 - 
dihydrothiazole, and its salts 
(Burtles, Pyman, and Roylance), 
587, 

2- Methylamino-4-methylthiazole, and 

its hydrochloride (Burtles, Pyman, 
and Roylance), 588. 

o-Methylaminopropionacetal (Burtles, 
Pyman, and Roylance), 586. 

Methylanthranilic acid, derivatives of 
(Heilbron, Kitchen, Parees, and 
Sutton), 2171. 

Methylation, wandering of acetyl groups 
in (Kubota and Perkin), 1889. 

4-Methyl-a- and -£-benzaldoximes, 

3-nitro-, and their derivatives (Brady, 
Cosson, and Roper), 2431. 

Methylbenzoin (Roger), 523. 

3- Methyl-3-?socarboline (Armit and 
Robinson), 1611. 

4- Methyl-l:2-chlorophthalide, 4 -di- 

chloro- (Perkin and Stone), 2292. 

2- Methylcinchoninic acid, 3-amino-, and 
its methyl ester, and their acetyl 
derivatives (Gulland and Robinson), 
1497. 

6-MethyM: l'-diethylcarbocyanine 
iodide (Mills and Raper), 2474. 

3- Methyldipropionylmethane, and its 
copper salt (Morgan and Taylor), 
799. 

Methylenebistelluriacetone cfo’chloride 
(Morgan and Drew), 537. 

MethylenebistellnriZWchloride (Morgan 
and Drew), 534. 

3:4-Methylenedioxy-a-benzaldoxime, 
acetyl and benzoyl derivatives (Brady 
and McHugh), 2420, 2422. 

2:3-Methylenedioxydihydroprotoberber- 
iiie, and its salts (Haworth, Perkin, 
and Pink), 1722. 

6:7 -Methylenedioxy-S'rd'-dime thoxy- 

1- benzoyl-3:4-dibydroi5oquinoline 
methiodide (Haworth, Perkin, and 
Rankin), 2020. 

6:7-Mathylenedioxy-2':3'-dimethoxy- 

2- benzyl-l-nitromethyl-l :2;3:4-tetra- 
hydro&oquinoline (Haworth and 
Perkin), 1441. 

Methylenedioxy-2:4-distyrylbenzo- 
pyrylium chlorides, Zrikydroxy- (Heil- 
bron, Walker, and Buck), 696, 

4:5-Methylenedioxyhomophthalamic 
acid (Haworth and Pink), 1371. 


4:5 -Methylenedioxyhomophthalimide 
(Haworth and Pink), 1371. 

2:3 - Me thylenedioxyoxy dihydro woproto- 
berberine (Haworth, Perkin, and 
Pink), 1719. 

2:3-Methylenedioxyoxyprotoberberines 
(Haworth, Perkin, and Pink), 
1718. 

7:8- Methylenedioxy-ll-phenylindeno- 
quinoline, and its derivatives (Armit 
and Robinson), 1610. 

2:3-Methylenedioxyprotoberherine, salts 
of (Haworth, Perkin, and Pink), 
1722. 

3':4'-Methylenedioxystilbene, 4-nitro- 
2-amino- and 2:4-cfo'nitro- (Gulland 
and Robinson), 1502. 

S'^'-Methylenedioxy^-styryl-S-methyl- 
4-quinazolone (Heilbron, Kitchen, 
Parkes, and Sutton), 2171. 

2:3-Methylene dioxytetr ahydroproto- 
berberines, and their salts (Haworth, 
Perkin, and Pink), 1718. 

£-Methyl-j8-ethylacrylic acid (Kon and 
Linstead), 623. 

Methyl ethyl ketone, condensation of 
salicylaldehyde with (McGookin and 
Sinclair), 2542. 

lO-Methyl-lO-ethylphenoxarsonium 

salts (Aeschlimann), 814. 

(MoiJgan and Corby), 3 2617. 

2-Methy M-ethylcs/cZotelluxopentane- 
-3:5-dione oximes (Morgan and Kel- 
lett), 2621. 

2-MethyKsoflavone, 7 -mono- and 5:7-aft- 
hydroxy-, and their derivatives 
(Baker and Robinson), 1984. 

Methylglucoside, derivatives of (Old¬ 
ham), 2844. 

a-Methylglutarie acid, ^-bromo-, 
7 -chloro-, hydroxy-, and a-iodo- f salts 
and derivatives of (Ingold), 393. 

a-Methyl glycerol (Gilchrist and 
Purves), 2744. 

2-Methylglyoxalino, 4(5)-nitro-5(4)» 
thiol-, and its ammonium salt 
(Bhagwat and Pyman), 1835. 

4(5)-Methylglyoxaline, 2-amino-, picrate 
( Burtles and Pyman), 2017. 

1 -MothylcycZohexan-3-one-l-acetic acid, 
and its ethyl ester, and their deriv¬ 
atives (Farmer and Ross), 2365. 

l-MethylcycZohexan-3-one-4-carhoxylic- 
1 -acetic acid, ethyl esters (Farmer 
and Ross), 2364, 2366. 

l-Methylcj/cZohexylidene-4-acetic , acid, 
rotatory dispersion of (Richards and 
Lowry), 238. 

1 -Methyl-2-methylene-l :2-dihydxo- 
B-naphthaquinoline (Mills and 
Raper), 2472. 

5 k 2 
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7j-Methyl-7-methylene-Aa-octen-e-one. 
See Tagetone. 

Methylisatoic anhydride (Heilbron, 
Kitchen, Pabe.es, and Sutton), 
2171. 

Methylitamalic acid, barium salt (In- 
gold), 397. 

iV-Methylolundecenoamide (Jones and 
Ptman), 2598. 

Kethylparaconic acid (Ingold), 897. 

£-Methyl-A£-pentenoic acid, and its 
derivatives (Kon and Linstead), 
623. 

a-Methyl-A 1 -cyc7epentenylacet03ie, and 
its semicarbazone (Kon and Lin¬ 
stead), 821. 

2- Methyl-p-phenylenediamine, 5-chloro- 
(Kenner, Tod, and Witham), 2347. 

4-Methyl-1:2-phthalide, and 4-bromo-, 
4-chloro-, 4-cyano, and 4-hydroxy - 
(Perkin and Stone), 2285. 

4-Methyl-l:2-phthalideoxalic acid, 
4-hydroxy-, ethyl ester (Perkin and 
Stone), 2287. 

o-Methylphthalimidine (Griffiths and 
Ingold), 1708. 

4-MethyI-l:2-phthalyl chloride, 4 4ri- 
ehloro- (Perkin and Stone), 2296. 

j8-Methylpimelic-j8-acetic acid, and its 
ethyl ester (Farmer and Boss), 
2363. 

ds - and trcms-l -Me thylcycZopr op arte -1:2- 
dicarboxylic acids, and their deriv¬ 
atives (Ingold), 396. 

3- Methylcycfopropane-1:2-dicarboxylic 
acid, 2:3-dibroaio-, methyl ethyl ester 
(Goss, Ingold, and Thorpe), 468. 

3-Methyl-A 2 -cycZopropene-l:2-dicarb- 
oxylic acid, esters of (Goss, Ingold, 
and Thorpe), 467. 

2-Methyl-4-propylcyc7<?teIlnripentaiie- 
3:5-dione ^chlorides (Morgan and 
Corby), 2616. 

2-Methyl-4-propylcyc7<9tellniopentane- 
3:5-diones (Morgan and Corby), 
2616. 

2-Methylpyridine-3:4;6-tricarboxylic 
acid, thallous salt (Christie and 
Meneies), 2371. 

6-Methylquinoline, 2-bromo-, and its 
derivatives,and 2-hydroxy- (Conolly ), 
2085. 

2-Methylquinoline-3-bufcyric acid, 7-4- 
hydroxy- (Paterson and Plant), 
1798. 

2- Methy Icycfc telluxopentane-3:5- dione 
dinxime {Morgan and Kellett), 
2621. 

Methylterephthalic acid, 2-hydroxy- 
(Pjbrkin and Stone), 2290. 

1-Methyltetraphenylpyrrole (Perkin 
\)&d < PLANT), 1141. 


m-Methylfchiolphenylmethylsulphone 

(Twist and Smiles), 1251. 

Methylvinylcarbinol, resolution and 
rotation of, and its esters (Kenyon 
and Snellgrove), 1174. 

Micro-balance, studies on the (Har- 
tung), 2691. 

Molecules, newly-formed, possible en¬ 
hanced activity of (Goss and Ingold), 
2776. 

Molybdenum, tervalent, compounds of 
(Wardlaw and Parker), 1311. 
pentoxi&Q (Wardlaw and Nicholls), 
1487. 

Monosaccharides, constitution of (Hirst 
and Robertson), 358. 

Morinidin chloride (Pratt and Robin- 
son), 1137. 

S^ri'-trimetbyl ether and its per¬ 
chlorate (Pratt and Bobinson), 
1188. 

Mutarotation (Lowry), 1371; (Lowry 
and Richards), 1385. 
of sugars, effect of amphoteric sol¬ 
vents on (Lowry and Faulkner), 
2883. 

Myoporum Icetum (ngaio), constituents 
of (McDowall), 2200. 

Myricetin, synthesis of (Kalff and 
Robinson), 181. 

Myristaldehyde jp-nitrophenylhydrazone 
(Stephen), 1876. 

Myristoylacetone, and its copper salt 
(Morgan and Holmes), 2894. 


(l:6)-NaphthadiqamoIine, and its sul¬ 
phate { Armit and Robinson), 1614. 
a - Naphthaldehyde ^-nitropheny lhydra- 
zone (Stephen), 1877. 

Naphthalene, equilibrium of trinitro¬ 
toluene and, in nitrobenzene 
(Brown), 345. 

picrate, dissociation of, in nitrobenzene 
(Brown), 345. 

Naphthalene-2-sulphonyl iodide (Gib¬ 
son, Miller, and Smiles), 1823. 

2-Naphthalenethiolsulphonic acid, 6- 
methoxy-3-tolyl and 2:4-xylyl esters 
(Gibson, Miller, and Smiles), 1824. 
afi-'N aphthaphenox arsine, 7-chloro- 

(Aeschlimann), 814. 
a-Naphthaquinoline-6:7-dicarboxylic 
acid (Stewart), 1331. 
a-Naphthoxide, thallous salt (Christie 
and Menzies), 2373. 
j8-a- and -8-Naphthylaminobenzyl- 
malonic acids, ethyl esters (Wayne 
and Cohen), 455. 

Naphthylaminonaphthathiazoles, and 
their bromides (Hunter), 2272. 
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a-Naphthylcarbamyl-a- and -jS-cixuta- 
maldoximes (Beady and McHugh), 
2426. 

a-Naphthylselenogly collie acid (Mor¬ 
gan and Porritt), 1758. 
Naphthyridine group, synthesis in the 
(Gulland and Robinson), 1493. 
Ngaiol, and its derivatives (McDowall), 
2205. 

Ngaio. See Myopormn Icetum. 

Ngaione, and its derivatives (McDow¬ 
all), 2202. 

Nickel ammonium chromate, dissoci¬ 
ation pressure of (Ferguson), 
2098 .. 

hydroxide, electrometric precipitation 
of (Britton), 2110. 
sulphate, equilibrium of aluminium 
sulphate, water, and (Cayen and 
Mitchell), 2549. 

Nicotine, rotation of (Patterson and 
Pulton), 2439. 

a-Nitro-acids, aliphatic, action of hydr¬ 
azine hydrate on the halogen deriva¬ 
tives of (Macbeth and Traill), 
892. 

Nitro-compounds> aromatic, ionisation 
of, in liquid ammonia (Field, 
Garner, and Smith), 1225a 
reduction of (West), 494: 

Nitrogen, explosion of mixtures of 
acetylene and (Garner and Saun¬ 
ders), 77. 

Nitrogen monoxide {nitrous oxide), 
thermal decomposition of, and its 
catalytic decomposition on platinum 
(Hinshelwood and Prichard), 
327. 

^e?itoxide, thermal decomposition of 
(Hirst), 657. 

persulphide (Usher), 730. 

Nitrous acid, action of, on amides and 
amino-compounds (Primmer), 2651. 
Nitroso-groups* influence of, in aromatic 
substitution (Ingold), 513. 

Nitrosyl chloride, photochemical decom¬ 
position of (Bowen and Sharp), 
1026. 

Nitrous acid. See under Nitrogen. 
n-Nonadecoylacetone, and its copper 
salt (Morgan and Holmes), 2895. 
Nonodilactone (Bennett), 1277. 
w-Nonoylacetone, and its copper salt 
(Morgan and Holmes), 2893, 


O. 

Obituary notices:— 

Sir George Thomas Beilby, 955. 
Richard Burtles, 2973.. 
Reginald Arthur Joyner, 2974. 


Obituary notices:— 

Guglielmo Korner, 2975. 

George Downing Liveing, 2982. 

Henry George Smith, 958. 

Alexander Mitchell Williams, 2984. 
George Young, 2986. 

tt-Ocfcadecoylacetone. See Stearoyl- 
acetone. 

w-Octaldehyde jo-nitrophenylhydrazone 
(Stephen), 1875. 

7i-0ctoylaeetone, copper salt (Morgan 
and Holmes), 2892. 

Oleic acid, synthesis of (G. M. and R. 
Robinson), 175. 

oxidation products of (Lapworth and 
Mottram), 1628, 1987. 

Olive oil, oxidation of organic com¬ 
pounds in (Walker), 1491. 

Optical activity, potential (Read and 
McMath), 1572. 

and polarity of substituent groups 
(Rule and Smith), 2188. 
inversion, Walden's (Kenyon, Phil¬ 
lips, and Turley), 399 ; (Sentek 
and Ward), 1847. 

rotation and relative configuration of 
optically active compounds 
(Clough), 2808. 

Optically active compounds, rotatory 
dispersion of (Patterson and Ful¬ 
ton), 2435. 

relation between optical rotation and 
configuration of (Clough), 2808. 

Organic compounds, rotatory dispersion 
of (Richards and Lowry), 238, 
1503 ; (Lowry and Cutter), 604; 
(Cutter, Burgess, and Lowry), 
1260. 

surface tensions of aqueous solutions 
of (Edwards), 744. 
lability of halogens in (Macbeth and 
Traill), 892, 1118. 
estimation of arsenic in (Newbery), 
1751. 

Osmotie pressure in concentrated solu¬ 
tions (Applebey and Davies), 1840. 

1:2; 4-0xadi-imines, supposed formation 
of (Burkhasdt, Lapworth, and 
Robinson), 2234. 

Oxalic acid, formation of, from ether, 
and its uranium salts (Rowell and 
Russell), 2900. 

dissociation constants of (Britton) 
1905. 

tervalent molybdenum salts (Ward- 
law and Parker), 1311. 
silver salt, formation and growth of 
silver nuclei in decomposition of 
(Macdonald and Hinshelwood), 
2764. 

Oxidation in turpentine and olive oil 
(Walker), 1491. 
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Oximes, isomerism of (Beady and 
Klein), 844 ; (Brady and Bishop), 
1357; (Brady and McHugh), 
2414; (Brady, Cosson, and Roper), 
2427. 

tautomerism. of (Griffiths and In¬ 
gold), 1698. 

Oxyberberine, synthesis of (Perkin, 
Bay, and Bobinson), 740. 

Oxygen, adsorption of, by charcoal 
(Rideal and Wright), 1347. 
sorption of, by activated graphite 
(Bangham and Stafford), 1085. 
effect of ultra-violet light on dry 
mixtures of hydrogen and (Baker 
and Carlton), 1990. 
explosion of ammonia with carbon 
monoxide and (Beeson and Par¬ 
tington), 1146. 

Oxygen electrodes. See Electrodes. 

Oxywoprotoberberine (Haworth, Per¬ 
kin, and Pink), 1717. 

Ozone, thermal decomposition of 
(Griffith and McKeown), 2086. 


P. 

Palmitaldehyde ^-nitrophenylhydra^- 
one (Stephen), 1876. 

Palmitic acid, sodium salt, equilibria 
of, with water and sodium chloride 
(McBaxn and Langdon), 852. 

Palmitoylacetone, and its copper salt 
(Morgan and Holmes), 2894. 

Paraehor in relation to chemical con¬ 
stitution (Sugden, Beed, and Wil¬ 
kins), 1525; (Sugden and Whit¬ 
taker), 1868 ; (Sugden and Wil¬ 
kins), 2517. 

cyeZoParaffins, structure of (W ight- 
MAN), 1421. 

Paraffin wax, constitution of hydro¬ 
carbons from (Piper, Brown, and 
Dyment), 2194. 

Pelargonidin chloride, and its 3:3'-di- 
methyl ether (Pratt and Robin¬ 
son), 1187. 

and its 3:4'-dimetbyl ether (Malkin 
and Robinson), 1194. 

n- Pentadecoylaeetone, and its copper 
salt (Morgan and Holmes), 2894. 

Penfamethylene sulphide, and its 
derivatives (Thierry), 2758, 

3:5:7:4'-Pentamethoxyffavylium salts 
(Pratt and Robinson), 1136, 

Pentane- 7 -carboxylic acid, afe-cWbromo-, 
ethyl ester (Mills and Bains), 2505. 

cyeUPentene-l'-c&rboxylyl&niliiioci/cfo- 
pentane-l-carboxylic acid, lsl'-hydr- 
oxy-, lactone of (Plant and Facer), 
. 2039 . 


cycZoPentylideneazine, action of hydro¬ 
chloric acid on (Perkin and Plant), 
1138. 

Periodicity in electrochemical reactions 
(Hedges and Myers), 1013. 

Petroleum, chemistry of (Birch and 
Norris), 898, 1934. 
distillates, action of sodium hypo¬ 
chlorite on sulphur compounds in 
(Birch and Norris), 1934. 
Persian, sulphur compounds from 
(Thierry), 2756. 

Phenacyl bromide, condensation re¬ 
actions of (R. M. and J ; N. Rlv), 2721. 

Phenanthraquinone, action of hydrazine 
hydrate on (Dutt), 2971. 

Phenetole, Znnitro-, alcoholysis of 
(Brady and Horton), 2230. 

^-PhenetyltelluriZnchloride (Morgan 
and Drew), 2311. 

Phenol, surface tension of aqueous solu¬ 
tions of (Goard and Rideal), 780, 
1668. 

effect of salts on the equilibrium and 
critical solution temperature of, in 
water (Carrington, Hickson, and 
Patterson), 2544. 

molecular condition of, in benzene 
(Philip and Clark), 1274. 
equilibrium of salicylic acid, water, 
and (Bailey), 1951. 

Phenol, bromonitroso-, and 3-iodo- 
4-nitro-, and 2-iodo-4-niti'o80-, 
(Hodgson and Moore), 2261. 
4-chloro-, sulphonation of (Gaunt- 
lett and Smiles), 2745. 
3-chloro-wio?w-, -di~, and -Zn-nitro- 
derivatives, and their derivatives 
(Hodgson and Moore), 1599. 

Phenols, nitrosation of (Hodgson and 
Moore), 2260. 

Phenols, nitro-, phenylcarbamyl deriv¬ 
atives of (Brady and Harris), 2175. 

Phenoxarsine, 6-chloro- (Turner and 
Sheppard), 544. 

PhenoxarEines, cfochloro- (Roberts and 
Turner), 2010. 

Phenoxarsinic acids, ehloro- (Roberts 
and Turner), 2010. 

Phenoxide, o-nitro-, potassium and 
sodium derivatives (Sidgwick and 
Brewer), 2385. 

o-Phenoxybenzeneazo-£-naphthol 
(Turner and Sheppard), 546. 

o-Phenoxyphenylarsinic acid (Turner 
and Sheppard), 546. 

Phenoxyphenylarsinic acids, and 
ehloro- (Roberts and Turner), 2009. 

Phenoxyphenyl^'chloroarsine, and its 
chloro-derivatives, and their con¬ 
version into chlorophenoxarsines 
(Roberts and Turner;, 2004. 
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Phenyl benzyl ether, s-tfnbromo-, and 
its nitro-derivatives (Holmes and 
In,gold), 1800. 

carbonate, surface tension and density 
of (Sugden, Reed, and Wilkins), 
1536. 

d - and Z-a-Phenylaeetoxypropionic acids, 
ethyl esters (Kenyon, Phillips, and 
Turley), 413. 

d - and Z-Phenylaminoacetic acids, ethyl 
ester hydrochlorides (McKenzie and 
Wills), 289. 

Phenylarsenions oxide, .p-bromo- and 
jt>-chloro- (Hunt and Turner), 2670. 

Phenylarsinic acid, -amino-, amino- and 
nitro-anisoyl, dzamino- and dznitro- 
benzoyl and amino- and nitro- 
tolnoyl derivatives of (King and 
Murch), 2637. 

3-amino-4-hydroxy-, diacetyl deriv¬ 
atives (King and Murch), 2651. 

Phenylaziminotolnquinone (Chatta- 
way and Parkes), 1309. 

W-Phenylbenziminochlorophenyl ethers 
(Chapman), 1996, 

W-Phenylbenziminophenyl ether, mo¬ 
lecular rearrangement of (Chapman), 
1992. 

1 -Phenylbenzthiazole methiodide 
(Clark), 974. 

Phenyl benzyl diketone, and its deriv¬ 
atives (Malkin and Robinson), 369. 

a-Phenyl-£-benzyl-j3-methylpropane 
(Trotman), 94. 

a-Phenyl-G-henzylpropane, jS-bfomo- 
(Trotman), 92. 

2- Phenyl-3-benzylquinoxaline (Malkin 
and Robinson), 373. 

Phenyl aj8-dibromo-a-methoxy-3-phenyl- 
ethyl ketone (Malkin and Robinson), 
372. 

Phenylcarbamic acid, m-nitrophenyl 
ester (Brady and Harris), 2176. 

4-Phenyl-4'-earbethoxybispiperidinium- 
l:l'-spirans, salts of (Mills and War¬ 
ren), 2511. 

3- Phenyl-a-carbethoxyhydrazine- 
3 -diphenylacetic acid (Ingold and 
Weaver), 383. 

Phenylcfo'chloroarsine, action of alu¬ 
minium chloride on (Hunt and 
Turner), 998. 

Phenyliichloroarsine, p-bromo- and 
p-chloro- (Hunt and Turner), 2670. 

Phenyl- jS^'-^ichlorodivinylar sine ( Hunt 
and Turner), 997. 

Phenyl-3-chlorovmyIchloroarsine 

(Hunt and Turner), 997. 

a-Phenyl-jS£-dibenzylpropane (Trot¬ 
man), 93. 

Phenyl £:4-dimethoxystyryl ketone 
(Malkin Rnd Robinson), 374. 


Phenylethylamine, condensation of 
s-dichiorodimethyl ether with 
. (Short), 269. 

j 8 -Phenyl-y-ethylamylene jSy-glycol 
(Roger), 523. 

i 8 -Phenylethylbenzoyl-tf-^-ecgonine, 
and its hydrochloride (Gray), 1158. 

Phenylethylbenzoyl-Z-ecgonines, and 
their salts (Gray), 1155. 

5- jS-Phenylethylchromone, 3; 7 -^‘hydr¬ 
oxy- (Robinson and Shinoda), 1977. 

2-3-Phenylethyl-3:4-dihydro-l-^oquin- 
olone( Haworth, Perkin, and Pink), 
1715. 

2-j3-Phenylethyl-4:4-dimethylhomo- 
phthalimide (Haworth, Perkin, and 
Pink), 1715. 

p-Phenylethylethylcarbinol, resolution 
and rotation of, and its salts and 
esters (Hewitt and Kenyon), 1096. 

W-3-Phenyle thylhomophthalamic acid, 
and its methyl ester (Haworth, 
Perkin, and Pink), 1716. 

2- 3-Phenylethylhomophthalimide (Ha¬ 
worth, Perkin, and Pink), 1715. 

3- Phenylethyl-fl-propyIcarbinol, resolu¬ 
tion and rotation of, and its salts and 
esters (Hewitt and Kenyon), 1097. 

2-j3-Phenylethyl-l:2:3:4-tetrahydro- 
isoquinoline hydrochloride (Ha¬ 
worth, Perkin, and Pink), 1716. 

2- Phenylm>flavone, 7-hydroxy-, and its 
acetyl derivative (Baker and Robin¬ 
son), 1985. . 

Phenylgermanonic ‘ acid (Morgan and 
Drew), 1764. 

3 - Phenylglntaric acid, u* 7 ntmo- and 
aa'-di* bromo-, and their esters, and 
a-bromo-a'-hydroxy-, ethyl ester, lac¬ 
tone (Haerdi and Thorpe), 1241. 

4( 5) -Phenylglyoxaline, 2-bromo-, 

5(4)-bromo-, and its salts, and2:5(2:4)- 
dzbromo- (Forsyth and Pyman), 577. 

Phenylglyoxalines, amino-, and their 
salts (Balaban and King), 2710. 

4(5)-Phenylglyoxaline-5(4)-carboxylic 
acid, and 2 -thiol-, ethyl esters (For¬ 
syth and Pyman), 579. 

6- Phenylhexahydxo-l:2:3:4-tetrazine- 
l:2;3:4-tetracarboxylic acid, ethyl 
ester (Ingold and Weaver), 386. 

a-Phenyl- 7 -hexanol. See j 8 -Phenyl- 
ethyl-w-propylcarbinol. 

Phenylhydrazine, acetyl and benzoyl 
derivatives, bromination of (Hum¬ 
phries and Evans), 1676. 

Phenylhydrazine, 2:4-£&bromo-, prepara¬ 
tion of (Humphries and Evans), 
1676. 

Phenylhydrazones, action of chlorine on 
(Humphries, Humble, and Evans), 
1304. ' 
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Phenyl 2 -hydroxy-4: 6 -dimethoxys tyryl 
ketone (Pratt and Robinson), 1132. 

Phenylhydroxylamine, ^-bromo-, pre¬ 
paration of (Haworth and Lap- 
worth), 2970. 

Phenyl / 8 -^ihydroxyphenylethyl ke¬ 
tones, cfa'hydroxy- (Chapman and 
Stephen), 891. 

Phenylc^Zoiminotolnquinone, and 
bromo- and chloro-derivatives (Chat- 
taway and Parkes), 1310. 

^-Phenyl-lactic acids, optically active, 
configurations of (Clough), 2808. 

Pheny lmesitylbenzylmethylars onium 
bromide (Hunt and Turner), 2669. 

Phenylmesityldimethylarsonium iodide 
(Hunt and Turner), 2669.' 

Phenylmesitylmethylarsine (Hunt and 
Turner), 2669. 

Phenyl 4-methoxybenzyl diketone (Mal¬ 
kin and Robinson), 374. 

2- Phenyl-3-jP-methoxybenzylquinoxaline 
{Malkin and Robinson), 374. 

Phenyl a-metkoxy-/3-hydroxyvinyl ke¬ 
tone (Malkin and Robinson), 1192. 

Phenyl j 8 -methoxystyryl ketone (Mal¬ 
kin and Robinson), 372. 

3- Phenyl-2-methylbenzo-y-pyrone, 7:8- 
c&hydroxy-, and its diaeetyl derivative 
(Baker), 2357. 

2-Phenyl-4-methyibenzopyrylinm salts, 
5:7-*&hydroxy- (Walker and Heil- 
bron), 687. 

I-Fhenyl-5-methylbenzthiazole, 4 
amino-, bromination of (Hunter), 
1318. 

a-Phenyl-£-methylbutane, £-brom o-, 

preparation of (Tkotman), 91, 

j 8 -Phenyl- 7 -methylbiitylene / 8 y-glycol, 
synthesis of (Roger), 522. 

P|/-Phenyl-iV-methyldiveratrofsoharm- 
yrine, and its methiodide (Armit and 
Robinson), 1613. 

1- Phenyl-4-methylgly oxaline, 2-thiol - 
(Burtles, Pyman, and Roylanoe), 
589. 

2- Phenyl-l-methylglyoxaline, and 2-p- 
nitro-, and their salts and derivatives 
(Balaban and King), 2710. 

4- Phenyl-l-methylglyoxaIine, 5 -bromo 
and its picrate (Forsyth and Py- 
man), 576. 

Phenylmethyliodoarsine, _p-bromo- 
(JEtuNT and Turner), 2670. 

a-Phenyl-j3*methylpropane, jB-bromo- 
(Trotman), 94. 

0 -Phenyl-£-me thyIpropane, ay-dftbr omo 
a-bromo- 7 -hydroxy-, and its acetyl 
derivative, and . ef-chloro- 7 -hydroxy- 
(Mills and Bains), 2504. 

^-Fhenyl-^methylpropane-c^-diol, and 
its diacetate (finis and Bains), 2503. 


Phenylmethylsulphone, derivatives 01 , 
and 3- and 4-bromo-, and 3-nitro- 
(Twist and Smiles), 1250. 

Pheny lmethylsulphone, 4 -mono-, and 
2:5-cfa'-chloro- (Miller and Smiles), 
231. 

Phenyl-a-naphthylacetonaphthone (Mc¬ 
Kenzie and Tattersall), 2529. 

Phenyl-a-naphthylacetone (McKenzie 
and Tattersall), 2528. 

Phenyl-a-naphthylacetyl chloride (Mc¬ 
Kenzie aud Tattersall), 2527. 

Phenyl- a-naphthylchloroacetyl chloride 
(McKenzie and Tattersall), 2526. 

r-Phenyl-a-naphthylglycollic acid, con¬ 
version of, into ketones, and its silver 
salt (McKenzie and Tattersall), 
2522. 

Pheny 1-a-naphthylmethyl ^-tolyl ketone 
(McKenzie and Tattersall), 2529. 

a-Phenyl- 7 -pentanol. See /bPhenyl- 
ethylethylearbiuol, 

2-Phenylphenanthriminazole, and 2 ' 
nitro- (Sircar and Ray), 1048. 

2- Phenylphenanthroxazole, 2'-hydroxy-, 
and 2'- and 3'-nitro- (Sircar and 
Ray), 1049. 

Pheny l-/?-phenylethylcarbinol, resolu¬ 
tion and rotation of, and its salts and 
esters (Hewitt and Kenyon), 1098. 

jB-Fhenylpropane, a 7 -cfo’bromo- (Mills 
and Bains), 2505. 

3 - Phenylc 7 /cfopropane-l: 2 -dicarboxylic 
acid, 1-broino-, methyl esters (Haerdi 
and Thorpe), 1243. 

Phenylc^c/opropanetricarboxylic acid, 
ethyl ester (Haerdi and Thorpe), 
1246. 

j 8 -Phenylpropionie acid, £-bromo-, am¬ 
monium and diethylammonium 
salts (Senter and Ward), 1849. 
2 : 6 -d&hydroxy- (Chapman and Ste¬ 
phen), 891. 

0-Phenylpropionic acids, jff-bromo-, con¬ 
version of, into £-hydroxy-j8-phenyl- 
propionamides (Senter and Ward), 

jS-Phenylpropionic anhydride (Robinson 
and Shinoda), 1976. 

Pheny Ipropionylacet one, and its 
copper salt (Morgan and Jones), 
2619. 

Phenyl-n-propylbenzoyl-Z-ecgonine, and 
its hydrochloride (Gray), 1156. 

7 -Phenyl-n-propylmalonic acid (Jones 
and Pyman), 2597. 

Phenyl-4-pyridylacetic acid* sodium 
salt (Singh), 2448. 

Phenyl-4-pyridylpyruvic acid, and its 
derivatives (Singh), 2448. 

Phenylpyruvic acid, and its ethyl ester 
^-tolylhydrazones (Walker), 1862. 
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Phenylselenoglyeollic acid, and p- 
bromo-, and its bromides (Morgan 
and Porritt), 1757. 
Phenylselenoxyglycollic acid, p-bromo- 
(Morgan and Porritt), 1758. 
2-Phenyl-4-styrylbenzopyrylium chlor¬ 
ide, 4':5:7-Miydroxy- (Walker and 
Heilbron), 587. 

Phenylsulphur chloride, 2:5-bichloro- 
(Miller and Smiles), 230. 
Phenylthioearbamic acid, esters (Birch 
and Norris), 904. 

Phenyl-|7-tolyldimethylarsoninm. iodide 
(Hunt and Turner), 2668. 

Phenyl tolylmethane, ?no?iochloro- (Sil- 
berrad), 2584. 

Phenyl-^-tolylmethylarsine (Hunt and 
Turner), 2668. 

Phloroglucinol, and its trimetliyl ether, 
absorption spectra of (Morton and 
Rogers), 2700. 

Phosphorns tfnbromide and oxychloride, 
surface tension and density of 
(Sugden, Keep, and Wilkins), 
1538. 

inehloride, hydrolytic decomposition 
of (Mitchell), 386. 

2 ?e?ztacMoride, electrical conductivity 
of (Holroyd, Chadwick, and 
Mitchell), 2492. 

inoxide, spectrum of glowing (Eme- 
lEus), 1362. 

pentoxide, purification of (Whitaker), 
2219. 

Phthalaldehyde 1-oxime, derivatives of 
(Griffiths and Ingolp), 1704. 
Phthalamic acid, ammonium salt, and 
4 r 5 -bibroino-, and its derivatives 
(Chapman and Stephen), 1793. 
Phthalamio acids, preparation of, and 
their conversion into anthranilic acids 
(Chapman and Stephen), 1791. 
Phthalic acid, eamphoryl hydrogen 
esters (Forster ana Shukla), 
1859. 

thallous salt (Christie and Menzies), 
2370. 

l:2-Phthalide-4-acetic acid, and its 
amide (Perkin and Stone), 2288. 
Fhthal-2-nitro-jo- 1 oluidic acid (Brady, 
Quick, and Welling), 2267. 
Phthalobenzylamic acid (Holmes and 
Ingold), 1810. 

Phthal-p-tolil, nitration of (Brady, 
Quick, and Welling), 2264. 
Fhthal-p-tolil, tetrachloro-, and 3-nitro- 
(Brady, Quick, and Welling), 2267. 
Physostigmine. See Eserine. 
Picrylbenzs^/^aldoxime (Brady and 
Klein), 846. 

Picrylcinnam.^^aldoxime (Brady and 
Klein), 847. 


Picryl-^-dimethylaminobenz^/Tialdoxiine 

(Brady and Klein), 847. 

Picrylmethoxybenzs^?ialdoximes(BRADY 
and Klein), 846. 

Picryl-3-methoxy-4-picryloxybenzs2/%. 

aldoxime (Brady and Klein), 847. 

Picryl-3:4-methylenedioxybenzsy?i- 
aldoxime (Brady and Klein), 846. 

Picrylnitrobenzsyzialdoximes (Brady 
and Klein), 846. 

Pilocarpidine, constitution of (Burtles, 
Pyman, and Roylance), 581. 

and rso-?ieoPiloearpines (Burtles, 
Pyman, and Roylance), 584, 

Finns pimvilio and sylvestris,- constituents 
of oils from (Rao and Simonsen), 2497. 

Piperonylideneoxindole, 6 '-amino-, and 
its methosulphate (Armit and Robin¬ 
son), 1612. 

Piperonylidene- 7 -piperonylpropylamine 
(Baker and Robinson), 1429. 

j3*Piperonylpropionic acid, 6 -nitro- 
(Baker and Robinson), 1428, 

^3-Piperonylpropionitrile, and 6 -nitro- 
( Baker and Robinson), 1424. 

7 -Piperonylpropylamine, and its deriva¬ 
tives (Baker and Robinson), 1428. 

7 -Piperonylpropyltrimethylammonium 

iodide (Baker and Robinson), 1429. 

Piperonylsuccinic anhydride (Baker 
and Lapworth), 566. 

Plants, cuticle of (Legg and Wheeler), 
1412. 

Platinum, adsorption of metals by 
(Maxted), 73. 

adsorption of water on surfaces of 
(McHaffie and Lenheii), 1559. 
catalysis of the decomposition of 
hydriodic acid by (Hinshelwood 
and Burk), 2896. 

Polarity, theories of (Burkhardt and 
Lapworth), 1742. 

in relation to four-membered rings 
(Burkhardt, Lapworth, and 
Walkden), 2458. 

and optical activity of substituent 
groups (Rule and Smith), 2188. 
of surfaces, measurement of (Adam, 
Morrell, and Horrish), 2793. 
and angles of contact of solid surfaces 
(Adam and Jessop), 1866. 

Potassium chloride, electrical con¬ 
ductivity of, in water and in 
acetone-water mixtures (Brownson 
and Cray), 2923. 

bichromate, melting and transition 
points of (Robinson, Stephenson, 
and Briscoe), 547. 

nitrate, equilibrium of, with barium 
and lead nitrates and water (Glas- 
stone and Riggs), 2846. 
chlororuthenates (Briggs), 1042. 
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Precipitation of hydroxides, electro¬ 
metric study of (Britton), 2110, 
2120, 2142, 2148. 

cyc^Propane series, three-carbon tauto- 
merism in (Goss, Ingold, and 
Thobpe), 460. 

q/c?<?Propane-l:2-dicarboxylic acid, 
1 -bromo-, methyl ester, and 1 -iodo- 
(Ing and Perkin), 2394. 

cyclop ropene compounds, influence of 
phenyl groups on the formation of 
(Haerdi and Thorpe), 1237. 

Fropiolie acid, preparation of, and its 
methyl ester (Ingold), 1202. 

Fropionacetal, a-amino- (Burtles, 
Pyman, and Roylance), 586. 

o-Propionacetalylphenylthiocarbamide 
(Burtles, Pyman, and Roylance), 
588/ 

Propionic acid, a-bromonitro-, a-chloro- 
nitro-, and a-nitro-, ethyl esters, 
and hydrazine derivative of the 
latter (Macbeth and Traill), 
897. 

j 8 *chloro-, nitrile of, and its reaction 
with resorcinol (Chapman and 
Stephen), 888. 

Propyl mercaptan, 7 -hydroxy-, mer- 
captide of (Bennett and Hook), 
2673. 

m>Fropyl mercaptan, and its derivatives 
(Birch and Norris), 904. 

isoPropyl-w-butylmalonic acid (Jones 
and Pyman), 2597. 

a-isoFropyl-w-hexoic acid, and its amide 
(Jones and Perkin), 2597. 

3~n- and -iso-Propylpropionylacetones, 
and copper salt of the former (Mor¬ 
gan and Corby), 2616. 

%-Propylvinylcarbinol, resolution and 
rotation of, and its salts and esters 
(Kenyon and Snellgrqvb), 1176. 

Prototropy (Lowry), 1382. 

Pungency and chemical constitution of 
acid amides (Jones and Pyman), 
2588. 

Pyridine, distribution of, between water 
and benzene (Woodman and Cor¬ 
bet), 2461. 

nucleus, fission of, during reduction 
(Shaw), 215. 

4-Pyridone, 3-amino-, 3-nitro-, 3:5*<&'- 
nitro-, and 3-nitro-5-amino-, and their 
salts (Crowe), 2028. 

2-a-4rPyridylben2yl-3-quinoxalone 
(Singh), 2449, 

Pyrocinehonic anhydride (Ingold), 
396. 

Pyrylium salts, synthesis of (Pratt and 
Robinson), 166,1128,1182; (Malkin 
and Robinson), 1190. 


q. 

Quercetin, and its methyl ether and 
their tetra-acetyl derivatives (Kubota 
and Perkin), 1894. 

Quinaldine alkyliodides, condensation 
of, in presence of bases (Mills and 
Raper), 2466. 

4-Quinazolones, reactivity of the 
2 -methyl group in (Heilbron, Kit¬ 
chen, Parkes, and Sutton), 2167. 

Quinhydroneg, reduction potentials of 
(Biilmann, Jensen, and Pedersen), 
199. 

Quinizarin, alkali derivatives (Sidgwick 
and Brewer), 2386. 

Quinol ethers, substitution in derivatives 
of (Rubenstein), 1998. 

isoQuinoline derivatives (Forsyth, 
Kelly, and Pyman), 1659. 
synthesis of (Haworth, Perkin, and 
Pink), 1709 ; (Haworth and 
Perkin), 1434, 1448, 1453 ; (Ha¬ 
worth, Perkin, and Rankin), 
1444. 


R. 

Rays, Rontgen, investigation of normal 
hydrocarbons by means of 
(Muller and Saville), 699. 
investigation of saturated aliphatic 
ketones by means of (Saville 
and Shearer), 591. 

Reduction potentials of quinhydrones 
(Biilmann, Jensen, and Pedersen), 
199. 

Research, chemical, universities as 
centres of (Wynne), 936. 

Resorcinol methyl ether, thallous salt 
(Christie and Menzies), 2373. 
derivatives, substitution in (Rao, 
Srikantia, and Iyengar), 556. 

Resorcinol, 4:6-dmitro-, colorimetric 
dissociation, constants of (Laxton, 
Prideaux, and Radford), 2499. 

Rings, four-membered, additive form¬ 
ation of (Ingold and Weaver), 
378 ; (Ingold), 1141. 
polarity in relation to (Burkhardt, 
Lapworth, and Walkden), 2458. 

Rotatory dispersion. See Dispersion, 
power and chemical constitution 
(Kenyon, Phillips, and Turley), 
399 ; (Hewitt and Kenyon), 1094 ; 
(Kenyon and Snellgrovb), 1169 ; 
(Phillips), 2552. 

Rottlerin, and its derivatives (Dutt), 
2046. 

Ruthenium, co-ordination number of, in 
the chloromthenates (Briggs), 1042. 
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s. 

Salicylaldehyde, condensation of methyl 
ethyl ketone with (McGookin and 
Sinclair), 2542. 

lithium and sodium derivatives (Sidg- 
wick and Brewer), 2385. 

Salicylic acid, heat of combustion of 
(Berner), 2747. 

equilibrium of phenol, water, and 
(Bailey), 1951. 

methyl ester, lithium derivative 
(Sidgwick and Brewer), 2384. 

Salts, bi-bivalent, solubility of, in 
solutions containing a common ion 
(Walker), 61. 

complex, in aqueous solutions (Pat¬ 
terson and Duckett), 624. 

See also Metallic salts. 

Salt solutions, aqueous, surface tension 
and activities of (Goard), 2451. 

Saponification of esters, effect of emul¬ 
sifiers on (Smith), 2602. 

Selenium, catalytic chlorination by (0. 
and C. A. Silberrad), 2449. 

Selenic acid, hydrated double salts of, 
and their dissociation pressures 
(Ferguson), 2096. 

Selenious acid, dissociation constants 
of (Willcox and Prideaux), 1543. 

Semicarbazones, action of amines on 
(Wilson and Crawford), 103. 

Semioxamazide, derivatives of (Wilson 
and Pickering), 965. 

Sesquiterpenes, action of formic acid on 
(Robertson, Kerr, and Henderson), 
■1944. 

Shale oil, Kimmeridge, sulphur com¬ 
pounds of (Challenger, Jinks, and 
Haslam), 162. 

Silicon dioxide (silica), action of, on 
electrolytes (Joseph and Oakley), 
2813. 

Silver azide, action of bromine on 
(Spencer), 216. 

chloride, photochemical decomposition 
of (Hartung), 2691. 
hydroxide, electrometric precipitation 
of (Britton), 2148. 
nitrate, electrometric studies of the 
reactions of, with alkalis (Britton), 
2956. 

sulphate, equilibrium of aluminium 
sulphate, water, and (Caven and 
Mitchell), 2550. 

Soap boiling, equilibria in (McBain and 
LAngdon), 852. 

-solutions, constitution of, in presence 
of electrolytes (Quick), 1401. 

Sodium azide, action of bromine on 
(Spencer), 216. 


Sodium chloride, interaction of alumina 
and (Clews), 735. 

hydroxide, equilibrium of sodium 
sulphite, water, and (Hammick and 
Currie), 1623. 

hypobromite, reaction of carbamide 
with (Donald), 2255. 
hypochlorite, action of, on sulphur 
compounds (Birch and Norris), 
1934. 

sulphides, reactions of, with chloro- 
nitrobenzenes (Hodgson and Wil¬ 
son), 440. 

sulphite, equilibrium of sodium hydr¬ 
oxide, water, and (Hammick and 
Currie), 1623. 

sulphoxylate (Yogel and Parting¬ 
ton), 1522. 

Sodium organic compounds :— 

Sodium ethyl sulphoxylate (Vogel 
and Partington), 1522, 

Solids, angles of contact and polarity 
of the surfaces of (Adam and Jessop), 
1863. 

Solubility (Glasstone and Pound), 
2660. 

of bi-bivaleot salts in solutions con¬ 
taining a common ion (Walker), 
61. 

Solutions, aqueous, determination of 
complex salts or ions in (Patterson 
and Duckett), 624. 

Solvents, selective action of (Wright), 
2334. 

mixed, velocity of reaction in (McCom- 
bie, Roberts, and Scarborough), 
753. 

Spectra of explosive mixtures of oxygen, 
nitrogen, and acetylene (Garner 
and Saunders), 77. 
absorption, effect of various nuclei on 
(Purvis), 2771. 

of aldehydes and ketones (Purvis), 
9. 

in relation to lactam-lactim tauto- 
merism (Morton and Rogers), 
2698. 

Tesla-luminescence (McVickeb 
Marsh, and Stewart), 999. 

Starch, studies on (Ling and Nanji), 
629, 636, 652, 

compound of iodine with (Murray), 
1288. 

Stearaldehyde y-nitrophenylhydrazone 
(Stephen), 1876. 

Stearic acid, dihydroxy-, oxidation of 
(Lapworth and Mottram), 
1987. 

conversion of oleic acid into (Lap- 
worth and Mottram), 1628. 

Stearoylacetone, and its copper salt 
(Morgan and Holmes), 2895. 
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Stilbene, 4-iodo-2-nitro-, and 2:4-^'- 
nitro* 2'-hydroxy- (Gulland and 

Robinson), 1502. 

Stilbenediazonium hydrogen sulphate, 
nitro- (Gulland and Robinson), 1502. 

Strychnine (Lions, Perkin, and 

Robinson), 1158. 

Styryl alkyl ketones, isomerism of 
(McGookin and Sinclair), 2539. 

Styrylbenzopyrylium salts (Walker 
and Heilbkon), 685; (Heilbron, 
Walker, and Buck), 690. 

Styryldichloroarsine, o-chloro- (Hunt 
and Turner), 998. 

2-Styrylchromone, 3:7-di- and 3:5:7 -tri- 
hydroxy- (Robinson and Shinoda), 
1975. 

2- Styry Ichromonol, synthesis of deriv¬ 
atives of (Robinson and Shinoda), 
1973. 

Styryl ethyl ketone, 2-hydroxy- (Mc- 
Gookin and Sinclair), 2542. 

Styryl w-hexyl ketone, 2-hydroxy- 
(McGookin and Sinclair), 2543. " 

2-Styry 1-4-methylbenzopyrylimn chlor¬ 
ide, 4':7-di- and B'^'tf-tfn-hydroxy- 
(Heilbron, Walker, and Buck), 692. 

Styryl methyl ketone (benzylidene- 
aaeton-e), absorption spectra of 
(Purvis), 11. 

Styryl methyl ketone, a-thiocyano-, and 
its dibromide (Challenger and 
Bott), 1040. 

2-Styryl-1-methyl-4-quinazolone 
(Heilbron, Kitchen, Parkes, and 
Sutton), 2172. 

Styryl %-propyl ketone, 2-hydroxy- 
(McGookin and Sinclair), 2542. 

Substance, C 14 H 17 0 2 N, from dehydro- 
eseretholemethine methiodide and 
silver oxide (Stedman and 
Barger), 255. 

C a4 H 22 N 2 , from l-methyl-2-methylene- 
1:2-dihydro-j8-naphthaquinoline 
and ji>-dimethylaminobenzaldehyde 
(Mills and Raper), 2472. 
C 2 5H 2 4^2j from l-ethyl-2-methylene- 
l:2-dihydro-#-naphthaqumoline 
and jfl-dimethylaminobenzaldehyde 
(Mills and Rarer), 2472. 

Substitution in aromatic compounds, 
influence of «-methoxy vinyl 
groups in (C. K. and 5S. fi. 
Ingold), 870. 

directive influence of nitrogen and 
oxygen atoms in (Holmes and 
Ingold), 1800. 

influence of nitroso-groups in 
(Infold), 513. 

in the benzene nucleus* influence of 
nitro-groups on (Kenner, Tod, 
and Witham), 2843. 


Succinic acid, dissociation constants of 
(Britton), 1906. 

alkaline earth salts, solubilities of 
(Walker), 62. 

thallous salt (Christie and Menzies), 
2370. 

Succinic acids, substituted, syntheses of 
(Baker and Lapworth), 560. 

Succin-2-nitro-jo-toluidio acid (Brady, 
Quick, and Welling), 2267. 

Succin-p-tolil, nitration of (Brady, 
Quick, and Welling), 2264. 

Sugars, effect of amphoteric solvents 
on mutarotation of (Lowry and 
Faulkner), 2883. 

nitrates of, and their transformations 
(Oldham), 2840. 

constitution of the monocarboxylic 
acids derived from (Pryde, Hirst, 
and Humphreys), 348. 

Sulphoacetic acid, chloro-, preparation 
and resolution of, and its salts 
(Backer and Burgers), 233. 

Sulpho-10-ethylphenoxarsine oxide 
(Aeschlimann), 814. 

l-^-Sulphophenyl-3-methyl-5-pyrazol- 
one, preparation of (Reeves), 911. 

Sulphophenyl-a-naphthylmethylarsine 
oxide (Aeschlimann), 813. 

Sulphur, interaction of nitrogen sulphide 
and (Usher), 730. 

Sulphur compounds, action of sodium 
hypochlorite on (Birch and 
Norris), 1934. 

in petroleum (Birch and Norris), 
898. 

Sulphuryl chloride, researches on (0. 
and C. A. Silberead and Parke), 
1724; (Silbrrrad), 2677. 
surface tension and density of 
(Sugden, Reed, and Wilkins), 
1539. 

Thionyl chloride, surface tension and 
density of (Sugden, Reed, and 
Wilkins), 1539. 

Sulphur cf/oxide, solubility of, iu water, 
and in solutions of potassium 
chloride and sodium sulphate 
(Hudson), 1332. 

s^wfoxide (Vogel and Partington), 
1514. 

Sulphuric acid, partial pressures oi 
water vapour and sulphuric acid 
vapour over concentrated solutions 
of (Thomas and Barker), 2820* 
Hydrogen sulphites, combination of 
ethylenic hydrocarbons with 
(Kolker and Lapworth), 307. 
Thionic acids, constitution of (V ogel), 
2248. 

Thiosulphates, organic, reactions of 
(Footner. and Smiles), 2887, 
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Surface tension, determination of | 
(Goard and Rideal), 780. 
of geometric isomerides (Sugben and 
WHITTAKER), 1868. 
of aqueous salt solutions (Goard), 
2451. 

of aqueous solutions of organic com¬ 
pounds (Edwards), 744. 

Sylvestrene, occurrence of (Rao and 
Simonsen), 2494. 

Symmetry, tetrahedral and octahedral, 
tridentate groups in (Smith), 1682. 
Systems, associated alieyclic, formation 
and stability of (Farmer and Ross), 
2358, 

T. 

Tagetes glanduliferct ,, terpene ketones 
from the volatile oil of (Jones and 
Smith), 2530. 

Tagetone, and its derivatives (Jones and 
Smith), 2538. 

Tartaric acid, dissociation constants of 
(Britton), 1905. 

rotatory dispersion of derivatives of 
(Austin and Park), 1926. 
teZrathallium salt (Christie and 
Menzies), 2371. 

Tautomerism and additive reactions 
(Ingold), 469. 

of dyads (Ingold), 1199 ; (Griffiths 
and Ingold), 1698. 
lactam-lactim, in relation to absorp¬ 
tion spectra (Morton and Rogers), 
2698. 

ring-chain (Ron, Smith, and Thorpe), 
567 ; (Baker), 985 ; (Rothstein, 
Stevenson, and Thorpe), 1072. 
three-carbon (Ron , and L instead), 

. 616, 815. 

in the o/cZcpropane series (Goss, 
Ingold, and Thorpe), 460. 
Tellurium tetrachloride, interaction of 
acetic anhydride with (Morgan 
and Drew), 531. 

reactions of, with aryl alkyl ethers 
(Morgan and Drew), 2307, 
reactions of ketones with (Morgan 
and Elvins), 2625. 

Tellurium organic compounds:— 
Tellurium alkyl and aryl ketones, 
and their halides (Morgan and 
Elvins), 2627. 

O-ethylditeobutyrylraethane tri¬ 
chloride (Morgan and Taylor), 
804. 

w-nonoylacetone trichloride (Mor¬ 
gan and Taylor), 806. 
Telluridiacetic acid, c^chloro- 
(Morgan and Drew), 534. 
ci/cZoTelluripentanedione ^'chlorides 
(Morgan), 2611. 


Tellurium organic compounds 

Tellurodiacetic acid, and its salts 
(Morgan and Drew), 535. 

Tetra-acetyl glucose, and its 6-nitrate 
(Oldham), 2843. 

Tetra-acetyl glucoside (Craik and 
Macbeth), 1639. 

Tetra-anhydrotetrakisdiphenylgem- 
anediol (Morgan and Drew), 1766. 

Tetrabenzylmethane (Trotman), 94. 

w-Tetradecoylacetone. See Myristoyl- 

acetone. 

Tetraethylmethane. See 3:3-Diethyl- 
pentane. 

Tetrahydroberberine,6-nitio- (Haworth 
and Perkin), 1451. 

Tetrahydroquinazoline-2:4-dione, 

3-amino-, derivatives of (Wilson and 
Orawford), 108. 

Tetxakistrimethylstibinepalladous 

chloride (Morgan and Yarsley), 
190. 

Tetrakistrimethylstihineplatinous salts 
(Morgan and Yarsley), 187. 

«w:3:4:5-Tetramethoxy acetophenone, and 
its semicarbazone (Pratt and Robin¬ 
son), 173. 

6:7:2':3'-Tetramethoxy-2-benzoyl-l:2- 
dihydroteoquinoline, 1-cyano- (Ha¬ 
worth and Perkin), 1442. 

6:7:2':3'-Tetramethoxy-2-benzyl-l:2- 
dihydroteoqoinoline, 1-cyano- and 
1-hydroxy- (Haworth and Perkin), 
1438. 

e.^S'^'-Tetramethoxy-S-benzyl-l:#- 
dihydroteoquinoline, 1-cyano- and 
1-hydroxy- (Haworth, Pebkin, and 
Rankin), 1445. 

Gtf^^S'-Tetramethoxy-S-benzyl-Srd- 
dihydroisoqninolinlum iodide (Ha¬ 
worth and Perkin), 1439. 

6:7:3':4'-Tetramethoxy-2-benzyl-3:4- 
dihydrotenqninolinium salts (Ha¬ 
worth, Perkin, and Rankin), 1446. 

6:7:2':3 / -Tetramethoxy-2-benzyl-3:4- 
dihydro-l-teoquinolone (Haworth 
and Perkin), 1440. 

GiTiS'iS'-Tetramethoxy-S-benzyl- 
l-methyl-l:2:3:4-tetrahydroteoqnmo- 
line, and its picrate (Hawortii and 
Perkin), 1442. 

etf^S'-Tetramethoxy-S-benzyl- 

l-nitromethyl-l:2:3:4-tetrahydro?so- 

quinoline (Haworth and Perkin), 
1440. 

6:7:3':4'-Tetramethoxy-2-benzyl- 
l-nitromethyl-l:2:3:4-tetrahydro?so- 
quinoline (Haworth, Perkin, and 
Rankin), 1447. 

6:7:3‘':4'-Tetramethoxy-2'benzyl-I-teo- 
quinoline (Haworth, Perkin, and 
Rankin), 1446. 
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etfiS'iS'-Tetramethoxy-S-benzyliso- 
quinolinium bromide and iodides 
(Haworth and Perkin), 1437. 

e^S'^'-Tetramethoxy^-benzyHso- 
quinolinium bromide and iodide 
(Haworth, Perkin, and Rankin), 
1445. 

6:7:2':3VTetramethoxy-2-benzyl-l-&<>- 
quinolone (Haworth and Perkin), 
1439. 

6:7:2':3'-Tetramethoxy-2-benzyl- 
l:2:3:4-tetrahydjotsoquinoline, and 
1-eyano-, and 1-hydroxy-, and its salts 
(Haworth and Perkin), 1439. 

6:7:3^4VTetramethoxy-2-benzyl-l :2:3:4- 
tetrahydroisoquinoline, and 1-cyano-, 
and 1-hydroxy- (Haworth, Perkin, 
and Rankin), 1446. 

6:7:2': 3'-Tetramethoxy-2-benzyl-l :2:3:4- 
tetrahy dro iwquinoline -1 - c arboxyl- 
amide (Haworth and Perkin), 
1443. 

5:7:2':4'-Tetramethoxyflavyliuin salts 
(Pratt and Robinson), 1134. 

3;7:3 / :4 / -Tetrametlioxy-5-]iydroxy-2- 
styrylchromone (Robinson and Shi- 
noda), 1979. 

Tetramethylene sulphide, and its deriv¬ 
atives (Thierry), 2758. 

Tetramethyl galactonamide (Pryde, 
Hirst, and Humphreys), 353. 

Tetramethyl galactonolaetones (Pryde, 
Hirst, and Humphreys), 352. 

Tetramethylglucose, mutarotation of, in 
various solvents (Lowry and Rich¬ 
ards), 1385. 

3:3':4':5'-Tetramethylmyrieetin, and its 
diacetyl derivative (Kalpf and Robin¬ 
son), 183. 

1: 3:4:6-Te fcr apheny 1-1:4-&ihy dr o -1:2:4:5- 
tetrazine, l:4-<ft-jp-bromo- and l:4-«- 
2':4'-teZrabromo- (Chattaway and 
Walker), 982. 

Tetraphenylgermane (Morgan and 
Drew), 1762. 

Thallium compounds, use of, in organic 
chemistry (Christie and Menzies), 
2369. 

Thiocyanic acid, nitrobenzyl esters 
(Footner and Smiles), 2890. 

Thioeyanogen, action of, on nnsatuxated 
compounds (Challenger and Bott), 
1089. 

** Thioindican, ” synthesis of (Craik and 
Macbeth), 1637. 

Thionic acids. See under Sulphur. 

Thionyl chloride. See under Sulphur. 

Thiosulphates. See under Sulphur. 

Thorium hydroxide, electrometric pre¬ 
cipitation of (Britton), 2110. 

Thyroxin, relation of tryptophan to 
(Hicks), 771. 


Tin hydroxide, electrometric precipit¬ 
ation of (Britton), 2120. 
o- and y?-Tolualdehydes .p-nitrophenyl- 
hydrazones (Stephen), 1877. 

Toluene, catalysis of the chlorination of 
(O. and C. A. Silberrad and 
Parke), 1724. 

mercuration of (Coffey), 1029. 
Toluene, preparation of poZychloro- and 
chloronitrc-derivatives of (Silber¬ 
rad), 2677. 

4-chloro-2:3-cfonitro- (Kenner, Tod, 
and Witham), 2348. 
o-nitro-, ‘ dielectric constant of 
(Harris), 1067. 

^mitro-derivatives, ionisation of, in 
liquid ammonia (Field, Garner, 
and Smith), 1229. 

tfrinitro-, equilibrium of naphthalene 
and, in nitrobenzene (Brown), 345. 
jtf'Tolueneazoallylformaldoxime 
(Walker), 1861. 

p-Toluenesulphinic acid, and its deriv¬ 
atives, and their rotation (Phillips), 
2568. 

i?-Toluenesulphonhenzylamide ( Holmes 
and Ingold), 1812. 
p-Toluenesulphonbenzylmethylamide 
(Holmes and Ingold), 1813. 
i?-Toluenesulphonic aeid, glyceryl ester 
(Fairbourne and Foster), 2762. 
^-a^-Toluenesulphonoxypropionic acid, 
and its ethyl ester and amide, rotatory 
power and reactions of (Kenyon, 
Phillips, and Turley), 411. 
Toluene-^-sulphonyl-jS-jo-anisidinopro- 
pionic acid (Clemo and Perkin), 

2305. 

Toluene-^-sulphonylbenzylaminoacetic 
acid, and its ethyl ester (Clemo and 
Perkin), 2307. 

Toluene-^-sulphonyl-,8-^-phenetidino- 
propionic acid (Clemo and Perkin), 

2306. 

Toluene-j5‘Sulphonyl-£-toluidinopro- 
pionic acids (Clemo and Perkin), 
2302. 

4-Toluenethiolsulphonic acid, 2-nitro- 
phenyl ester (Miller and Smiles), 
229. 

Tolnidines, chloronitro-, and their acetyl 
derivatives (Kenner, Tod, and With¬ 
am), 2346. 

fi-o- and -?7i-Toluidinobenzylmalonic 
acids, ethyl esters (Wayne and Co¬ 
hen), 455. 

fi - m - and -y-Toluidinobenzylmalonic 
acids, methyl esters (Wayne and 
Cohen), 459, 

Toluidinomethylbenzthiazoles, and di- 
bromo-, and their derivatives 
(Hunter), 2026. 
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£-o-Toluidinopropiono -o-toluidi&e 
(Clemo and Perkin), 2308. 
1-m-Toluidino-w-toluthiazole, and its 
derivatives (Hunter), 2027* 
Toluquinone, action of azides on (Chat- 
taway and Parkes), 1307. 
m-Tolyl methyl ether, 4-chloro-6-nitro- 
(Kenner, Tod, and Witham), 2348. 
#-Tolyl methyl ether, 2-amino-, and 
5-bromo-2-amino-, 2-acetyl derivatives 
(Griffith and Hope), 992. 
^-Tolylacetaldehyde ^-nitxophenyl- 
hydrazone (Stephen), 1877. 
W-^-Tolylbenzimino-p-tolyl ether (Chap¬ 
man), 1998. 

o-Tolylcycfoiminotoluquinone (Chatta- 
way and Parkes), 1310. 

#-Toly Ime thy lethylarsine (Mills and 
Raper), 2481. 

jp-Tolylmethyliodoarsine (Mills and 
Raper), 2481. 

m-Tolyloxide, thallous salt (Cheistie 
and Menzies), 2378. 
i>Tolylselenoglycollic acid, and its 
bromides (Morgan and Poeeitt), 
1758. 

p-Tolylselenoxyglycollic acid (Moegan 
and Poeeitt), 1768. 
2:4:6-Triacetoxybenzaldehyde ( Peatt 

and Roeinson), 1184. 

Triacetyl methylglucoside, and its 
derivatives (Oldham), 2843. 
Trianhydrotetrakisdiphenylgermanediol 
(Morgan and Drew), 1766. 
n-Tr idecoylacetone, and its copper salt 
(Morgan and Holmes), 2894. 
Triethyl phosphate, surface tension and 
density of (Sugden, Reed, and Wil¬ 
kins), 1539. 

Triethylcarbinyl iodide (Morgan, Car- 
tee, and Duck), 1253. 

Triethylene bisulphide, supposed, true 
nature of (Bennett and Beery), 910. 
Triethylphosphine, reactions of (Collie), 
964. 

3':4':5-Trimethoxybenzil, Z ' A - di - and 
2:4;6-bi-hydroxy-, and their acetyl 
derivatives (Marsh and Stephen), 
1637. 

Trimethoxyglutardiamide (Hirst and 
Robertson), 362. 

3;7:2'-Trimethoxy-5-hydroxyflavone 
(Kalff and Robinson), 1971. 
3':5:7-Trimethoxy-4'-hydroxy-2-phenyl- 
4-styrylbenzopyrylium chloride 
(Walker and Heilbron), 6S9. 
Trimethoxy- 5 -wio 7 io- and -5:7-bf-hydr- 
, oxy-2-styrylchromones (Robinson and 
Shinoda), 1978. 

Trimethyl 7 *arahinose, preparation and 
oxidation of (Baker and Haworth), 
368. 


Trimethyl arabonolactones (Pryde, 
Hirst, and Humphreys), 354. 

Trimethylene glycol bmitrophenyl 
ethers, and their derivatives (Fair- 
bourne and Foster), 2761. 

- Trim ethyl glut aro- 7 -lac tones, o- and 
cz'-hydroxy- (Rothstein, Stevenson,. 
and Thorpe), 1077. 

2:3*.5(or 2;3:4)-Trimethyl glucose, syn¬ 
thesis of (Irvine and Oldham), 
2729. 

2; 3:5-Trimethyl glucose l: 6 -bmitrate 
(Oldham), 2841. 

Trimethyl glycerol (Gilchrist and 
PUEVES), 2744. 

Trimethylglyoxalinium iodides, 4(5)- 
nitro- (Bhagwat and Pyman), 1834. 

ba?is-b-2:2:4-T:rimethykycfohexane-l- 
carhoxylic acid, 3-hydroxy-, and its 
methyl ester (Gibson and Simonsen), 
1302. 

b - 2:2:4-Tr imethylcyeZohexan- 3- one-1- 
carboxylic acid, and its derivatives 
(Gibson and Simonsen), 1294. 

Z-2:2:4-Trimethyl-A 3 -cycZ<?hexene-1- 
carboxylic acid, and its methyl ester 
(Gibson and Simonsen), 1302. 

Trimethyl 7 -methylarabinoside (Baker 
and Haworth), 367. 

Trimethyl «- and £-methylarabinosides 
(Hirst and Robertson), 360. 

Trimethyl methylglucoside (Irvine and 
Oldham), 2920. 

6--mononitrate (Oldham), 2841. 

Trimethylstibine, reactions of, with 
platinic and palladous chlorides 
(Morgan and Yarsley), 184. 

2: 4 : 6 -Trimethyk 2 /cZotelluripentane-S; 5- 
dione 1:1-bichloride (Morgan and 
Taylor), 800, 

2:4:6-Trimethylct/cZotelluropentane-S:5- 
dione, and its dioxime (Morgan and 
Taylor), 800. 

Trioxymethylene, action of, on mag¬ 
nesium phenyl bromide (Marshall), 
2188. 

Triphenyl phosphate, surface tension 
and density of (Sugden, Reed, and 
Wilkins), 1539. 

b- and Z-cwcjS-Triphenylethanols, £- 
amino-, camphorsulphonates of 
(McKenzie and Wills), 291. 

b- and Z-aa£-Triphenylethyl alcohols, 
jS-amino- (McKenzie and Wills), 290. 

Triphenylgermanium oxide and bromide 
(Morgan and Drew), 1762. 

2:3:3-Triphenylmethylene-l:2-oxaimine 
(Burkhardt, Lapworth, and Walk- 
den), 2458. 

aa/3 -Triphenyl-jS-methylethyl alcohol, 
£-amino- (McKenzie and Wills), 
292. 
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aajS-Triphenylpropylene aj3-glycol 
(Roger), 522. 

Tropic acid group, displacement reactions 
in (McKenzie and Strathern), 82. 

Trypanocidal action and chemical con¬ 
stitution (King and Murch), 2632 *, 
(Balaban and King), 2701. 

Tryptophan, relation of thyroxin to 
(Hicks), 771. 

Tungsten, catalysis of the interaction 
of hydrogen and carbon dioxide by 
(Hinshelwood and Prichard), 1546. 

Tungsten wire, electric explosion of 
(Briscoe, Robinson, and Stephen¬ 
son), 240. 

Turpentine, oxidation of organic com¬ 
pounds in (Walker), 1491. 


IT. 

Ulmins from coal (Francis and Whee¬ 
ler), 2236. 

/i-TJndecoylacetone, and its copper salt 
(Morgan and Holmes), 2893. 

Universities as centres of chemical re¬ 
search (Wynne), 936. 

Unsaturated compounds, formation of, 
from halogenated open-chain deriv¬ 
atives (In gold), 387 ; (Haerdi and 
Thorpe), 1237. 

polar and non-polar valencies in 
(Sugben, Reed, and Wilkins), 
1525. 

catalytic hydrogenation of (Lebedev, 
Kobliansky, and Yakubchik), 
417. 

action of thiocyanogen on (Chal¬ 
lenger and Bott), 1039. 

Uranium:— 

Uranic hydroxide, electrometric pre¬ 
cipitation of (Britton), 2148. 
Uranyl nitrate, oxidation of ethyl 
other to oxalic acid in presence of 
(Rowell and Bussell), 2900. 


V. 

Valency, influence of, on dissociation 
constants of dibasic acids (Spiers 
and Thorpe), 538, 

polar and non-polar, in unsaturated 
compounds (Suqden, Reed, and 
Wilkins), 1525. 

^-z’soValeryl-a-methylpropionic acid, 
and its derivatives (Jones and Smith), 
2536. 

Vanillin, thallous salt (Christie and 
Menzibs), 2373. 

Vanillylidenenitromethane, as an indica¬ 
tor (Rao, Srikantia, and Iyengar), 
560. 


VaniUylsnccinic acid, and its deriv¬ 
atives (Baker and Lapwortb), 564. 

Varnish surfaces, measurement of 
polarity of (Adam, Morrell, and 
Norrish), 2793. 

Velocity of benzylation of amines (Pea¬ 
cock), 2177. 

Velocity of reaction in mixed solvents 
(McCombie, Roberts, and Scar¬ 
borough), 753. 

Veratric acids, preparation of (Ed¬ 
wards, Perkin, and Stoyle), 197, 
198. 

/3-Veratrylacrylic acid, a-cyano- (Baker 
and Robinson), 1432. 

Veratrylaminoacetal (Forsyth, Kelly, 
and Pyman), 1665. 

1-Veratrylhydrohydrastinine, and 6'- 
amino- and 6'-nitro-, and their salts 
(Haworth, Perkin, and Rankin), 
2020 . 

Veratrylideneaminoacetal (Forsyth, 
Kelly, and Pyman), 1665. 

l-Veratryl-6:7-methylenedioxydihydro- 
isoquinoline niethiodide (Haworth, 
Perkin, and Rankin), 2020. 

Veratrylnorhydrohydrastinine, 6'- 
bromo-, and its salts, and formyl 
derivative and 6'-nitro- (Haworth 
and Perkin), 1450. 

£-Veratrylpropionic acid, a-cyano-, 
(Baker and Robinson), 1433. 

j8-Veratrylpropionitrile (Baker and 
Robinson), 1433. 

Vinylarsines, chloro- (Hunt and Tur¬ 
ner), 996. 

Violuric acid, absorption spectra and 
ionisation of (Morton and Tipping), 
2514. 

Volume, molecular, changes in, of 
monobasic fatty acids (Garner and 
Ryder), 720, 


W. 

Walden inversion (Kenyon, Phillips, 
and Turley), 399 ,* (Sentkr and 
Ward), 1847. 

Water, photosensitive formation of, in 
presence of chlorine (Horrish and 
Ribeal), 787. 

ionic activity of, in glycerol-water 
mixtures (Colvin), 2788. 
adsorption of, on surfaces of glass and 
platinum (McHaffie and Lenher) , 
1559. 

decomposition of, by 1 metallic couples 
(Hedges and Myers), 495. 
detection and estimation of, in methyl 
alcohol (Hartley and Raikes), 
526.' ' 
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2-m-Xylidmo-5-etlioxy-4:5-diIiydrc- 
thiazole, and its picrate (Nimkar and 
(Pyman), 2746. 


Y, 

Yttrium hydroxide, electrometric pre¬ 
cipitation of (Britton), 2142. 


Z. 

Zinc, allotropy of (Stockdale), 2954. 
effect of colloids on the displacement 
of lead and copper from their salts 
by (Gray), 776. 

Zinc hydroxide, electrometric precipita¬ 
tion of (Britton), 2120. 

Zirconium hydroxide, electrometric 
precipitation of (Britton), 2120. 



FORMULA INDEX. 


The following index of organic compounds of known empirical formula is arranged 
according to Richter's system (see Lexikon der Kohloistorf- VerUndwigm), 

The elements are given in the order 0, H, 0, N, 01, Br, I, F, S, P, and the 
remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus Ci group, 
C 2 group, etc.). 

Secondly, according to the number of other elements besides carbon contained in 
the molecule (thus 5 IV indicates that the molecule contains five carbon atoms and 
four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in 
the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) 
present in the molecule. 

Salts are placed with the compounds from which they are derived. The chlorides, 
bromides, iodides, and cyanides of quaternary ammonium bases, however, are registered 
as group-substances. 


Cj Group. 

ch 4 Methane, ignition of mixtures of air with (Wheeler), 14 . 

CC1 4 Carbon tetrachloride, dielectric constant of (Harris), 1065. 

1 II 

CHC1 S Chloroform, dielectric constant of (Harris), 1066. 

CH ft 0 Formaldehyde, vapour pressure of, in aqueous solutions (Blair and Led¬ 
bury), 26 , 2832 . 

CH 3 0 2 Formic acid, velocity of reaction of bromine with (Hammick, Hutchison, 
and Snell), 2715; action of, on sesquiterpenes (Robertson, Kerr, and 
Henderson), 1944. 

CH a Te a Ditelluromethane (Morgan and Drew), 537. 

CH 4 0 Methyl alcohol, preparation of pure (Hartley and Raikes), 524. 

CHgH Methylamine, detection of, in presence of ammonia (Valton), 40 . 

CNS Thiocyanogen, action of, on unsaturated compounds (Challenger and 
Borr), 1038. 

1 III 

CH 2 Cl 6 Te 2 Methylenebistelluritrichloride (Morgan and Drew), 536. 

CH 4 ON 2 Carbamide, reaction of sodium bypobromite with (Donald), 2255. 

1 V 

CH0 s CIBpS Chlorobromomethancsulphonic acid, optical activity of, and its salts 
(Read and McMath), 1572 . 

C 2 Group. 

CjH* Acetylene, explosion of mixtures of nitrogen and (Garner and Saunders), 77. 

2 II 

C,HA Oxalic acid, formation of, from ether, and its uranium salts (Rowell and 
Russell), 2900; dissociation constants of (Britton), 1905; tervalent 
molybdenum salts (Wardlaw and Parker), 1311; silver salt, decomposition 
of (Macdonald and Hinshelwood), 2764. 

■\ CjHtCI* Ethylene dichloride, dielectric constant of (Harris), 1066 . 

U ' 3042 
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C 2 H 6 0 Ethyl alcohol, partial pressures of aqueous solutions of (Dobson), 2866 ; 
swelling and dispersion of colloids in mixtures of ether and (Mardles), 2940 ; 
catalysis by alumina of the reaction between ammonia and (Dorrell), 2399. 

2 III 

C 2 H0 2 C1 3 Trichloroacetic acid, additive compounds of, with esters (Kendall and 
Booge), 1771. 

C 2 H 4 OCl 2 s-Dichlorodimethyl ether, condensation of phenylethylamine with 
(Short), 269. 

2 IV 

C 2 H 3 0 5 CIS Chlorosulphoacetic acid, preparation and resolution of, and its salts 
(Backer and Burgers), 233. 

C 2 H & 0 2 SNa Sodium ethyl sulphoxylate (Vogel and Partington), 1522. 

C 3 Group. 

c 3 h 4 o 4 Malonic acid, dissociation constants of (Britton), 1906; alkaline earth 
salts, solubilities of (Walker), 62. 

C 3 H 6 0 2 Methyl acetate, equilibrium of the hydrolysis of (Burrows), 2723. 

C 3 H 3 0 3 Trioxymethylene, action of, on Grignard reagents (Marshall), 2188. 

C 3 H 8 0 3 Glycerol, ionic activity of water in aqueous solutions of (Colvin), 2788 ; 
liquid and vapour phases of aqueous mixtures of (Iyer and Usher), 841. 

3 IV 

C 3 H 10 CI 3 SbP(I Trimethylstibinedichloropalladium hydrochloride (Morgan and 
Yarsley), 190. 


C 4 Group. 


C 4 H 4 0 2 Methyl propiolate (Ingold), 1203. 

C<HA Fumaric acid, Rontgen ray structure of (Yardley), 2207 ; thallous salt 
(Christie and Menzies), 2370. 

Maleic acid, Rontgen ray structure of (Yardley), 2207 ; thallous salt (Christie 
and Menzies), 2370. 

C 4 H 6 0 Acetic anhydride, interaction of tellurium tetrachloride and (Morgan and 
Drew), 531. 

c 4 ha Succinic aoid, dissociation constants of (Britton), 1906; alkaline earth 
salts, solubilities of (Walker), 62 ; thallous salt (Christie and Menzies), 
2370. 

C 4 Hb0b Tartaric acid, dissociation constants of (Britton), 1905 ; thallous salt 
(Christie and Menzies), 2371. 

c 4 h,n 3 2-Amino«4(5)-methylglyoxaline (Burtles and Pyman), 2017. 

C 4 H s 0 Methylvinylcarhinol, resolution and rotation of (Kenyon and Snellgrove), 
1174. 

C 4 Hfi0 2 Ethyl acetate, effect of salts, sugars, and temperature on solubility of 
(Glasstone and Pound), 2660. 

C 4 H«S 2 Triethylene trisulphide, supposed true nature of (Bennett and Berry), 
910. 

C 4 H 10 0 2 Ethyl ether, swelling and dispersion of colloids in mixtures of alcohol and 
(Mardles), 2940 ; oxidation of, to oxalic acid in presence of uranyl nitrate 
{Rowell and Russell), 2900. 

C 4 Hi 0 O a a-Methyl glycerol (Gilchrist and Purves), 2744. 


4 m 

C 4 HAN* Yioluric acid, absorption spectra and ionisation of (Morton atid 
Tipping), 2514. 
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FORMULA INDEX. 


C 4 H 6 0 4 Te Tell urodiace tic acid, and its salts (Morgan and Drew), 535. 
C 4 He0 4 Te2 Ditellurodiacetic acid (Morgan and Drew), 536. 

C 4 H 8 GC1 2 £-Mcthyl cry-dichloTohydvin (Gilchrist and Purves), 2743. 

C 4 H 8 Cl 2 S~e $3'-Dichlorodiethyl selenide (Bell and Gibson), 18S2. 

C 4 H 8 Cl 4 Se jSjS'-Dichlorodiethyl selenide dichloride (Bell and Gibson), 1880. 
C^HgBFgSe /?/?'• Dibromodiethyl selenide (Bell and Gibson), 1883. 

C 4 H 8 Br 4 Se ftS'-Dibromodiethyl selenide dibromide (Bell and Gibson), 1881. 
C^HuOgP Diethyl phosphinic acid, silver salt of (Collie), 9*64. 

4 IV 

C 4 H 5 0 a NsS Nitrothiol-2-methylglyoxalme, and its ammonium salt (Bhagwat and 
Pyman), 1835. 

C 4 H 5 0 4 NC1 2 Ethyl dichloronitroacetate (Macbeth and Traill), 895. 

C 4 H 5 0 4 NBf 2 Ethyl dibromonitroacetate (Macbeth and Traill), 896. i 
C 4 H 6 0 4 CI 2 Te Diclilorotellnridiacetic acid (Morgan and Drew), 534. 

C 4 H 7 OCl 3 Te Tellurium methylethylketone trichloride (Morgan and Elvins), 
2628. 

C 4 H 8 Cl 2 Br 2 Se jS/B'-Dibromodiethyl selenide dicbloride (Bell and Gibson), 1883. 

^jS'-Dichlorodiethyl selenide dibromide (Bell and Gibson), 1883. 

C 4 H 9 0 4 N 2 C1 Ammonio-derivative of ethyl chloronitroacetate (Macbeth and 
Traill), 895, 1122. 

C 4 H 9 0 4 N 2 Br Ammonio-derivative of ethyl bromonitroacetate (Maobeth and 
Traill), 896. 

GiHaClSHg* 2 soButyl mercaptan mercurichloride (Birch and Norris), 905. 
CiHMOiNsGl Ethyl chloronitroacetate hydrazide (Macbeth and Traill), 1122. 
C 4 H 10 Cl 2 S 2 Gd Dimethyldithiolethylene cadmium chloride (Morgan, Carter, and 
Harrison), 1922. 

C 4 H 10 Cl 2 S 2 Zn. Dimethyldithiolethylene zinc chloride (Morgan, Carter, and 
Harrison), 1921. 

C 4 H 10 Br 2 S 2 C<i Dimethyldithiolethylene cadmium bromide (Morgan, Carter, 
and Harrison), 1922. 

C 4 H 10 I s S 2 Zn Dimethyldithiolethylene zinc iodide (Morgan, Carter, and Harri¬ 
son)^ 1921. 

4 V 

C 4 H 5 0 4 NC1Bf Ethyl ehlorobromonitroacetate (Macbeth and Traill), 896. 

C fi Group, 

GsHsN Pyridine, distribution of, between water and benzene (Woodman and 
Corbet), 2461. 

c s h*n 3 2-Amino-4:5-dimethyJgIyoxaline, and its salts (Burtles and Pyman), 
2015. 

C 6 H 10 0 Ethylvinylcarbinol, resolution and rotation of (Kenyon and Snellgrove), 
1175. 

CsHioOs Arabinose, constitution of (Hirst and Bobertson), 858. 

C 5 H iG S Pentamcthylene sulphide, and its salts (Thierry), 2758. 

C 5 H 12 0 3 ojS-Dimethylglyeerol (Gilchrist and Pop.tes), 2743. 

5 III 

CA0.H, 3:5-Dinitro-4-pyridone (Crowe), 2029. 

C 5 H 4 0 3 N s 3-Nitro-4-pyridone (Crowe), 2028. 

C 5 H 8 0 3 N 3 3-Nitrb-5-amino-4-pyfidone, and it3 hydrochloride (Crowe), 2029. 
CgHjiOJ 1 -Iodoci/cfopropane-1:2-diearboxylic acid (Ing and Perkin), 2394. 
G 5 H 6 ON 2 3-Amino-4-pyridone, and its salts (Crowe), 2029. 
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5 III—6 II 


C 5 H,0 2 N 3 Nitro-1:2-dimethylglyoxa]ines, and their salts (Bhaowat and Pvmax), 
1833. 

C 5 H,0 4 K Potassium ethyl malonate, electrolysis of (Robertson), 2057. 
c 6 h 8 n 8 s 2-Methylamino-4-methylthiazole, and its hydrochloride (Burtles, Py- 
man, and Roylance), 58S. 

2-Thioldiuiethylglyoxalines (Burtles, Pyman, and Roylance), 586. 

CgHxoOaNa Glutardiald oxime, preparation of (Shaw), 215. 

Malonmonoethylamide (West), 750. 

C 5 H u IS Tetramethylene sulphide methiodide (Thierry), 2758. 

G S H 1 S 04 N 3 Hydrazine derivative of ethyl a-nitropropionate (Macbeth and 
Traill), 897. 

5 IV 

C 5 H 8 0 4 NC1 Ethyl a-chloronitropropionate (Macbeth and Traill), 896. 
C 6 H 8 0 4 NBp Ethyl a-bromonitropropionate (Macbeth and Traill), 897. 
C 6 H 9 OCl 3 Te Tellurium diethylketone trichloride (Morgan and Elyins), 2629. 
C 5 H 3 O a N a BP Bromomalonmonoethylamide (West), 751. 


C 8 Group. 


C 5 H g Benzene, dielectric constant of (Harris), 1065 ; cryoscopy with (Jones and 
Bury), 1947. 


6 II 

C e H 4 0 2 ^-Benzoquinone, preparation of (Craven and Duncan), 1489. 

C e H 4 0 6 3:5-Dinitrocatechol, colorimetric dissociation constants of (Laxton, 
Prideaux, and Radford), 2499. 

4:6-Dinitroresorcinol, colorimetric dissociation constants of (Laxton, Prideaux, 
and Radford), 2499. 

CgHeO Phenol, surface tension of aqueous solutions of (Goard and Rideal), 780, 
1668; molecular condition of, in benzene (Philip and Clark), 1274 ; effect of 
salts on the equilibrium and critical solution temperature of, in water 
(Carrington, Hickson, and Patterson), 2544; equilibrium of salicylic acid, 
water, and (Bailey), 1951. 

C 0 H 6 O s czs-l-Methylc^opropane-l- 2 -dicarboxylactone (Ingold), 39S. 

Phloroglueinol, absorption spectra of (Morton and Rogers), 2700. 

C 6 H 6 0 4 Phthalic acid, thallous salt (Christie and Menzies), 2370. 

C 3 H 7 N Aniline, physical properties of, and its aqueous solutions (Applebey and 
Davies), 1836. 

CjHjOi a 7 -Dialdehydopropane-j 8 -carboxylic acid (Perkin and Pink), 194. 

Hydroxy-a*methylglutarolactones, and their salts (Ingold), 394. 

cis- and trans -1 -Methyl^^pi*opane- 1 : 2 -dicarboxy 1 ic acids, and their salts (Ingold), 
396. 


C$Hio0 3 Ethyl acctoaeetate, interaction of o -hydroxydistyryl ketones and 
(Heilbron, Forster, and Whitworth), 2159, 

C 8 H 10 O 5 Dextrin, constitution of (Irvine and Oldham), 29i4. 
Hydroxy-a-methylglutaric acids, and their salts {Ingold), 394. 

Methylitamalic acid, barium salt (Ingold), 397. 

C 6 Hi 2 0 Propylvinylcarbinol, resolution and rotation of (Kenyon and Snell- 

grove), 1176. 

CaH„Q, Dextrose, dissociation constant of (Biiitton), 1902. 

C 6 H X2 S 2 Hexamethylene disulphide (Bennett and Hock), 2676. 

CsH 14 0 3 Mmethyl glycerol (Gilchrist and Pukyes), 2744. 

C 8 H W S &oPropylmercaptan w-propyl ether (Birch and Norris), 904. 

C 0 H 15 P Triethylphosphine, preparation and reactions of {Collie), 964. 
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FORMULA INDEX. 


6 III 

0 6 H 3 0 12 A1 Aluminioxalic acid, salts of, with optically active bases (Chili*, 
Roberts, and Turner), 2971. 

C 8 H 3 0 12 Sb Antimonoxalie acid, potassium salt (Holmes and Turner), 1753. 
C 8 H 3 C1 3 S 2:5-Dichlorophenylsulphur chloride (Miller and Smiles), 230. 
C 8 H 3 FeN 8 Hydroferricyanic acid, potassium salt, oxidation of carbohydrates by 
(Knecht and Hibbert), 2854. 

C 8 H 4 C1As j?-Chlorophenyldichloroarsine (Hunt and Turner), 2671. 

C 6 H 6 0N Nitrosobenzene, bromination and nitration of (Ingold), 515. 

CsHfiOgN Nitrobenzene, dielectric constant of (Harris), 1067; cryoscopy with 
(Brown), 345. 

C 8 H 8 0 2 Ge Phenylgermanonic acid (Morgan and Drew), 1764. 

C 8 H 8 N 2 Bp 2 2:4-Dibromophenylhydrazine, preparation of (Humphries and Evans), 
1676. 

C 8 H 9 0 3 N 0-Ethylcarbonatopropionitrile (Chapman and Stephen), 888. 

C 6 H u ON a-Ethylerotonamides (New t bery), 301. 

Methylpentenoic amides (Kon and Linstead), 623. 

CeHxiOaN Methoxymethylanthranilic acids (Heilbron, Kitchen, Parkes, and 
Sutton), 2173. 

C 8 H 12 0 2 N 2 Malonmono&opropylamide (West), 750. 

CaHxaOsS cycfoHexanesulphonic acid, salts of (Kolker and Lapw t orth), 312. 
c 8 h 12 ci 2 s yy'-Dichlorodipropyl sulphide, and its platinic chloride additive 
compound (Bennett and Hook), 2674. 

C 6 H 13 C1S Pentamethylenemethylsnlphonium chloride (Thierry), 2759. 

6 IV 

C 8 H 2 0 7 N 3 CI 3-Chloro-2:5:6-trinitrophenol (Hodgson and Moore), 1603. 
C 8 H 4 OC1As j>Chlorophenylarsenious oxide (Hunt and Turner), 2671. 
C 8 H 4 OBfAs jp-Bromophenylaraenious oxide (Hunt and Turner), 2670. 
C 6 H 4 0 2 NBp 3-Bromo-p-benzoquinone-4-oxime (Hodgson and Moore), 2261. 

Bromonitrosophenols (Hodgson and Moore), 2261. 

C 8 H 4 0 2 NI 3-Io&o-p-benzoquinone-4-oxime (Hodgson and Moore), 2262. 

2-Iodo-4-nitrosophenol (Hodgson and Moore), 2264. 

C 6 H 4 O s NCI 3-Chloro-2-nitrophcnol, and its silver salt (Hodgson and Moore), 
1600. 

C«H 4 O s NBp 3-Bromo-4-nitrophenol (Hodgson and Moore), 2262. 

C 8 H 4 0 3 NI 3-Iodo-4-nitrophenol (Hodgson aud Moore), 2263. 

C 8 H 4 C1£BfAs jp-Bromophenyldichloroarsine (Hunt and Turner), 2670. 
C 8 H 8 ONBp p-Bromophenylhy&roxylamine, preparation of (Haworth and Lap- 
worth), 2970. 

G 8 HxoO a N 2 Te 2-MethylcycZoteUuropentane-3:5-dione dioxime (Morgan and Iyel- 
lett), 2621. 

CaHxoOaNal 4(5)-Nitrotiimethylglyoxalinmm iodides (Bhagwat and Pyman) 
1834. 

C 8 H li} 0 a Cl 2 Te Tellurium bisacetone dichloride (Morgan and Elvins), 2628. 
C q Hi 0 0 4 NC1 Ethyl «-chloronitrobutyrate (Macbeth and Traill), 897. 
CeHxoOaNBP Ethyl a-bromonitrobutyrate (Macbeth and Traill), 897. 
C 6 H u ONBr 2 ajS-Dibromo-a-efchylbutyramides (Newbery), 304. 

C«HuOCl s Te Tellurium pinacolin trichloride (Morgan and Elvins), 2630. 
C 8 Hh0 2 N 2 Bp Bromomaionmono&opropylainide (West), 752. 

C 8 H 12 0 2 C1 2 S ry'-Dichlorodipropylsulphoue (Bennett and Hock), 2675. 
C 6 H 12 C1*Bf 4 S TY'-Diehlorodipropyl sulphide dibromide (Bennett and Hock), 
v 2674. 



FORMULA INDEX. 6 IV—7 III 

CeHuOjjSaHg 7 -Hydroxypropyl mercaptan mercaptide (Bennett and Hock), 

C 6 H 18 Cl 2 Sb 2 Pd BistrimethylstibinedichloropaIk<Hum (Morgan and Yarsley), 
190. 

C 6 H 18 Cl 2 Sb a Pt Bistrimethylstibinediehloroplatinum (Morgan and Yarsley), 
188. 

6 v 

CgH 3 0 2 C1JS 2:5-Dichlorobenzenesulphonyl iodide (Gibson, Miller, and Smiles), 


Or Group. 

C-H 8 Toluene, catalytic chlorination of (0. and C. A. Silberrad and Parke), 
1724 ; mercuration of (Coffey), 1029. 

7 11 

C 7 H 6 0 2 Benzoic acid, periodic crystallisation of (Hedges and Myers), 2434. 
C 7 H 8 0 3 Salicylic acid, heat of combustion of (Berner), 2747; equilibrium of 
phenol, water, and (Bailey), 1951. 

C 7 H 8 0 2 Resorcinol methyl ether, thallous salt (Christie and Menzies), 2373. 
C 7 H 8 0 4 Heptodilactone (Bennett), 1277. 
3-Methoxy-S-methylcyc?opropane-l:2-dicarboxylic anhydride (Goss, Ingold, and 
Thorpe), 468. 

Methyl hydrogen 3-methyl-A 2 -cyeZopropene-l :2 -dicarboxylate (Goss, Ingold, and 
Thorpe), 467. 

c 7 h 8 o 6 «7-Dialdebydopropane-j3i3-dicarboxylic acid (Perkin and Pink), 193. 
C 7 H 10 O 8 os-Dimethylcarboxysuccinic acid (Ingold), 473. 

C 7 HxoN 2 3-Amino-2:6-lutidine, and its hydrochloride (Gulland and Robinson), 
1495. 

C 7 H 12 0 Methyl a 7 -dimethoxyaeetoacetate (Pratt and Robinson), 169. 

C 7 Hi a 0 2 jSjS-Dimethyl-a-etbylaciylic acid (Kon, Smith, and Thorpe), 572. 

Ethylpentenoic acids (Eon and Linstead), 621. 

C 7 H 12 0 4 Diethyl malonate, addition of, to esters (Wayne and Cohen), 450, 
C 7 Hi 4 0 n-Butylvinylcarbinol, resolution and rotation of (Kenyon and Snell- 
groye), 1177. 

G 7 H 15 I Triethylcarbinyl iodide (Morgan, Carter, and Duok), 1253, 

7 III 

C 7 H & 0 2 Bp Bromohydroxybenzaldehydes (Hodgson and Beard), 878. 

C 7 H 5 0 2 Li Lithium salicylaldehyde (-f2H 2 0) (Sidgwick and Brewer), 2385. 
C 7 H 5 O a Na Sodium salicylaldehyde (~{-2H 2 0) (Sidgwick and Brewer), 2385. 
C 7 H 50 6 N s Trinitrotoluene, equilibrium of naphthalene and, in nitrobenzene 
(Brovtn), 345. 

C 7 H 5 0 ? N 3 Trinitroanisole, alcoholysis of (Brady and Horton), 2230. 

G 7 H 8 0 4 N 2 Nitrohydroxybenzaldoximes (Hodgson and Beard), 879. 

C 7 H 7 OBf 2-Bromo-m-eresol, preparation of (Hodgson and Beard), 498. 

Plienacyl bromide, condensation reactions of (R. M. and J. H. RAy), 2721. 
C 7 H 7 0T1 Thallous ?n-tolyloxide (Christie and Menzies), 2373. 

C 7 H 7 O a N o-Kitrotoluene, dielectric constant of (Harris), 1067. 

C 7 H 8 0 2 N 3 Hitrobenzylamines, and their salts (Holmes and Ingold), 1812. 
C 7 H 0 ON 2-Amino-w-cresol, preparation of (Hodgson and Beard), 49$. 

C 7 H s 0 2 N 3:4-Dftydroxybenzylamine (Jones and Pyman), 2596, 

C 7 H 9 0 4 Bf Methyl l-bromocycZopropane-l: 2 -dicarbosylate (Ing and Perkin), 
2396. 
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FORMULA INDEX. 


CfHsN^Cl 5-Chloro-2-methyl-jj?-phenylenediamine (Kenner, Tod, and With am), 
2347. 

C 7 H 10 O 4 Cl 2 Di-£-chloroethyl maloaate (Bennett), 1278. 

C 7 H 10 O 4 Bp 2 Methyl ao'-dibromoglutarates (Ing and Perkin), 2393. 

C 7 H 10 OJ 3 Methyl aa'-di-iodoglutarate ( Ing and Perkin), 2393. 

C 7 HhON 3 2-Aeetylamino-4:5-dimethylglyoxaline (Burtles and Pitman), 2016. 
C 7 H 12 0 2 N 2 a-Ethylcrotonylearbamides (Newbery), 300. 

C 7 H 12 N 2 S 2-Ethylthiol-l:4-dimethylglyoxaline, salts of (Burtles, Pyman, and 
Roylance), 588. 

C 7 H 13 0N Amides of ethylpentenoic acids (Kon and Linstbad), 621. 

C 7 H 13 0 5 I Methylglucoside 6-iodohydrin (Oldham), 2844. 

C 7 H 13 0 8 N Methylglucoside 6-nitrate (Oldham), 2844. 

C : H 14 0 2 N 2 Malonmonotsobutylamide ("West), 750. 

C 7 H 17 O a N o-Aminopropionacetal (Burtles, Pyman, and Roylance), 586. 

7 IV 

C 7 H 3 0 2 NC1 4 2:3:4:6-Tetrachloro-3-nitrotoluene (Silberkad), 2683. 

C 7 H 5 0 2 NBp 2 4:6-Dibromo-3-hydroxybenzaldoxime (Hodgson and Beard;, 880. 
C 7 H 6 0 3 N 2 C1 2-Chloro-5-nitrobenzaldoximes (Brady and Bishop), 1361. 
C 7 H 5 0 3 C1 2 S 4-Ohloroanisole-2-sulphonyl chloride (Gauntlett and Smiles), 2745. 
GjHgC^NaCl 4-Chloro-2:3-dinitrotoluene (Kenner, Tod, and Witham), 2348. 
C 7 H 5 0 5 N 2 Na Sodium dinitro-o-tolyl oxide (Gibson), 45. 

C 7 H 6 ONBp o-Bromo-j8-benzaldoxime (Brady, Gosson, and Roper), 2430. 
C 7 H 6 0 2 NBp Bromohydroxybenzald oximes (Hodgson and Beard), 879. 
C 7 H 6 0 2 €1 2 S 2:o-Dichlorophenylmethylsulphone (Miller and Smiles), 231. 
C 7 H 6 0 3 NC1 3-Chloro-2-nitrophenal methyl ether (Hodgson and Moore), 1601. 
C 7 H 6 0 3 NNa Sodium nitro-o-tolyl oxides (Gibson), 45. 

C 7 H 7 OClS 4-Chloroauisole-2-mercaptan (Gauntlett and Smiles), 2746. 
C 7 H 7 0 2 N a Cl Chloronitrotoluidines (Kenner, Tod, and Witham), 2346. 
C 7 H 7 0 2 C1S 4-Ghlorophenylmethylsulphone (Miller and Smiles), 231. 
C 7 H 7 0 2 Cl 3 Te 2-Hydroxy-1-methoxyphenyl-4*telluritrichloride (Morgan and 
Drew), 2314. 

C 7 H 7 0 2 BrS 3- and 4-Bromophenylmethylsulphones (Twist and Smiles), 1252. 
C : H 7 0 3 C1S 4-Ohloroanisole-2-sulphinic acid (Gauntlett and Smiles), 2746. 
C 7 H 7 04 NS 3-Nitrophenylmethylsulphone (Twist and Smiles), 1250. 

C 7 H 7 0 4 C1S 2 ?n-ChlorosiilphonylphenylnQethylsulphone (Twist and Smiles), 1251. 
C 7 H 7 BrIAs ^-Brornophenylmethyliodoarsine (Hunt and Turner), 2670. 
C 7 H 8 ONBp 4-Bromo-nt-anisidine (Griffith and Hope), 994. 

C 7 Hx 0 0 6 NC1 Ethyl chloronitromalonate (Macbeth and Traill), 1121. 
C 7 Hi 2 0 2 N 2 Bp 2 aj8-Dibromo-a-ethylbutyrylcarbamides (Newbery), 305. 
€ 7 Hi 2 0 2 N 2 Te 2:6-Dimetliykyc?citelluropentane-3:5-dionedioxime (Morgan and 
Taylor), 799. 

C7Hx20 2 Cl 4 Te a Methylenebistelluriacetone dichloride (Morgan and Drew), 537. 
C 7 H 18 0Cl 3 Te Tellurium di-yi-propylketone trichloride (Morgan and Elvins), 
2629. 

C 7 H 13 O a N 2 Br a-Bromo-a-ethylbutyrylcarbamide, action of alkalis on (Newbery), 
295, 

6-Bromo-a-ethylbutyrylearbamide (Newbery), 305. 
Bromomalonmonoisobutylamide (West), 751. 

CvHx-ONaS 2-Metliylammo-5-ethoxy-4-inethyl-4:5-dihydrothiazole, and its salts 
(Hurtles, Pyman, and Roylance), 586. 
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7 V—8 III 


7 V 

C,H 4 NC1Bp 2 S Chlorobenzthiazole dibromide (Htfnteb), 1488. 

G,H,0NC1Bp o-Bromo-a-benzaldoxime hydrochloride (Brady, Cosson, and 
Roper), 2430. 

C 7 H 7 0 4 ClSNa 4-Chloroanisole-2-sulphonic acid, sodium salt (Gauntlett and 
Smiles), 2745. 

C 7 H 15 Cl 2 I 3 SHg Dichlorodipropylmethylsulphonium mereuri-iodide (Bennett and 
Hock), 2675. 

C 8 Group. 

c,h,o 4 m-Aldehydophenyl carbonate, nitration of (Mason), 1195. 

C 8 B 8 0 3 Yanillin, tballons salt (Christie and Menzies), 2373* 

C 8 H 8 0 7 Diacetyltartaric anhydride, mutarotation of (Austin and Park), 1926. 
C 8 Hi 0 04 Ethyl hydrogen 3-methyl-A 2 -cyt*Z0propene*l:2-dicarboxylate (Goss, 
Ingold, and Thorpe), 468. 

C 8 H 10 O a Diacetyltartaric acid, rotatory dispersion of (Austin and Park), 1926. 
C 8 HnN Phenylethylamine, condensation of s-dichloromethyl ether with (Short), 
269. 

^-Phenylethylamine, aluminioxalate of (Child, Roberts, and Turner), 2972. 
C 8 H 14 0 2 8-Methyldipropionylmethane, and its copper salt (Morgan and Taylor), 
799. 

C 8 H 14 0 6 Ethyl a7-dimethoxyacetoacetate (Pratt and Robinson), 168. 

Ethyl H-ethylcarhonatopropionate (Chapman and Stephen), 889. 

Acid, from sodium ethoxide and ethyl a-chloro-y-methylglutarate (Goss and 
Ingold), 2779. 

C 8 H 14 0 8 Trimethylarabonolactones (Pryde, Hirst, and Humphreys), 354. 
C 8 H 16 0 8 Trimethyl 7-arabinose (Baker and Haworth), 368. 

8 III 

C 8 H 6 0 a N Isatin, absorption spectra of (Morton and Rogers), 2698. 

C 8 H 8 0 2 BF a 4:6-Dibromo-3-methoxybenzaldehyde (Hodgson and Beard), 879. 
C 8 H 6 C1 8 As a-Chlorostyryldichloroarsine (Hunt and Turner), 998. 

C 8 H 7 0 2 N l-Hydroxy-2;3*benzoxazine (Griffiths and Ingold), 1704. 

l-Hydroxyisoindole-2-oxide (Griffiths and Ingold), 1706. 

C 8 H 7 0 3 Bp 3-Bromo-2-hydroxy'5-methoxybenzaldehyde (Rubenstein), 2001. 

Bromomethoxybenzoic acids (Hodgson and Beard), 880. 

C 8 H 7 0 3 Li Lithium methyl salicylate (-f 2H a O) (Sidgwick and Brewer), 2384. 
c 8 h 7 o 5 n 3-Niti*o-2-hydroxy-5-methoxybenzaldehyde (Rubenstein), 2000., 
5-Nitro-2*hydroxy-4-methoxybenzaidehyde (Rao, Siukantia, and Iyengar), 
557. 

C s H 7 0 7 N 3 Trinitrophenetole, alcoholysis of (Brady and Horton), 2230. 
C 8 H 7 C1 2 As Phenyl-jS-chlorovinylchloroarsine (Hunt and Turner), 997. 

C g H 8 0 2 Se Phenylseienoglycollic acid (Morgan and Porritt), 1757. 

C 8 H 8 0 8 N Phfchalamio acid, ammonium salt (Chapman and Stephen), 1793. 
CgHgOgN, 3-Niti*o-4-methylbenzaldoximes (Brady, Cosson, and Roper), 2432. 
C 8 H 3 0Rp 2-Bromoanisic acid (Griffith and Hope), 993. 

C 8 H io 0 2 N2 3-Ammo-2:6-dimethylw>onicotinic acid, and its salts (Gulland and 
Robinson), 1494. 

Benzylmethylamines, nitro-, and their hydrochlorides {Holmes and Ingold), 
1814. 

a-Hydcoxybenzylcarbamide, and its salts (Wood and Lilley), 97. 

C 8 H io 0 2 S g m-Methylthiolphenylmethylsnlphone (Twist and Smiles), 1251. 
C 8 Hio0 4 N 2 4-Nitro-2:5-dimethoxyaniline, hydrochloride of (Rubenstein), 2004. 
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FORMULA INDEX. 


OsHxoIAs ^-Tolylmethyliodoarsine {Mills and Raper , 2481. 

CgHijON a-Hydroxybenzylmethyl amine (Wood and Lille y), 96. 

CgH 12 0 2 Te 2:4:6-TrimethylcycZotelluropentane-3:5-dione (Morgan and Taylor), 
800. 

€ s Hx 30 4 01 Methyl 7-chloro-a-methylglutarate (Ingold), 393. 

C 8 H 13 0 4 Bp Methyl 7 -bromo-a-methylgUvtarate (Ingold), 393. 

C 8 Hi 3 0 4 I Methyl a-iodo-a-methylglutarate (Ingold), 394. 

C 8 HuO a BF 2 Ethyl ae-dibromopentane- 7 -carboxylate (Mills and Bains), 2505. 

C 8 H 18 0 2 N 2 Malonmonoethylmonoisopropylainide (West), 750. 

C 8 Hi 6 0 5 M 2 Trimethoxyglutardiamide (Hirst and Robertson), 362. 

C s H 16 0 X0 N a 2:3:5rTrimethyl glucose l:6*dinitrate (Oldham), 2841. 

C 8 Hi 7 0 2 N a-Ethoxy-a-ethylbutyramide (Newbery), 307. 

C 8 H lfl 0 2 N a-Methylaminopropio nacetal (Burtles, Pyman, and Roylanoe), 586. 

8 IV 

C 8 H 6 0 3 NBf 3 4:5-Dibromophthalamie acid, and its ammonium salt (Chapman 
and Stephen), 1794. 

C 8 He0 2 N 2 S Kitrobenzyl thiocyanates (Footner and Smiles), 2890. 

C 8 H 7 0 2 BrSe p-Bromophenylselenoglycollic acid (Morgan and Porritt), 1757* 

CgH 7 0 2 BF 3 Se ^-Bromophenylselenoglycollic acid dibromide (Morgan and Por- 
ritt), 1759. 

C 8 H 7 0 2 Br 5 Se .p-Bromophenylselenoglycollic acid tetrabromide (Morgan and 
Porritt), 1759. 

C 8 H 7 0 3 BpSe jp-Bromophenylselenoxyglycollic acid (Morgan and Porritt), 
1758. 

C 8 H 8 ON 2 Bp 2 Acetyl-2:4-dibromophenylhydrazine, and its hydrobromide (Hum¬ 
phries and Evans), 1677. 

C 8 H 8 0 2 NBf 6-Bromo-3-methoxybeni!aldoxime (Hodgson and Beard), 880. 

C 8 H 8 0 8 NCI 4-Chioro-6-nitxo-m-tolyl methyl ether (Kenner, Tod, and Witham), 
2348. 

C 8 H 8 0 3 NBf 5-Bromo-2-amino-4-methoxybenzoic acid, and its salts (Griffith and 
Hope), 994. 

C 8 H 9 0N 3 Bp Acetyl-p-bromopheiiylhydrazine, and its hydrobromide (Humphries 
and Evans), 1676. 

C 8 H 9 OCl 3 Te j 7 -PhenetylteUuritrichloride (Morgan and Drew), 2311, 

C 8 H 8 0 2 Cl a Te l:3-Dimethoxyphenyl-4-telluritrichloride (Morgan and Drew), 
2312. 

C 8 H b 0 3 N 2 G1 S-Nitro-4-methyl-j8-benzaldoximebydrochloride (Brady, Cosson, 
and Roper), 2432. 

CgH 8 0 3 01S 4-Ohloroanisole-2-methylsulphone (Gauntlett and Smiles), 2746. 

CaHioONCl 5-Chloro-2-amino-4-methoxy toluene (Heilbron, Kitchen, Parkes, 
and Sutton), 2175. 

C 8 Hjt 0 OI 3 Te jp-Anisylmethyltelluridi-iodide (Morgan and Drew), 2315. 

C 8 HisOsGl 2 Te 2:4:6-Trimethylc^cZotellnripentane-3:5-dione 1:1-dichloride (Mor¬ 
gan and Taylor), 800. 

CsHxgOjjNT© 2 -Metbyl- 4 -ethylc 2 / 6 ‘Z<?telluropentane- 3 : 5 -dioiie monoxime (Morgan 
and Kellett), 2622. 

C 8 H J4 0 2 N 2 Te 2-Methyl-4-ethylcycZ<?telluropentane-3:5-dione dioxime (Morgan 
ana Kellett), 2622. 

2i4:6-TrimethylcycZotellnropentane-3:5-dionedioxime (Morgan and Taylor), 
800. 

C 8 Hi 5 0 2 N 2 Br Bromomalonmonoethylmono&opropylaraide (West), 752, 

G 8 H|pIgS 4 Gu 2 Dimetbyldithiolethylene cuprous iodide (Morgan, Carter, and 
Harrison), 1922. 
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0 9 Group. 

C 9 H 20 3:3-Diethylpentane (Morgan, Carter, and Duck), 1252. 

9 II 

C 9 H 6 0 3 4-Aldehydo-l:2-phthalide (Perkin and Stone), 2290. 

C^HeOi 4-Carboxy-l;2-phthalide (Perkin and Stone), 2291. 

2:4-DiaIdehydobenzoic acid (Perkin and Stone), 2292. 

C 9 He0 5 2-Aldehydoterephthalic acid (Perkin and Stone), 2294. 

C 9 H 8 0 Cinnaraaldehyde, action of, on Grignard reagents (Marshall), 2186. 
C 9 H 8 0 2 4 -Methyl-1:2-phthalide (Perkin and Stone), 2285. 

C 9 H 8 0 3 Hydroxy-3:4-dihydrocoumarins (Chapman and Stephen), 890. 

4-Hydroxymethyl-l:2-phtb.alide (Perkin and Stone), 2287. 

C 9 H 8 O s 2-Hydroxymethylterephthalic acid (Perkin and Stone), 2291. 

C 9 H 9 N 3 Aminophenyiglyoxalines, and their salts (Balaban and King), 2710. 
C 9 H 10 O 2 2:4-Dimethylbenzoic acid (Perkin and Stone), 2283. 

C 9 Hxo0 3 Ethyl acetoacetate, thallons salt (Christie and Menzies), 2372. 
Hydroxydimethylbenzoie acids (Perkin and Stone), 2285. 
4-Methoxy-3-methylbenzoic acid (Brady, Cosson, and Eoper), 2431. 
c 9 h 10 o 4 rei-Aldehydophenyl ethyl carbonate, nitration of (Mason), 1195. 
2:4-Di(hydroxymethyl)benzoic acid (Perkin and Stone), 2287. 

>3-2:6-Dihydroxyphenylpropionic acid (Chapman and Stephen), 891. 

C9H10BF2 ay-Dibromo-iS-phenylpropane (Mills and Bains), 2505. 

C 9 H 12 0 2 Benzyl hydroxyethyl ether (Bennett), 1279. 

C 9 H 12 0 4 Methyl ethyl 3-methyl-A 2 -cycfopropene-l:2-dicarboxylate (Goss, Ingold, 
and Thorpe), 468. 

Nonodilactone (Bennett), 1278. 

C 9 H 14 0 2 AcetylmethylcycZohexanone, beryllium salt (Morgan and Elvins) 
2624. 

a*Campholytie acid, structure of (Chandrasena, Ingold, and Thorpe), 1677. 
l-Methylc^cfohexylidene-4-acetic acid, rotatory dispersion of (Richards and 
Lowry), 238. 

C 9 H 14 0 3 1 -Methylc2/ciohexan-3 -one-1 -acetic acid, and its silver salt (Farmer and 
Boss), 2365, 

Lactone, from Alstonia bark (Goodson and Henry), 1647. 

C 9 H 14 0 5 Acid, and its salts, from chenopodium oil (Henry and Paget), 1653. 
C 9 Hi«0 2 3-Butylacetylacetones, and their salts (Morgan and Jones), 2618. 
Diwobutyryl methane, and its copper salt (Morgan and Taylor), 803, 

Ethyl ethylpentenoates (Kon and Linstead), 622. 

3-re- and -fso-Propylpropionylacetonos (Morgan and Corby), 2616. 

C 9 Hi 9 0 3 ^-fsoYaleryl-a-methylpropionic acid (Jones and Smith), 2536. 

C 9 Hi$ 0 4 Ethyl ££-diethoxypropionate (Ingold), 1203. 

C 9 H 18 0 5 Trimethyl 7-methylarabinoside (Baker and Haworth), 367. 

C 9 HisO« Dimethyl methylglucoside (Iryine and Oldham), 2920. 
Glycerolglucoside (Gilchrist and Porves), 2735. 

Trimethylglucose, synthesis of (Irvine and Oldham), 2729. 

9 III 

C 9 H 8 OCl 7 2:4-Di(trichloromethyl)benzoyl chloride (Perkin and Stone), 2295. 
C 9 H 3 0 2 €1s 4-Trichloromethyl4:2-phthalyl chloride (Perkin and Stone), 2296. 
C 9 H 4 OCl 6 Pentachloro-2:4-dimethylbenzoyl chlorides (Perkin and Stone), 2293. 
C 9 H 4 0 2 C1 6 2:4-Di(triehloromethyl)benzoic acid (Perkin and Stone), 2296. 
CgHgOGlg 2:4-Di(dichloxomethyl)henzoyl chloride (Perkin and Stone), 2291. 
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9 III 


C 8 H 5 0 3 CI 3 4 -Dichloromethyl-l: 2 -chlorophthalide (Perkin and Stone), 2292. 
C 9 H 6 OCl 4 Trichlorodimethylbenzoyl chloride (Perkin and Stone), 2289. 
C 9 H 6 0 2 C1 4 2 : 4 dDi(dichloromethyl)benzoie acid (Perkin and Stone), 2291. 
C 9 H 6 N 2 Br 2 2:5(2:4)-Dibromo-4(5)-phenylglyoxaline (Forsyth and Pyman), 578. 
C 9 H 7 ON Carbostyril, absorption spectra of (Morton and Rogers), 2698. 

G 9 H 7 ON 6 2-Methylpyridine-3:l:6-tricarboxylic acid, thallous salt (Christie and 
Menzies), 2371. 

C 9 H 7 0Br 3 2 : 4 *Di(bromomethyl)benzoyl bromide (Perkin and Stone), 2286. 
C 9 H 7 0 2 N o-Methoxybenzoyl cyanide (Marsh and Stephen), 1635. 

C 9 H 7 0 2 C1 4 -CMoromethyl-l: 2 -pbtbalido (Perkin and Stone), 2289. 

0 9 H 7 0 2 Bf 4 -Bromometbyl-l :2-phthalide (Perkin and Stone), 2287. 

C 9 H 7 0 3 N Methylisatoic anhydride (Heilbron, Kitchen, Parkes, and Sutton), 
2171. 

C 9 H 7 0 6 N 2 -Aldebydoterephtbalic acid oxime (Perkin and Stone), 2294. 
C $ H 7 N 2 Bp Bromophenylglyoxalines, and their salts (Forsyth and Pyman), 576. 
C 9 H 8 0Bp 2 Bromodimethylbenzoyl bromides (Perkin and Stone), 2284. 
C 9 H 8 0oBp 2 2:4-Di(bromomethyl)benzoic acid (Perkin and Stone), 2286, 
C 9 H 8 0 4 N 2 Acetyl-o-nitro-£-benzaldoxime (Brady and McHugh), 2423. 

C 9 HsO s N Dinitrometboxystyrene (C. K. and E. H. Ingold), 872. 

C 9 H 8 0 6 N 2 3-Hitro-2-acetylarainobenzoic acid (Chapman and Stephen), 1795. 
C„H 8 0 6 N 2 3:5-Dinitro-o-tolyl acetate (Gibson), 46. 

C 9 H 9 ON 4-Methoxy-3-methylbenzonitrile (Brady, Cosson, and Roper), 2431. 

o-Metbylphthalimidine (Griffiths and Ingold), 1708. 

C 9 H 9 OCl 2:4-Dimetbylbenzoyl chloride, action of halogens on (Perkin and 
Stone), 2275. 

C„H 9 0 2 N 6 -Hydroxy-4-keto- 1 : 2 : 3 :4-tetrahydroquinoline (Clemo and Perkin), 
2307. 

l-Methoxy-2:3-benzoxazine (Griffiths and Ingold), 1704. 

Methoxyisoindole 2 -oxide (Griffiths and Ingold), 1708. 
W-Methoxyphthalimidine (Griffiths and Ingold), 1707. 

C 9 H 9 0 2 C1 o-Acetoxybenzyl chloride (Gray), 1155. 

r-^-Ghlorohydratropic acid, resolution of (McKenzie and Strathern), 86 . 
C 9 H 9 0 2 Bp Bromodimethylbenzoic acid (Perkin and Stone), 2284. 

£-Brom o-£-phenylpropionic acid, ammonium salt (Senter and Ward), 1849 , 
C 9 H 0 O 3 Bp Bromo-2:5-dimethoxybenzaldehydes (Rubenstein), 2001 . 

C 9 H 9 0 4 N Nitro-o-tolyl acetates (Gibson), 46. 

C.HAN Nitro-2:5-dimethoxybenzaldehydes (Rubenstein), 2000 . 

3-Nitro-4-ethoxybenzoic acid (King and Murch), 2645. 

Acid, and its salts from oxidation of ethoxylutidine (Collie and Bishop), 963. 
C 9 H 10 O 2 N 2 Methoxy-2-methyl-4*quinazolones (Heilbron, Kitchen, Parkes, 
and Sutton), 2173. 

C 9 H 10 0 2 N 4 Phthalaldehyde l-oximc- 2 -semicarbazone (Griffiths and Ingold), 
1704. 

C 9 Hi 0 O 2 Se ^-Tolylselenoglyeollic acid (Morgan and Porritt), 1758. 

C 9 H X 0 O 3 Se jp-Tolylselenoxyglycollic acid (Morgan and Porritt), 1758. 

Acid, and its silver salt from oxidation of Ditroethoxylutidine (Collie 
and Bishop), 963. 

C 9 H 10 0 6 N 2 Trimethylene glycol mono-2:4-dinitrophenyl ether (Fairbourne and 
Foster), 2761. 

CflHnON Hydroxyhydrindamine, chlorobromamethanesulphonates (Read and 
MoMath), 1587. 

C 9 H u 0d Benzyl chloroethyl ether (Bennett), 1280. 
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C 9 H X1 0 2 N 4*Methoxy-3-mefehylbenzaldoximes (Brady, Cosson, and Roper), 
2431, 

C 9 H u 0 2 Bp 2 : 3 -Dimethoxybeiizy 1 bromide (Haworth and Perkin), 1437. 

3:4-Diraethoxybenzyl bromide (Haworth, Perkin, and Rankin), 1445. 
C 9 H 13 0 2 N 2 Methoxymethylanthranilamides (Heilbron, Kitchen, Parkes, and 
Sutton), 2174. 

C 9 H 12 0 3 N 2 Nitroethoxylutidine (Collie and Bishop), 962. 

C 9 H 12 0 4 N 3-Amino-2:5-dimethoxy benzoic acid, and its hydrochloride (Ruben- 
stein), 2002. 

C 8 H 12 0 4 Bp 2 Methyl ethyl 2:3-dibromo-3-methylcyc&>propane-l:2-dicarboxylate 
(Goss, Ingold, and Thorpe), 468. 

C fi H i4 0N 2 Arainoethoxylntidine, and its salts (Collie and Bishop), 962. 
G 9 H 14 0 2 Te 4-isoButylq/cZotelluropentane-3:5-dione (Morgan and Jones), 2619. 
4-sec.-Buty%cfoteUuropentane-3:5-dione (Morgan and Elvins), 2623. 
2-Methyl-4-propylc^cfotelluropentane-3:5-diones (Morgan and Corby), 2616. 
C 9 H 14 0 4 Bp 2 ay*Dibromo-j3j3-diniethyl-a«ethylglutaric acids (Kon, Smith, and 
Thorpe), 571. 

C 7 H 16 0 6 N a Ethyl hydrazotricarboxylate (Ingold and Weaver), 381. 

C 9 H 17 0N 3 5-Ethylhexenone semicarbazones (Kon and Linstead), 818. 

C 9 H 18 0 2 N s Malonditsopropylamide (West), 750. 

C 9 H 19 ON a-isoPropyl-w-hexoamide (Jones and Pyman), 2597. 

9IV 

C 9 H 6 ONCl 6 2:4-Di(trichloromethyI)benzamide (Perkin and Stone), 2296. 
C 9 H 7 0 3 NBp 2 4:5-Dibromo-2-acetylaininobenzoie acid (Chapman and Stephen), 
1794. 

C 9 H 7 0 4 N 2 CI a-Acetyl-2-chloro-5-nitrobenzaldoxime (Brady and Bishop), 1361. 
C 9 H 8 0 2 NBp Acetyl-o-bromo-a-benzaldoxime (Brady, Cosron, and Roper), 2429. 
C 9 H 9 0Cl 3 Te Tellurium phenylethylketone trichloride (Morgan and Elvins), 
2631. 

C 9 H 9 0 3 N 2 C1 Acetylchloronitrotoluidines (Kenner, Tod, and Witham), 2346. 
C 9 Hio0 2 Bp 2 Se p-TolylselenoglycoUic acid dibromide (Morgan and Porritt), 
1759. 

C 9 H 10 O 2 Bp 4 Se ^-Tolylselenoglycollic acid tetrahromide (Morgan and Porritt), 
1759. 

C 8 H 18 OITe j?-Anisyldimethyltelluri-iodide (Morgan and Drew), 2314. 
C»Hi 4 0 2 Cl 2 Te 2-Methyl-4-propylcyeMeUuripentane-3s5-dione dichlorides (Morgan 
and Corby), 2616. 

C 9 H 17 0 2 N 2 Bp Bromomalondmopropylamide (West), 751. 

C 9 H 24 0 2 Cl a Te 4 -woButyl<^cZ0teHuripentane-3:5-dione l:l-dichloride (Morgan 
and Jones), 2619. 

Cxo Group. 

C 10 H 8 Haphthalene, equilibria of, in nitrobenzene solution (Brown), 345. 

C 10 H W Limonene, action of hydrogen peroxide on (Sword), 1632. 

Sylvestrene, occurrence of (Rac and Simonsen), 2494. 

C 10 His Decahydronaphthalene, isomerism of (Wightman), 1421. 

10 II 

C 10 H 8 0 4 l:2-Phthalide-4-acetie acid (Perkin and Stone), 2288. 

C 10 H 10 O 2 Benzoylacetone, thallous salt (Christie and Menzies), 2372. 

C 10 H 10 O 3 Phenyl a-methoxy-jS-hydroxyrinyl ketone (Malkin and Robinson), 
1192. 

Cn»Hi 3 0 4 m-Meeonme, preparation and nitration of (R£y and Robinson), 1618. 
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CioHioOi Meconines, synthesis of (Edwards, Perkin', and Stoyle), 195. 

C I0 HioO 5 4-Ethylcarbonatobenzoic acid (King and Murch), 2649. 
tJ 10 K 10 N a 2-Phenyl-l-methylglyoxaline, and its salts (Balaban and King), 
2714. 

CioHuN l:2-Dihydroquinaldine, synthesis of (Mason), 1032. 

C 10 H 12 0 2 ;4-I)imefchylacetoplienone (Perkin and Stone), 2283. 

C 10 H 12 0 2 Methyl 2:4-dimethylbenzoate (Perkin and Stone), 2284. 

C 10 H 12 0 3 Dimethoxyacetophenones (Pratt and Robinson), 1184. 

Ci 0 H 12 Bp ay-Dibromo-jB-phenyl-j3-methylpropane (Mills and Bains), 2504. 
C 10 H 13 Bp Bromo-a-phenyl-3-methyl propane (Troth an), 94. 

C w Hi 4 0 2 Camphorquinone, rotation of (Lowry and Gutter), 614. 

jS-Phenyl-jS-methylpropane-ay-diol (Mills and Bains), 2503. 

CioHxiC^ 2-Carboxy5wycZo-[4,l,0]heptane-l-acetie acid (Baker), 989. 

A 1 -ci/cZoHexene-l :2-diacetic acid (Baker), 990. 

CxoH 14 0 5 Anhydro-j3-methylpimelic-3-acetic acid (Farmer and Ross), 2364. 

1:2-Dihydroxy<n/efohexane-l :2-diacetolactone (Baker), 989. 

G 10 Hx 4 N 2 Nicotine, rotation of (Patterson and Pulton), 2439. 

CioHxsBr 3'Bromo-a-phenyl-3-methylbutane (Trotman), 91. 

CiqHisAs ^-Tolylmethylethylaxsine (Mills and Rater), 2481. 

CioH 19 0 Camphor, rotation of (Lowry and Cutter), 612; rotation of halogen 
derivatives (Cutter, Burgess, and Lowry), 1260, 

Tagetone (Jones and Smith), 2538. 

CioH i 6 0 2 Diethyldihydroresorcinol (Kon and Linstead), 819. 

Z-2:2:4-Trimethyl-A 3 -q/c?ohexene-l-carboxylic acid (Gibson and Simonsen), 
1303. 

CxoHxeOs Ethyl acetylsuccinate, halogenation of (Macbeth and Traill), 1118. 
C 10 H 16 O 6 /3-Methylpimelic-3-acetic acid (Farmer and Ross), 2364. 

C 10 H x6 N 2 cyc^Pentylideneazine, action of hydrochloric acid on (Perkin and 
Plant), 1138. 

C 10 H xs O Boraeol, rotation of (Lowry and Cutter), 614, 
77j-Dimetbyl-A ff -octen-€-one (Jones and Smith), 2534. 

a- and 3-Fenchyl alcohols, and their esters, rotatory powers of (Kenyon and 
Priston), 1472. 

Substance, from reduction of tagetone (Jones and Smith), 2538. 

CxoHisOa dl-sec. -Amylacety lacetone, and its copper salt (Morgan and Elvins), 
2628. 

C 10 H 18 O 4 waPropyl-7i-butylmalonic acid (Jones and Pyman), 2597. 

C 10 Hi 8 0 8 Tefcramethyl galactonolactone (Pryde, Hirst, and Humphreys), 352. 
CxoHxA Methyl arabotrimethoxyglutarate (Hirst and Robinson), 362. 

C 10 HsoO rn-Dimethyl-A<*-octen-€-ol (Jones and Smith), 2535. 

CioH 2 o0 6 Trimethyl methylglucoside (Irvine and Oldham), 2920. 

C 10 H 2 xN 7-Menthylamine, aluminioxalate of (Child, Roberts, and Turner), 
2972. 

CiqHjjO y7j-Dimethyloctan-€-ol (Jones and Smith), 2535. 

io m 

Ci & Hfi0 2 Cl$ Methyl 2:4-di(trichloromethyl)benzoate (Perkin and Stone), 2296. 
CxoH,OTl Thallous a-naphthoxide (Christie and Menzies), 2373. 

CxoH 7 0 2 N 4-Cyanomethyl-l:2-phthalide (Perkin and Stone), 2288. 

C10H7O4N 2-Carboxy-4:5-methylenedioxypBeny]aeetonitrile (Haworth and Pink), 

4:5-Methylenediexyhomophth alimide (Haworth and Pink), 1371, 
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10 III 


C xo H 8 0 2 C1 4 Methyl 2 : 4-di (dichlor ome thyl)benzoate (Perkin end Stone), 2291, 
C 10 H 8 O 3 N 4 Glyoxalinecarboxym troanilides, and their salts (Balaban and King), 
2705. 

CioH 8 0 4 N 2 j8-6-Nitropiperonylpropionitrile (Baker and Bobinson), 1428. 
C 10 H 8 NBp 2-Bromo-6-methylquinoline, and its salts (Conolly), 2085. 

C lo H*0 2 N j 8 -Piperonylpropionitrile (Baker and Bobinson), 1424. 

Ci 0 H 9 O a N 3 2 -p-Nitrophenyl-l-methylglyoxaline, and its salts (Balaban and 
King), 2710. 

C 10 H 9 O 2 Li Lithium benzoylacetone (+ 2 H a O) (Sidgwick and Brewer), 2388. 
Ci 0 H 9 O 2 Na Sodium benzoylaeetone {-f 2 H a O) (Sidgwick and Brewer), 2383. 
C 10 H 9 O s N Methoxyaeetanthranils (Heilbeon, Kitchen, Parkes, and Sutton), 

2173. 

l:2-PhthaHde-4-aeetamide (Perkin and Stone), 2288. 

C 10 H 9 0 4 N Acetyd-3:4-methylenedioxy-a-benzaIdoxime (Brady and McHtrGH), 
2422. 

Methoxymethylisatoic anhydrides (Heilbeon, Kitchen, Parkes, and Sutton), 

2174. 

Ci 0 H 9 O 4 Bf 6-Bromo-4:5-dimethoxyphthalide (Bay and Bobinson), 1622. 
C 10 H 9 0 5 N 4:5-Methylenedioxyhomophthamic acid (Haworth and Pink), 1371. 
C 10 H 9 O 8 N 6-Nitro-4:5-dimethoxyphthalide (Bay and Bobinson), 1621. 

j 8 - 6 *Nitropiperonylpropionic acid (Baker and Bobinson), 1428. 

C 10 H 9 O 7 N 3-Nitro-4-ethylcarbonatobenzoic acid (King and Murch), 2649. 
C 10 H 9 N 2 Bf 5-Bromo-4-phenyl-l-methy]glyoxaline, and its pierate (Forsyth and 
Pyman), 576. 

1:4-Di-j?-bromophenyl-3 :6 -diphenyl-1:4 -dihy dro*l :2:4:5-tetrazine (Chattaway 

and Walker), 982. 

C 10 H 9 N 4 Br ^-Bromobenzeneazomethylglyoxalines (Bustles and Pyman), 2016. 
C 10 H 9 G1 2 As Phenyl-0/T-dichlorodivinylarsine (Hunt and Turner), 997. 
C 10 H 10 ON 4 Glyoxalinecarboxyaminoanilides, and their salts (Balaban and 
Pyman), 2706. 

C 10 H 10 O 2 Br 2 Methyl 2:4-di(bromomethyl)benzoate (Perkin and Stone), 2287. 
€ 10 H 10 0 4 N 2 Acetyl-3-nitro-4-methyl-a-henzaldoxime (Brady, Cosson, and Borer), 
2432. . 

Ci 0 H 10 O 8 N 2 Glycerol «-mono-3:5-dmitrobenzoate (Fairbourne and Foster), 2763. 
C 10 H 10 N 2 S 2-Thiol-l-phenyl-4-methyIglyoxaline (Burtles, Pyman, and Boy- 
lance), 589. 

C 10 HnON 4-Ketomethyl-l:2:3:4-tetrahydroquinolines (Glemo and Perkin), 2303. 
C 10 H u 0 2 N 6-Methoxy-4«keto-l:2:3:4-tetrahydroquinolme (Clemo and Perkin), 
2306. 

CioHuOjjBf Methyl bromodimethylbenzoates (Perkin and Stone), 2285. 
C 10 HiAN 6-Amino-4:5-diraethoxyphthalide (Ray and Bobinson), 1622. 
CxoHnOjN 5-Nitro-4-methoxy-2-ethoxybenzaldehyde (Rao, Srikantia, and 
Iyengar), 559. 

6-Nitro-3-methoxy-2-etboxybenzaldehyde (Rubenstein), 2269. 

CioHu0 6 N 6-Nitro-3-methoxy-2-ethoxybenzoic acid (Rubenstein), 2269. 
C 10 H I2 0 2 N 2 Malonmonomethylmonophenylamide (West), 750. 

CioH 12 0 3 N 2 Acetonitrobenzylmethylamides (Holmes and Ingold), 1818. 
CioH I2 0 5 N 2 4-Hitro-2:5-dimethoxyacetanilide (Rubenstein), 2003. 

CioH 12 o 5 s a . a-^-Toluenesnlphonoxypropionic acid, rotatory power and reactions 
of (Kenyon, Phillips, and Turley), 412. 

Ci 0 H 13 ON Acetomethyl benzylamide (Holmes and Ingold), 1818. 

C 10 H 18 OCl «-Chloro-7-hydroxy-i8-phenyl-j3-metbylpropane (Mills and Bains), 
2504. 
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CioHisOBr a-Bromo-7-hydroxy-j8-phenyl-j3-methylpropane (Mills and Bains), 
2504. 

Ci 0 H 13 0 2 N 7-Piperonylpropylamine, and its hydrochloride (Baker and Robin- 
son), 1428. 

CjoHi 3 0 2 Br £-Bromocamphorquinone (Burgess and Lowry), 277. 

C 10 Hi 3 O 3 N3 5-3-Carbethoxyphenylsemicarbazide, and its hydrochloride (Wilson 
and Crawford), 107. 

C10H15O2BP Ethyl 2-hromo-A 1 -c2/c?ohexeneacetate (Baker), 988. 

C10H15O5CI Ethyl a-chloroacetylsuecinate (Macbeth and Traill), 1120. 

C10H16O2BF2 Ethyl 1:2-dihromocycZohexane-1 -acetate (Baker), 988. 

CioHi 6 0 2 Te 4-scc.-AmylcycZotelluropentane-3:5-dione (Morgan and Elvins), 
2824. ‘ 

CioHifON Tagetone oxime (Jones and Smith), 2538. 

CioHi 7 ON s «"Methyl-AL«/cZopentenylacetone semiearbazone (Kon and Linstead), 
821. 

CjoH^OaN d-2:2:4-TrimethylcycMiexan-3-one-l-cai*boxylic acid oxime (Gibson 
and Simonsen), 1298. 

CjoH 17 0 3 N3 l-Methylc?/c^hexan-3-one-l-acetic acid semiearbazone (Farmer and 
Ross), 2365, 

Ci 0 Hx,0 4 C1 Ethyl 7-chlQro-a-methylglutarate (Ingold), 394. 

C i0 H 17 O 4 Bp Ethyl 7-bromo-a-methylglutarate (Ingold), 393. 

CioH 17 0 4 I Ethyl a-iodo-a-methylglutarate (Ingold), 394. 

CiqH 19 ON 7^-Dimethyl-Aa-octen-€-one oxime (Jones and Smith), 2535. 
n- and w-M«nthoneoximes (Read and Cook), 2786. 

C l0 H 19 OsN 8 jS-isoValeryl-a-methylpropionic acid semiearbazone (Jones and 
Smith), 2536. 

C 10 H 19 O 8 N Trimethyl methylglucoside 6-mononitTate (Oldham), 2841. 

C 10 H 2 oO«S a Menthanedisnlphonic acid, barium salt (Kqlker and Lap worth), 
314. 

C 10 H 21 ON 777-Dimethyloctan-e-one oxime (Jones and Smith), 2535. 

CiftH S iO s N Tetramethyl galactonamide (Pryde, Hirst, and Humphreys), 353. 

10 IV 

CioH 7 0 2 IS Naphthalene-2-sulphonyl iodide (Gibson, Miller, and Smiles), 
1823. 

C 10 H 9 0 6 BpS 4-Bromo-2-carboxy-5-methoxypbenylthiolacetic acid (Griffith and 
Hope), 994, 

CxoH 9 0 6 N 4 As Glyoxalineearboxy-p-amino-3-nitrophenylarsinic acid, (+H 2 0) and 
its salts (Balaban and King), 2708. 

C 1 oHio0 2 N 2 Bp 2 Bromomalonmonomethylmono-j?-bromophenylamide (West), 751. 

C ltl Hi 0 0 4 NBP 5-Bromo-2-acetylamino-4-methoxybenzoic acid (Griffith and 
Hope), 993. 

CmHxoC^NsAs Glyoxalinecarboxy-^-aminophenylarsinie acid, (-J-U a O) and its 
salts (Balaban and King), 2708. 

C i0 HiiOCl s Te Tellurium phenyl-rc-propylketone trichloride (Morgan and Elyins), 

C 10 H u O*N 2 Bp Bromomalonmono-p-tolylamide (West), 752. 

CioHu0 4 N 4 As GlyoxaHneearboxy-jp-ammo-3-aminophenylarsinic acid, (+JH a O) 
and its salts (Balaban and King), 2709. 

CioH IS OsNCl 5-ChIoro-2-acetylaraino-4-methoxytoluene (Heilbron, Kitchen. 
Parkes, and Sutton), 2175. 

C 10 H 12 0 2 NBf 5-Bromo-2-acetylamino-jo-tolyl methyl ether (Griffith and Hope). 
992. * 

C 10 HxaO s NBP 4-Bromo-2:5-dimethoxyacetanilide (Rubenstein), 2003. 
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10IV-11II 


C 10 H ia O 6 NAs 3-Acetylamino-4*acetoxyphenyIarsinic acid (King and Murch), 
2651. 

C 10 H 13 ONS woPropyl phenylthiocarbamate (Birch and Norris), 904. 

Ci 0 H 13 O 2 NS &oPropyl mercaptan ^-nitrobenzyl ether (Birch and Norris), 904. 

C 10 H 13 O 2 SAs i?-Carboxyphenylmethylethylarsme sulphides, and their salts (Mills 
and Rarer), 2481. 

C 10 H 13 0 4 NS ^-a-j 7 -Toluenesu]phonosypropionamide (Kenyon, Phillips, and 
Turley), 412. 

C 10 Hi 5 0 4 SBf jS-Bromocamphor-a*sulphonic acid, and its salts (Burgess and 
Lowry), 271. 

CioH 16 0 2 Cl 2 Te 4-we.-Amylci/eZotelluripentane-3:5-dione dichloride (Morgan and 
Elvins), 2624. 

CioH ls 0 2 Cl s Te Tellurium hismefchylpropylketone dichlorides (Morgan and 
Elvins), 2628. 

10 V 

Ci 0 H 12 0 2 ClBrS a-Bromocamphor-w-chlorosulphoxide (Burgess and Lowry), 282. 

CioH 14 0 3 C1BpS jS-Bromocamphor-a-sulphonyl chloride (Burgess and Lowry), 
271. 

Ci 0 H 15 O 3 NBp 2 S a'/S-Dlbromocamphor-a-sulphonamide (Burgess and Lowry), 
277. 

CxoH 16 0 8 NBpS 3 -Bromocamphor-a-sulphonaruide (Burgess and Lowry), 275. 

Ci 0 Hi S O 4 NBpS Acetyl-jS-bromocainphor-a-sulphonamide (Burgess and Lowry), 
276. 


Cn Group. 

C u H 8 0 6 Piperonylsuccinic anhydride (Baker and Lapworth), 566. 

CnHxoO* 7-Acetoxy-3:4-dihydrocoumarin (Chapman and Stephen), 890. 

Anisykuceinic anhydride (Baker and Lapworth), 566. 

CqHxoOs 3-Methoxy-5:7-dihydroxy-2-methylcliromone (Kalff and Robinson), 
1972. 

GuHi 2 02 2 -Hydroxystyryl ethyl ketone (McGookin and Sinclair), 2542. 

CiiHi 2 0 5 Anisylsnccinic acid (Baker and Lapworth), 565. 

CxiHxaOa Vanillylsuccinic acid (Baker and Lapworth), 564. 

CuHi 4 0<j A 1 -^c/aHexene-l<acetiC“2-malonic acid (Baker), 988. 

CiiHiaOjj ^-Phenyl- 7 -methylbutylene /Sy-glycol, synthesis of (Roger), 522. 

C u H 16 0 4 2:3-Dimethoxyben2aldehyde dimethylacetal (Haworth and Perkin), 
1437. 

Acetyl derivative of lactone C 9 H 14 0 3 (Goodhon and Henry), 1648. 

CxxH 13 0 2 Methyl £-2:2:4-trimeihyl-A s -c?/dohexene-l-carboxylate (Gibson and 
Simonsen), 1302. 

C u Hi 8 0 3 Ethyl l-methyl^ohexan-3-one-l-acetate (Farmer and Ross), 2365. 

CxxHisOs Methyl d-2:2:4-trimethyl{jyc7ohexan-3-one-l-carboxyIate (Gibson and 
Simonsen), 1299. 

C n Hx 8 0 5 Ethyl a-keto-/S£-dimethylglutarate (Rothstein, Stevenson, and 
Thorpe), 1079. 

C u Hi 8 O s aa'-DihydroxycycZoheptane-l :l-diacetie acid, and its silver salt (Baker), 
1681. 

CixH 18 N 2 cycZaHexylidenecycZapentylideneazine (Perkin and Plant), 1141. 

GnHsoOs vi-Octoylacetone, and its copper salt (Morgan and Holmes), 2892. 

CxxH^Os Methyl ^m«s-i-3-hydroxy*2:2:4-trimethylc2/cZchexane-l-carhoxylate (Gib¬ 
son and Simonsen), 1302. 

Ethyl isovaleryl-o-methylpropionate (Jones and Smith), 2536. 
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11 III 

ChH 9 0 3 N a-Carbethoxy-y-hydroxy- 7 -phenyl-A£-propenecarboxylamide (R. M. and 
J. N. RAy), 2722. 

CiiHio0 4 Br a aa'-Dibromo-S-phenylglutaric acid (Haerdi and Thorpe), 1242. 
CnH n ON 4-Methoxy-6-methylquinoline (Clemo and Perkin), 2305. 

CxiHu0 2 N 3 3-mPropylideneaminotetrahydroquinazoline-2:4-dione (Wilson and 
Crawford), 109. 

C11H11O4N 2-Carboxy-4:5-dimethosypbenylacetonitrilej(HAWORTH and Pink), 1370. 

4;5-Dimethoxyhomophthalimide (Haworth and Pink), 1370. 

C 11 H 11 O 4 BP 0 -Bromobenzylidene diacetate (Brady, Cosson, and Roper), 2429. 
C 11 H 11 N 4 BP 2-p-Bromobenzeneazo-4:5-dimethylgIyoxaline, and its hydrochloride 
(Burtles and Pyman), 2014. 

CxiHi 2 0 2 N 2 Methoxy dimethyl-4-quinazolones (Heilbron, Kitchen, Parkes, and 
Sutton), 2173, 

CuHi 2 0 5 N 2 Succin-2-nitro-^-toluidic acid (Brady, Quick, and Welling), 2267. 
C u H 12 0 7 N 2 Acetyl derivative of trimethylene glycol monodinitropbenyl ether 
(Fairbourne and Foster), 2762. 

CuHi 2 N 2 S 2-Ethylthiol-l-phenylglyoxaline, picrate of (Burtles, Pyman, and 
Roylance), 590. 

C 11 H 13 GN 3 p-Tolueneazoallylformaldoxime (Walker), 1862. 

CuH 13 0 2 N Diaeetylbenzylamine (Holm.es and Ingold), 1820. 
6-Ethoxy-4-keto-l:2:3:4-tetrahydroqmnoline (Clemo and Perkin), 2306. 

£-Yeratrylpropionitrile (Baker and Robinson), 1433. 

CuHi 3 0 3 N Acetyl-4-methoxy-3-methyl-a-benzaldoxime (Brady, Cosson, and 
Roper), 2431. 

C 11 H 13 O 4 N Carbethoxymethylanthranilic acid (Heilbron, Kitchen, Parkes, and 
Sutton), 2171. 

5-Nitro-4-allylveratrole (Lions, Perkin, and Robinson), 1167. 

C u H 13 0 6 N 4:5-Dimethoxyhomophthalamic acid (Haworth and Pink), 1370. 
Nitro-2:3-diethoxybenzaldehydes (Rubenstein), 2269. 

ChH 1 s 0 6 N Methyl 2-cyano^cfobutane-l:2:3-tricarboxylate (Ing and Perkin), 
2396, 

ChH 16 0 2 N 6:7-Dimethoxy-l:2:3:4-tetrahydrow^qninoline, and its hydrochloride 
(Forsyth, Kelly, and Pyman), 1666. 

CuH 14 0 2 N* Malonmonoethylmonophenylamide (West), 750. 

Malonmonomethylmono-j3-tolylamide (West), 751. 

C u Hi 5 Oi 0 N Acetonitropentose (Oldham), 2345. 

CuHi|0 2 N 2 ^Pilocarpines, and their salts (Burtles, Pyman, and Roylance), 

G 11 H 17 ON 3 Base, and its salts, from chenopodium oil (Henry and Paget), 1656, 
CuHxAN Ethyl as-dimethylcyanosnccinate, preparation and stability of (Ingold), 

CixHxsOaT© 2-7i-Hexylc^c7otellnropentane-3:5-dione (Morgan and Taylor), 805 .* 
CuH 19 0N 3 a-Ethyl-A i -c?/c^(?pentenylacetone semicarbazone (Kon and Ltnstrad), 

C u H 1& 0 3 M Methyl c?-2;2:4-trimethylci/c?ohexan-3-one-l-carboxylate oxime (Gibson 
and Bimonsen), 1299. v 

CnH^ONs 77 j-Hijnethyl-Aa-octen-e-one semicarbazone (Jones and Smith)) 2535. 

dZ-Menthonesemicarbazones (Read and Cook), 2787. 

CxxH 2S ON 3 yjj-Dimethylpctan-e-one semicarbazone (Jones and Smith), 2535 
S-Menthylsemiearbazide, and its hydrochloride (Wilson and Crawford), 
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11IV—12 III 


11 IV 

C n H 9 0NS a-Thioeyanostyryl methyl ketone (Challenger and Bott), 1010. 

CnHjoOaNIs Thyroxin, relation of, to tryptophan (Hicks), 771. 

CuHuOABp, Bromomalonmonoethylmono-^-bromophenylamide (W est), 751. 

^xiHisONS Substance, from carvone and thiocyanogen (Challenger and Bott), 
1041. 

CnHxaOgNaBP Bromomalonmonomethylmono-p-tolylamide (West), 751. 

CuH 14 ON 2 S 2-Anilino-5-ethoxy-4:5-dihydrothiazole (Burtles, Pyman, and 
Roylance), 590. 

CiiHxgONS zsoButyl phenylthiocarbamate (Birch and Norris), 905. 

CiiH ls 0 2 Cl 2 Te 2-?i-HexylcycZoteUuripentane-3:5-dione l:l-dichloride (Morgan 
and Taylor), 804. 

C u H 20 0 2 NBr 4-Carboxybispiperidinium-l:l'-spiran bromide, and its picrate 
(Mills and Bains), 2506. 

11 V 

CnHaONBTgS a-Thiocyanostyryl methyl ketone dibromide (Challenger ard 
Bott), 1041. 

Ci 2 Group. 

C 12 HxoOe Carboxyphenylparaconic acid (Habrdi and Thorpe), 1246. 

C 12 H 10 N 2 3-Methyl-3-&ocarboline (Armit and Robinson), 1612. 

Ci 3 H 14 0 2 3-Benzylacetylaeetone, and its salts (Morgan and Taylor), 801. 

2- Hydroxystyryl ti- propyl ketone (McCookin and Sinclair), 2542. 

jS-Phenylpropionylacetone, copper salt (Morgan and Jones), 2619. 

CigHxA 3-Methoxy-4-hydroxystyryl ethyl ketone (McGookin and Sinclair), 2543. 

Cx 2 H 14 N 2 l-Anllmo-l-eyanocycfopentane (Plant and Facer), 2038. 

G 12 HiA Benzoyl dimethyl glycerol (Gilchrist and Purves), 2743. 

Ethyl ethane- 1:a II l: *d-methylcyefchexa-S;5-dione-2-carboxylate (Farmer and 
Ross), 2866. 

C 12 H 1 A «:3:4:5-Tetramethoxyacetophenone (Pratt and Robinson), 173. 

Ci 2 Hi 6 0s Dextrin triacetate (Irvine and Oldham), 2915. 

Methyl cy^ohutane-l:2:2:3-tetracarboxylate (Ing and Perkin), 2395. 

Ci 3 H 18 0 5 Ethyl hydrogen l-methylcycfohexan-3-one-4-carboxy!ate-3-acetate 
(Farmer and Ross), 2366. 

<^efcHeptane^> 0 d-methoxycyc?opropane-l: 2 -diearboxylic acid (Baker), 1680. 

CifiHaoOs Ethyl methoxycaronate (Rothstein, Stevenson, and Thorpe), 1079. 

C 12 H a A Tetramethylglucose, mutarotation of, in various solvents (Lowry and 
Richards), 1385. 

C 12 H 20 N a cycfoHexylideneazine, action of hydrochloric acid on (Perkin and* 
Plant), 1138. 

CxAxO* 3-sec. -Amyldipropionylmethane (Morgan and Elvins), 2624. 

CxAaO, w-Nonoylacetone, and its copper salt (Morgan and Holmes), 2893. 

CxAA Z-Menthyl glycollate (Role and Smith), 2191. 

Ci a HsA Diethyl a-keto-/83-dimethylpentane-«7*dicarboxylate (Rothstein, 
Stevenson, and Thorpe), 1077. 

Ethyl ester of acid, C S H 2 A (Goss and Ingold), 2779. 

OxsH 2 a0 6 Ethyl phenylcyc^propanetricarboxylate (Haerdi and Thorpe), 1246. 

C 12 H 2 A Laurie acid, potassium salt, effect of potassium chloride on solutions of 
(Quick), 1401. 

12 III * 

C 13 H 8 C1As oo'-Diplienylylenearsenious chloride (Aeschlimann, Lees, MoClE- 
land, and Nicklin), 68, 
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Ci 2 H 8 Cl 3 As Di-^-chlorophenylchloroarsine (Hunt and Turner), 2671. 

C 12 H 9 O 2 AS oo'-Diphenylylenearsinic acid (Aeschlimann, Lees, MoCleland, and 
Nicklin), 68. 

Ci 2 H 9 0 3 As Diphenylyl-o-arsinic acid (Aeschlimann, Lees, McCleland, and 
Nioklin), 68. 

Ci a Hi 0 O 2 Se a-Naphthylselenoglycollic acid (Morgan and Porritt), 1768. 

C 12 H 10 N 2 S 3 d^'-Diaminodiphenyl trisulphide, and its hydrochloride (Hodgson 
and Wilson), 443. 

Ci 2 H u 0 4 N a-Cyano-j 8 -veratrylacrylic acid (Baker and Robinson), 1432. 

CisHiABr Methyl hydrogen l-bromo- 3 -phenykycZopropane-l: 2 -dicarboxylate 
(Haerpi and Thorpe), 1244. 

Ci 2 H n 0 4 As 0 -Phenoxyphenylarsinic acid (Turner and Sheppard), 546. 

C 12 H 11 O 5 N 3 Pyridine 3:5-dinitro-o-tolyl oxide (Gibson), 45. 

Ci 2 H 12 02 N 3 Ethyl 4(5)-phenylglyoxaline-5(4)-earboxylate (Forstth and Pyman), 
58°. 

Methyl 3 -amino- 2 -methylcinchoninate (Gullanp and Robinson), 1497. 

C 12 Hx 2 0 2 Te 2-BenzyleycZotelluropentane-3:5-dione (Morgan and Jones), 2620. 

4-BenzyIcycZotelluropentane-3:5-dione (Morgan and Taylor), 801. 

C 12 Hx 20 3 N 2 6:7-Dimethoxy^oqmnoline-l-carboxylarnide (Haworth and Perkin), 
1442. 

C 12 H 13 ON IndoxylspZrocycZopentane, alkali salts of (Sidgwick and Plant), 209. 

C 12 H 13 O 3 N Carbethoxy-a-cinnamaldoxime (Brady and McHugh), 2426. 

C 12 H l 3 0 4 N a-Cyano-jS-veratrylpropionic acid (Baker and Robinson), 1433. 

Cx 2 Hi 4 0 3 N 2 l'AnilinocycZopentane-l-carboxynitrosoamine (Plant and Facer), 
2039. 

C 13 H 16 0 2 N 1 - Anilinocy cZopen tan e -1 - carboxyl ic acid (Plant and Facer), 2039. 

C 12 HX 5 O 2 N 3 Nitrosoamine of 1 -anilinocycZopentane-l-carboxylamide (Plant and 
Facer), 2039. 

C^HisOaBr a-Bromo- 7 -acetoxy-j 8 -phenyl-^-methylpropane (Mills and Bains), 
2505. 

G 12 H 15 0 3 N Acetylpiperonylpropylamine (Baker and Robinson), 1429. 

CxsHxeONa 1 - Anilinoci/cZopentaiie -1 -carboxylamide (Plant and Facer), 2039. 

CxsHxeOaNs Malonmonoethylmono-p-tolylamide (West), 751. 

C 12 H 17 0 2 Bp Bromoacetoxydihydro-p-cynienc (Henry and Paget), 1658. 

Cx 2 Hx 8 0 2 N 2 Ethylenediaminobisacetylacetone, diaquocobalt salt (Morgan and 
Smith), 2034. 

CxaHxaOa^ Diphenylcarbamy 1 - 9 -me thoxy-£-b en zaldoxime (Brady and McHugh), 
2426. 

, CxaHa 0 0 2 Te 2-»-Heptylcyc^telluropentane-3:5-dione (Morgan and Taylor), 805. 

‘{^HsiOgNs Ethyl l-methylcycZohexan-3-one -1 -acetate semicarbazone (Farmer and 
Ross), 2365. 

Methyl d-2:2:4-trimethyJc?/cZohexan-3 -one -1 -carboxylate semicarbazones (Gibson 
and Simonsen), 13Q0. 

Cx 2 H 22 0 2 H iWMethylol-Aw-nndecenoamide (Jones and Pyman), 2598. 

12 IV 

Cx 2 H 7 OC 1 3 As Dichlorophenoxarsines (Roberts and Turner), 2010 . 

Ci 2 H 8 OC1As 6 -Chlorophenoxarsine (Turner and Sheppard), 544. 

C 12 H 8 OC1 8 As Ghlorophenoxyphenyldichloroarsines (Roberts and Turner), 2009, 

G 12 Ha0 3 NGl Chloronitrodiphenyl ethers (Roberts and Turner), 2008. 

C 12 H 8 0 8 G1As Ohlorophenoxarsinic acids (Roberts and Turner), 2010 . 

CiaHxoONCl Chloroaminodiphenyl ethers, and their hydrochlorides (Roberts and 
Turner), 2008. 
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C 12 H 10 O 4 C1As Cklorophenoxyphenylarsinic acids (Roberts and Turner), 2009. 

C 13 H 12 0 2 N 2 S Ethyl 2-thiol-4(5)-phenylglyoxaline-5(4)-carboxylate (Forsyth and 
Pyman), 579. 

Ci 2 Hi 20 3 CIaTe 4~Benzylc^cfotelluripeatane-3:5-dione 1 : 1 -dichloride (Morgan and 
Taylor), 801. 

C 12 H 14 O 2 NI 6:7-Dimethoxy woquinoline methiodide (Forsyth, Kelly, and 

Pyman), 1666. 

C 12 Hi 40 2 N 3 Te 4-Benzylc#efotelluropentane-3:5-dionedioxime (Morgan and 
Taylor), 801. 

C 12 H 15 0 2 N 2 Br Bromomalonmonoethylmono-p-tolylamide (West), 751. 

C 12 H l6 ON 2 S 2-Anilino-5-ethoxy-4-methyl-4:5-dihydrothiazole, picrate of (Hurtles, 
Pyman, and Roylance), 589. 

Ci 2 H 2 o0 2 Cl2Te 2-w--Heptyl<^cfotelluripentane-3:5- dione 1:1-dichloride (Morgan 
and Taylor), 805. 

C 12 H 21 0 2 Cl 3 Te Tellurium ?i-nonylacetone trichloride (Morgan and Taylor), 806. 

C 12 H 2a 0 2 Cl 2 Te Tellurium bismethylbutylketone dichlorides (Morgan and 
Elvins), 2629. 

Tellurium bispinacolin dichloride (Morgan and Elvins), 2630. 

WACO Diamminoethylene diaminobisacetonecobaltic hydroxide, salts of 
(Morgan and Smith), 2034. 

C 12 H 36 Cl 2 Sb 4 P(I Tetrakistrimethylstibinepalladous chloride (Morgan and 
Yarsley), 190. 

12 V 

C 12 H 6 0 2 Cl 2 Br 2 S 2 2:5-Dibromophenyl 2:5-dichlorobenzenethiolsulphonate (Miller 
and Smiles), 230. 

2:5-Dichlorophenyl 2:5-dibromobenzenethiolsulpbonate (Miller and Smiles), 
230. 

C 12 H 7 0 4 NC1 2 S2 2:5-Dichlorophenyl 2-nitrobenzenethiolsulphonate (Miller and 
Smiles), 230. 

2-Nitrophenyl 2:5-dichlorobenzenethiolsulphonate (Miller and Smiles), 229. 

Ci 3 Hg0 4 NClS 2 2 -Nitrophenyl 4-chlorobenzenethiolsulphonate (Miller and 
Smiles), 229. 

C l 2 H 3 6 Cl 4 SbPtPd Tetrakistrimetbylstibineplatinons palladochloride (Morgan and 
Yarsley), 189. 

Cis Group. 

C ls H n As Diphenylylenemethylarsine (Aescblimann, Lees, McCleland, and 
NroKLiN), 69. 

CiaHiaOe Acetovanillylsuccinic anhydride (Baker and Lap worth), 565. 

a-Carbethoxy- 7 -hydroxy- 7 -phenyl-A)S.propenecarboxylactone (R. M. and J. N. 
RAy), 2722. 

Ethyl 4-hydroxymethyl-l: 2 -phthalideoxalate (Perkin and Stone), 2287. 

C 13 H 12 0 7 2:4:6-Triacetoxybenzaldehyde (4- JH a O) (Pratt and Robinson), 1184. 

CiaH 13 N Benzylaniline, reactions of antimony halides with (Vanstone), 552. " 

CiaH^Os 2-Ethoxy-3-phenylcycfopropane-l:2-dicarboxylic acid, and its silver salt 
(Haerdi and Thorpe), 1242. 

C 13 H 18 0 2 3-BenzylpropionyIacetone, and its copper salt (Morgan and Corby), 
2618. 

C la Hi«O s 3-Methoxy-4-hydroxystyryl w-propyl ketone (McGoqkin and Sinclair), 
2543. 

C 13 H 20 O 2 j 8 -Phenyl“ 7 -ethylamylene / 87 -glycol (Roger), 523. 

C 13 H 20 O 6 75-Dicarbethoxy-7-hydroxy-83-dimethylbutane-o-carboxylactone (Roth- 
stein, Stevenson, and Thorpe), 1080. 
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Ci 3 H ao 0 9 Triacetyl methylglucoside (Oldham), 2844. 

C 13 H 22 O 4 Z-Menthyl hydrogen malonate (Rule and Smith), 2192. 

C 13 H 22 0* Ethyl os-dimethylcarboxysuccinate (Ingold), 473. 

Ci 3 H 24 0 3 Z-Menthyl methoxyaeetate (Rule and Smith), 2191. 

C 13 H 2 40 e Ethyl j 8 j 8 '-dimethoxydiethylmalonate (Bennett), 1279. 

13 III 

C 13 H 7 0 8 N 8 Picrylnitrobenzsyttaldoximes (Brady and Klein), 846. 

C 13 H 8 0 7 N 4 Picrylbenzs 2 / 7 ialdoxime (Beady and Klein), 846. 

C 13 H 8 N 2 Cl 4 Benzaldehydetetrachlorophenylhydrazone (Humphries, Humble, and 
Evans), 1307. 

C l3 H 8 NAs oo'-Diphenylylenearsenious cyanide (Aeschlimann, Lees, MoCle- 
land, and Nicklin), 69. 

C 13 H 9 N 2 Cl 3 Benzaldehyde-^-chlorophenylhydrazone (Humphries, Humble, and 
Evans), 1306. 

Chlorobenzaldehyde-2:4-dichlorophenylhydrazones (Humphries, Humble, and 
Evans), 1307. 

C 13 HbN 2 Bp 3 Bramobenzaldehyde-2:4-dibromophenylhydrazones (Chattaway and 
Walker), 980. 

C 13 H 10 O 2 N 2 Anhydro-3-acety lamino- 2 -methy Icinchoninic acid (Gulland and 

Robinson), 1498. 

Ci 3 H 10 O 4 N 2 m-Nitrophenyl phenylcarbamate (Brady and Harris), 2176. 

C 13 Hi 0 O 6 N 4 Nitrohydroxybenzaldehyde-jj-nitrophenylhydrazones (Hodgson and 
Beard), 880. 

Ci 3 H n ON Benzanilide, reactions of antimony halides with (Vanstone), 650. 

Ci 3 H n 0 2 N PhenylcycZoiminotolnqninone (Chattaway and Parkes), 1310. 

Ci 3 H u 0 2 N 3 Phenylaziminotolnquinone (Chattaway and Parkes), 1309. 

C 13 H xl N 3 Br 2 Benzaldehyde-2:4-dibromophenylhydrazidine (Chattaway and 
Walker), 981. 

Ci 3 Hi 2 0 3 N 2 3-Acetylamino- 2 -methylcincboninic acid (Gulland and Robinson), 
1497. 

C X 8 H X 2 BpAs jp-Broraodiphenylmethylarsine (Hunt and Turner), 2670. 

G ls H l3 0N 3 3-p-Hydroxybenzeneazo-2:6-Iutidine, and its hydrochloride (Gulland 
and Robinson), 1495. 

G 13 H 13 0 4 BP Methyl l-bromo-3-phenylcycZopropanc-l:2-dicarboxylate (HaerdI 
and Thorpe), 1244. 

Lactone of ethyl «-hromo-a'-hydroxy*i8-phenylglutarate (Haerdi and Thorpe), 

C X 3 H X 4 ON* 2:4;2':4'-Tetra-aminobenzopbenone (Gulland and Robinson), 1499. 

Ci 8 Hi 4 0 2 Te 4-Benzyl-2-methylcycZotelluropentane-3:5-dione (Morgan and Corby), 
2618. 

C 18 Hi 4 0 8 N 2 isoPropylidene glycerol 3:5-dinitrobenzoate (Fairbourne and Foster), 
2763. 

Ci 3 5i 4 0 4 Bp 2 Methyl aa'-dibromo-£-phenylglutarate (Haerdi and Thorpe), 1241. 

C 13 H 15 0 3 N Dimethoxy-2:4-dimethylqninolines, and their salts (Lions, Perkin, 

. and Robinson), 1162. 

C 2 iH 15 0 2 N 3 3-DiphenyImethyleneammotetrahydroquinazoline-2:4-dione (Wilson 
and Crawford), 108. 

C 13 H 15 0 4 N 5-o-Formylaminobenzoylvaleric acid (Paterson and Plant), 1798. 

Ci 3 H 15 0 4 Bp Methyl a-bromo-^-phenylglutarate (Haerdi and Thorpe), 1241. 

C X 3 H X7 ON Methylpentenoic acid ^-toluidides (Kon and Linstead), 623. 

C 13 H 17 O s N 5-Acetylamino-4-allylveratrole (Lions, Perkin, and Robinson), 1168. 

$ Dimethoxyanilinopropenyl methyl ketones (Lions, Perkin, and Robinson), 
1162. 
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CisHuOsNa Acetone-S-carbetlioxyphenylsemicarbazones (W ilsok and Crawford), 
108. 

CxsHigOaNa Malonmonowopropylmono- 2 ?-tolyIamide (West), 751. 

C 13 H 18 0 3 N 2 Anhydrocotarninemethylamine, and its salts (Haworth and Perkin), 
1444. 4 

C 13 HX 6 O 2 N Dimethoxy-2:4-dimethyl-l:2:3:4-tetrahydroquinolmes, and their salts 
(Lions, Perkin, and Bobinson), 1162. 

CxaHxgOal Triacetyl methylgluooside 6 -iodohydrin (Oldham), 2844 . 

C 13 H 19 O u N Triaoefcyl methylglucoside 6 -nitrate (Oldham), 2843. 

13 IV 

Cx 3 H 6 02 N 3 C 1 s l-Trichlorophenyl-3-o-nitrophenyksodiazomethanes (Chattaway 
and Walker), 2412. 

C 13 H 7 O 2 N 3 CI 3 l- 2 : 4 -Dichlorophenyl- 3 - 0 -nitrophenyk*$ 0 diazomethane (Chattaway 
and Walker), 2412. 

Ci 3 H 7 0 2 N 3 Cl 4 w-Chloronitrobenzaldehydetrichlorophenylhydrazones (Chattaway 
and Walker), 1690, 2413. 

Ci 3 H 7 0 2 N 3 Br 2 1 - 2 : 4 -Dibromophenyl- 3 - 0 -nitrophenyk$ 0 diazomethane (Chattaway 
and Walker), 2411. 

C 13 H 7 0 2 N 3 Br 4 ftj-Bromo-m-nitrobenzaldehydetribromophenylhydrazone (Chatta¬ 
way and Walker), 1695. 

Ci 3 H 8 0 2 NBp 3 2:4:6-TribromoplieBylcycZoiminotoluqiunone (Chattaway and 
Parkes), 1311. 

C 13 H 8 02 N 3 C 1 l-^-Chlorophenyl-3-o-nitrophenyk‘s<?diazomethane (Chattaway and 
Walker), 2412. 

C 13 H a 0 2 N 3 Cl 8 w-Chloronitrobenzaldehydedichlorophenylhydrazones (Chattaway 
and Walker), 1691, 2413. 

C 13 H 8 O 2 N 3 BP l-^-Bromophenyl-S-o-nitrophenyKsodiazomethane (Chattaway and 
Walker), 2410. 

C 13 H 8 02 N 3 Bp 3 co-Bromonitrobenzaldehydedibromophenylhydrazones (Chattaway 
and Walker), 1695, 2411. 

C 13 H 8 O 3 NBP 3 s-Tribromophenyl ^-nitrobenzyl ether (Holmes and Ingold), 1809. 

C 13 H 3 0 3 N 3 C1 3 ^-N'itrobenzoyltrichlorophenyihydrazines (Chattaway and Wal¬ 
ker), 1698. 

Cx 3 H 8 0 4 HCI 3-Chloro-2-nitropbenyl benzoate (Hodgson and Moore), 1601. 

C 13 H ft 0 2 NCl 2 DichlorophenylcycZoiminotoluqmnones (Chattaway and Parkes), 
1311. 

CxaH^NBPa 2 : 4 -Dibromophenylc 2 /cZoiminotoluqninone (Chattaway and Parkes), 
1311. 

CxsHaO^NaCla «-Chloronitrobenzaldehydechlorophenylhydrazones (Chattaway 
and Walker), 1690. 

C 13 H 9 0 2 N 8 BP 2 w-Bromonitrobenzaldehydebromopbenylbydrazones (Chattaway 
and Walker), 1695. 

CigHaOiN^Cljj Hitrobenzaldehydetrichlorophenylhydrazidines (Chattaway and 
Walker), 1694. 

C 13 H 9 0 3 NsBp 2 4;6-Dibromo-3-hydroxybenza3dehyde-^-nitrophenylhydrazone (Hodg¬ 
son and Beard), 881. 

jS-Nitrobenzoyldibromophenylhydrazines (Chattaway and Walker), 1698. 

CisHgNaCIBPa «*Chlorobenzaldehyde-2i4-dibromophenylhydrazone (Chattaway 
and Walker), 981. 

Cx 3 Hio0 2 NC1 p-ChlorophsnylcycZoiminotolnqninone (Chattaway and Parkes), 
1311. 

C 13 H xo 0 2 NBp ^-Bromophenyl^cZoiminotolnqninone (Chattaway and Parkes), 



13 IV—13 V 


FORMULA INDEX. 


C 13 H 10 O 2 N 4 CI 2 7 ft-Nitrobenzaldehyde- 2 : 4 -dicMorophenyl]iydrazidine, and its hydro- 

chloride (Chattaway and Walker), 1694. 

Ci 3 Hio0 2 N 4 Br 8 NitrobenzaMehydedibromophenylhydrazidines, and their hydro¬ 
chlorides (Chattaway and Walker), 1697. 

CX 3 H 10 O 2 CI 2 S 2 4-Tolyl 2 : 5 -dichlorobenzenethiolsulphonate (Gibson, Miller, and 
Smiles), 1824. 

C 13 H 10 0 3 N 3 Bp Bromohydroxybenzaldehyde-j>nitrophenylhydrazones ( Hodgson 
and Beard), 881. 

C ia H 10 0 8 N 3 As Dinitrobenzoyl-4-aminopbenylarsinic acids (King and Murch), 

2637. 

CxsHioNsBrsS 1 -Anilinobenzthiazole tribromide (Hunter), 2026. 

C ls H u 02 NSa Benzyl 2-nitrophenyl disulphide (Footner and Smiles), 2889. 

Ci 3 Hn0 2 N 4 Cl w-Hitrobenzaldehyde-^)-chlorophenylhydrazidine (Chattaway and 
Walker), 1694. 

C 13 H 11 O 2 N 4 BP Mtrobenzaldehydebromophenylhydrazidine, and their hydro¬ 
chlorides (Chattaway and Walker), 1697. 

CtsHuO^Ss 2-Hitrophenyl 4-toluenethiolsulphonate (Miller and Smiles), 229. 

4-Tolyl 3-nitrobenzenethiolsulphonate (Gibson, Miller, and Smiles), 1822. 

Ci*Hu 0 7 N 2 As 3 / -Nitro-4'-bydroxybenzoyl-4-aminophenylarsinic acid (King and 
Murch), 2649. 

Ci 3 Hi a 0 fi N a As 3 , -Amino-4 / -hydroxybenzoyl-4-aminophenylarsmic acid, and its 
sodium salt (King and Murch), 2650. 

CxsHisOeNaAs 3'-Nitro-4'-toluoyl-4-aininophenyl (King and Murch), 2639. 

Ci 3 Hi 4 0 2 NBr 8-Bromo-5:6-dimethoxy-2:4-dimethyl<prinolino, and its hydro¬ 
chloride (Lions, Perkin, and Robinson), 1165. 

Ci 3 Hi 4 0 2 Cl 2 Te 4-Benzyl-2«methyIcycZotelluripentane-3:5-dione 1 : 1 -dichloride 
(Morgan and Corby), 2618. 

C 13 H 14 0 4 N 3 AS 3:3 / -Diaminoben2oyl-4-aminophenylarsinic acid (King and Murch), 

2638. 

C 13 Hi 6 0 3 NBp H-6-Bromo-3:4-<Kmethoxyanilinopropenyl methyl ketone (Lions, 
Perkin, and Robinson), 1164. 

Ci 3 H 17 0 2 N 2 Bp Bromomalonmonowopropylrnono-jp-tolylamide (West), 762. 

C 13 H 18 0N 2 S 2-m-Xylidino-5-ethoxy-4:5-dihydrothiazole, and its picrate (Himkar 
and Pyman), 2746. 

C 13 H 20 0 2 NBP Biethylammonium £-bromo-£-phenylpropionate (Senter and 
Ward), 1849. 

C 13 H 20 0 2 NI 7 -Piperonylpropyltrimethylammoniura iodide (Baker and Robinson), 
1429. 

13 V 

C 18 H,0 2 H 3 C1 3 Bp 6 >-Bromo-o-mtrobenzaldehydetrichlorophenylhydrazones (Chat¬ 
taway and Walker), 2412, 

C 13 H 8 0 2 N 3 C1 2 Bp w-Bromo-o-mtrobenzaIdehyde-2:4-dichlorophenylhydrazone 
(Chattaway and Walker), 2411. 

Ci 3 H»0 2 H 3 C1Bp a)-Bromo-w-nitrobenzaldehyde*i?-chlorophonylhydrazone (Chat¬ 
taway and Walker), 1695. 

Ci 3 H fl 0gH 3 C1As 4 7 -Chloro-S:3'-dinitrobenzoyl-4-aminapheny3arsinic acid (King 
and Murch), 2647. 

Ci 3 Hift0 6 N 2 ClAs 4 / -Chloro-3'-nitrobenzoyl-4-aminophenylarsinic acid (King and 
Murch), 2647. 

C 13 H 13 0 4 N 2 C1AS 4 / -Chloro-3 / -aminobenzoyl-4-aminophenylarsinic acid, and its 
salts (King and Murch), 2647. 

C 13 H 1s 0 4 N s C1As 4 / -Chloro-3:3'-diaminobenzoyl-4-aminophenylarsinic acid (King 
and Murch), 2648. 
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1411-14 III 


Ci 4 Group. 

Honochlorophenyltolylmethane (Silberrad), 2684, 

Cx 4 H 8 0 2 Phenanthraquinone, action of hydrazine hydrate on (Butt), 2971. 
^X4H 10 0 4 2:4-Bihydroxybenzil (Marsh and Stephen), 1636. 

CiAoOs 2:4:6-Trihydroxybenzil (Marsh and Stephen), 1637, 

CuH^Og Acid, from ethyl dibromocinnamate and ethyl sodiomalonate (Haerdi 
and Thorpe), 1247. 

Ci 4 Hx 4 0 a Methylbenzoin (Roger), 523. 

Ci 4 H 15 As Phenyl-^-tolylmethylarsine (Hunt and Turner), 2668. 

Ci 4 H 16 0 8 Carbethoxyvanillylsnccinic acid (Baker and Lapworth), 565. 

C 14 H 1 A £-Pheny l-£-m ethyl propane diacetate (Mills and Bains), 2504. 

C 14 H 20 O 5 Ethyl 1 -methyl^cZohexan-3-one-4-carboxylate-l-acetate (Farmer and 
Ross), 2366. 

C 14 H 22 O 5 Ethyl l-methylcycZohexan-3 -one-4-carboxylate-l-aeetate (Farmer and 
Ross), 2364. J 

Ci*H 22 0 9 5 €-Bicarbethoxy-5-hydroxy-y7-dimethylpentane-/3-carboxylactone(RoTH- 
stein, Stevenson, and Thorpe), 1078. 

Ci 4 HaeO a %-Undeeoylacetone, and its copper salt (Morgan and Holmes), 2893. 
Ci 4 H 2 6 0 3 7- Menthyl ethoxyacetate (Rule and Smith), 2191, 

14 HI 

C 14 H 8 O 0 N 4 Piety l-3:4*methylenedioxybcnzsy?iald oxime (Brady and Klein), 846. 
C 14 H 9 N 3 Bp 2 <y-Cyanobenzaldehyde-2:4'dibromophenylhydrazone (Chattaway 
and Walker), 982. 

C 14 H 10 O 4 N Benzoyl-3:4-methylenedioxy-a-benzaldoxime (Brady and McHugh), 

CuH 10 0 4 N 2 Benzoylnitro-a-benzaldoximes (Brady and McHugh), 2420. 
C u Hi 0 O 5 N 2 2:4-Binitro-2'-hydroxystilbene (Gulland and Robinson), 1503, 
C 14 H 10 0 6 N 2 3:5-Dinitro-o-tolyl benzoate (Gibson), 47 . 

CuHi 0 0 8 N 4 Picrylm ethoxy bensyraaldoximes (Brady and Klein), 846. 

CuHxxOaN Phenyl-4-pyridylpyruvic acid (Singh), 2448. 

C u H u 0 4 N Nitro-o-tolyl benzoates (Gibson), 46. 

Cx 4 Hu 04 N 3 Uitrobenzylidenenitrobenzylamines (Ingold), 1143. 

C 14 H 12 O 3 N 4 Phthalaldehyde l-oxime-2-^-nitrophenylhydrazone (Griffiths and 
Ingold). 1705. 

Cx 4 H 1 B 0 8 N 4 4-Nitro-3-methoxybenzaldehyde-®-nitrophenylhydrazone (Hodgson 
and Beard), 881. 

Ci 4 Hi 8 NaCl 8 Acetophenone-2:4-dichlorophenylhydrazone (Humphries, Humble, 
and Evans), 1306. 

C 14 H 12 N 2 S 4 / -Amino-l'methyl-5-methylbenzthiazole, bromination of (Hunter), 
1318. 

C 14 H 13 ON 3 Benzeneazobenzylformaldoxime (Walker), 1860, 

C 14 Hi S OAs 10-Ethylphenoxarsine (Aeschlimann), 813. 

C u H 13 0 2 N o-Acetylaminodiphenyl ether (Roberts and Turner), 2008. 

o-Tolylc?/c7oiminotolnquinone (Chattaway and Parses), 1310. 

C 14 H ls 0 2 N 3 Tolnaldehyde p-nitrophenylhydrazones (Stephen), 1877. 

Ci 4 Hx S 0 a As o-Carboxydiphenylmetliylarsine (Aeschlimann), 812. 

10-EthylphenoxarsIne oxide (+H a O) (Aeschlimann), 814. 

Ci 4 H 13 0 3 As o-Carboxydiphenylmethylarsine oxide (Aeschlimann), 813. 
C 14 H ls d 4 N 3 Binitrodibenzylamines, and their salts (Holmes and Ingold), 1815. 
C 14 H 14 ON 2 2 -Hydroxy-3;3'-d imethylazobenzene (Cumming and Ferrier), 2377, 
Gx 4 H 14 0 4 S 5 Phenylmethylsulphone ??i-disulphide (Twist and Smiles), 1251, 
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14 III—14IV 


FORMULA INDEX, 


C 14 H 14 0 4 Te 2 Bis- 2 -hydroxy-l-methoxyphenyl 4 : 4 -ditelluride (Morgan and Drew), 
2314. 

0 14 H 14 0 6 S4 Plienylmethylsulphone m-disulph oxide (Twist and Smiles), 1251. 
Ci 4 H 14 IAs Diphenylylenedimethylarsonium iodide (Aeschlimann, Lees, Mo- 
Cleland, and Nicklin), ,69. 

C 14 H 16 ON 3 Lutidineazoanisole, and its hydrochloride (Gulland and Robinson), 
1496. 

C 14 H X 5 O s N 7-4-Hydroxy- 2 -methylquinoline-3-butyric acid (Paterson and 

Plant), 1798. 

Ci 4 H x 5 0 5 N 3 Acetodinitrodibenzylamides (Holmes and Ingold), 1820. 

C 14 H 16 0<jS Thioindican (Craik and Macbeth), 1639. 

C M H I 7 0 2 N Substance, from dehydroeseretholemethine methiodide and silver oxide 
(Stedman and Barger), 255. 

C X4 H X7 0 4 N S-o-Acetylaminobenzoylvaleric acid (Paterson and Plant), 1798. 
C X4 H X7 0 4 N 3 j3-Methylpimelic-£-acetic acid (Farmer and Ross), 2368, 

C X4 H Xft ON Ethylpentenoic acid jp-toluidide (Kon and Linstead), 622. 
c 14 h 19 0 2 n Etheserolene, picrate of (Stedman and Barger), 257. 

5-Ethoxy-l:3-dimethyl-3-ethyl-2-indoline (Stedman and Barger), 251, 255. 
CuHxgOsN Ethyl 2-cyanocycfobutane-l:2:3-tricarboxylate(lNG and Perkin), 2396. 
Ci 4 Hi 9 0 12 N Tetra-acetyl glucose 6-nitrate (Oldham), 2843. 

C 14 H 20 O 2 N 2 Malonmonowcbutylmono-^-tolylamide (West), 751. 

C X4 H 21 0 2 N 3 w-Octaldehydep-nitrophenylhydrazone (Stephen), 1875. 

C X4 H 28 0 2 N i3-Anilinobutaldehyde diethylacetal (Mason), 1033. 

C 14 H 27 0N s Acetone-5-menthylsemiearbazone (Wilson and Crawford), 106. 

14 IV 

C 14 H 8 0 s NBp 3 2:3:9-Tribromo-9-nitroanthrone (Barnett), 2044, 

CuHgOiNaCla Dichloro-9:10-dinitro-9:10-dihydroanthracenes (Barnett), 2042, 
C 14 H 8 N 2 Bp 4 S 2 l:l-Bisbenzthiazole tetrabromide (Hunter), 1320. 

C 14 H 9 O 4 N 2 CI 3 l:5;9-Trichloro-9:10-dinitro-9;10»dibydroanthracene (Barnett), 
2044. 

C 14 H q 0 4 N 2 Bp 9-Bromo-9:10-dinitro-9:10-dihydroanthracene (Barnett), 2043. 
C 14 H 9 ffIS 1 -Phenylbenzthiazole methiodide (Clark), 974. 

C X4 H xx OCl s Te Tellurium phenylbenzylketone trichloride (Morgan and Elvins), 
2631. 

C X 4 H X 2 0 2 C1 2 S 8 4-OhloToanisole 2 -disulphide (Gauntlett and Smiles), 2746. 
Ci 4 H X 20 s N s Br Bromomethoxyhenzaldehyde-p-nitrophenylhydrazones (Hodgson 
and Beard), 881. 

C X 4 H X 2 0 4 d 2 S a 4-Chloroanisole-2-disulphoxide (Gauntlett and Smiles), 2746, 
C X 4 H X 2 0 8 N 3 AS 3:3 / -Dinitro-4 , -tolaoyl-4-aminophenylarsinic acid (King and 
Murch), 2640. 

C X 4 H X 2 0 9 N 3 As Dinitro-4'-anisoyl-4-aminophenylarsimc acids (King and Muroh), 
2644. 

0 14 H X8 0 3 N 2 C1 Phenylpyridylpyruvic acid oxime hydrochloride (Singh), 2448. 
0 X4 H X3 O fi NS Nfitro-o-tolyl toluene^-sulphonates (Gibson), 47. 

C X 4 H X 8 0 6 SAs Sulpho- 10 -ethylphenoxarsine oxide (Aesohlimann), 814. 
C X 4 H X 8 0 7 N 2 AS 3 r -Nitro-4 r -anisoyl-4-ammophenylarsinic acid (King and Murch), 

C X 4 H xs 0 2 NS ^-Tolueneanlphonbenzylamide (Holmes and Ingold), 1812. 
C X 4 H X 6 0 5 N 2 AS 3 f -Amino- 4'-anisoy 1-4 -amino phenylarsinic acid, and its salts 

(King and Murch), 2642. 

G u H 15 BrIAs ^Bromodiphenyldimethylarsonium iodide (Hunt and Turner). 
2670. 
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14IV—15 III 


Ci 4 H 16 0 4 N 3 As SrS'-Diamino^'-toluoyl^-aminophenylarsinic acid (King and 
Murch), 2640. 

C 14 Hx6K 2 Cl 6 Sn Benzaldehyde stannichloride (Stephen), 1876. 

Cx 4 Hx 9 0 2 H 2 Br Bromomalonmonowobutylmono-p-tolylamide (West), 762. 
CiiHaaOaNjS a-Propionacetalylphenylthiocarbamide (Burtles, Pyman, and 
Roylance), 689. 

Cis Group. 

CisHis Tri^cZotrimethylenebenzene (Perkin and Plant), 1140. 

C 15 H 24 Hydrocarbon, from cedrene and formic acid (Robertson, Kerr, and 
Henderson), 1946. 

Hydrocarbon, from formic acid and cadinene (Robertson, Kerr, and Henderson), 
1946. 

15 H 

C 15 H 10 O 4 Alizarin 2 -metbyl etKer (Kubota and Perkin), 1893. 

CisHxoOg Anthragallol methyl ethers (Kubota and Perkin), 1893. 

Ci 6 Hi 0 O 3 Datiscetin, synthesis of (Kalff and Robinson), 1968. 

CxsHuN a-Acenaphthaquinoline, and its picrate (Stewart), 1331. 

C 15 H 12 O 2 Phenyl benzyl diketone (Malkin and Robinson), 369. 

C 15 H 12 O 3 Hydroxymethoxyanthrones (Miller and Perkin), 2688. 

C 15 H 12 O 5 Dihydroxymethoxybenzils (Marsh and Stephens), 1636. 

Ci S H 12 0 6 Trihydroxymethoxybenzils (Marsh and Stephen), 1637. 

C 16 H 13 N l-Methyl- 2 -methylene-l: 2 -dihydro-£*naphthaquinoline (Mills and 
Raper), 2472. 

Ci 5 Hi 4 0 3 a-Benzylmandelic acid (Malkin and Robinson), 374. 

CisHx 4 0 4 Benzylphloracetopbenone (Baker), 2856. 

C 15 HxA Dihydroxyphenyl jB-dihydroxyphenylethyl ketones (Chapman and 
Stephen), 891. 

Ethyl a- acetyl-y-hy droxy -7 - phenyl - A^-propenecarboxylactone (R. M. and J. N. 
Ray), 2722. 

Ci 5 H 13 0 4 Lactone, from ethyl sodioethylmalonate and phenacyl bromide (R. M. 
and J. N. RAy), 2723. 

Ci 5 H 17 N Dibenzylmethylamine, and its hydrochloride (Holmes and Ingold), 
1816. ; 

C 15 H 18 0 5 Methyl 2 -ethoxy- 3 -phenylc 2 /cZopropane-l: 2 -dicarboxylate (Haerdi and 
Thorpe), 1243. 

CxsHaoO^ 2 -Hydroxystyryl n- hexyl ketone (McGookin and Sinclair), 2543. 
C15H22O3 Hgaione (McDowall), 2202 . 

CigHseO; Ethyl 2 -zcetylcyclo butane- 1 : 2 : 3 -tricarboxylate (iNGand Perkin), 2397. 
Cx 5 H 24 O s Hgaiol (McDowall), 2205. 

CxsHagOa Lanroylacetone, and its copper salt (Morgan and Holmes), 2894. 
Cx$H 2 s0 8 Diacetalmalonic acid, and its baiinm salt (Perkin and Pink), 192. 
CxsHsoOg Hexamethyl glycerol glncoside (Gilchrist and Purves), 2740. 

15 III 

Cx&H 9 0 4 N a-H aphthaquinoline-6:7 • dicarboxylic acid (Stewart), 1331. 

Cx 5 H 9 NS 9-Anthryl thiocyanate (Footner and Smiles), 2890. 

C 15 H 10 O 3 N 2 Anhydro-2-aldehydoterephthalic acid phenylhydrazone (Perkin and 
Stone), 2294. 

CxsHxoO^s 3-Nitrophthal-jp-tolil (Brady, Quick, and Welling), 2267. 
Cx 6 Hiq 0 6 N2 2:4-Dinitro-3':4'-methylenedioxystilbene (Gulland and Robinson), 
1502. 

CisHxo0 7 N 4 Picrylcinnamsywaldoxime (Brady and Klein), 847. 
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C 15 Hh0 3 C1 Chrysinidiu chloride (+ 2 H s O) (Pratt and Robinson), 1132. 
CisHxiO^Cl Apigeninidin chloride (4-2H 2 0) (Pratt and Robinson), 1133. 
Galanginidin chloride (Pratt and Robinson), 1135; (Malkin and Robinson), 
1193. 

C 15 H 11 O 4 I Galanginidin iodide (Pratt and Robinson), 1135. 

CisHnOsCl Datiscetinidin chloride (+H 2 0) (Pratt and Robinson), 1185. 
Fisetinidin chloride (4*JH 2 0) (Pratt and Robinson), 1135. 

Lotoflavinidin chloride (-f 2H 2 0) (Pratt and Robinson), 1134. 

Luteolinidin chloride {-f 2H 2 0) (Pratt and Robinson), 1135. 

Pelargonidin chloride (+H 2 0) (Malkin and Robinson), 1194. 
3:5:7:3'-Tetrabydroxyflavylium chloride (Pratt and Robinson), 1186. 

€ 15 Hxi0 5 N 3 4-Aldehydo-1:2-hydroxyphthalide ^-nitrophenylhydrazone (Perkin 
and Stone), 2298. 

CxsHnOeCl Cyanidin chloride (+H 2 0) (Pratt and Robinson), 172. 

Morinidin chloride (+2H 2 0) (Pratt and Robinson), 1137. 

CisHii 0 7 €1 Delphinidin chloride (Pratt and Robinson), 174, 1190. 

C 15 H 12 0 2 N 2 4- Aldehydo- 1 : 2 -phthalide phenylhydrazone (Perkin and Stone), 
2290. 

C 1 B H 12 0 4 N 2 4-Aldehydophthalic acid phenylhydrazone (Perkin and Stone), 
2295. 

Carbanilino-3:4-methylenedioxybenzaldoximes (Brady and McHugh), 2424. 
4-ltfitro-2-araino-3 , :4'-meihylenedioxystilbene (Gulland and Robinson), 1502. 
C 15 H 13 0 5 N 2 Phthal- 2 -nitro-^-toluidic acid (Brady, Quick, and Welling), 2267. 
CisHi 2 O e H 2 2:4-Dinitro-3 / -methoxy-4 /, -hydroxystilbene (Gulland and Robinson), 
1503. 

C 15 H 12 O 10 N2 Trimethylene glycol bis-2:4-dmitrophenyl ether (Fairbourne and 
Foster), 2762. 

Ci 5 Hi 3 0 2 N Benzilmonoxime methyl ethers (Brady and Perry), 2876. 

CiiJIxaOaN Anisylidene-p-aminobenzoic acid (Wayne and Cohen), 460. 

Benzoyl-o-methoxy-a-benzaldoxime (Brady and McHugh), 2421. 
Phthalobenzylamic acid (Holmes and Ingold), 1810. 

C 15 H la 0 7 N 5 Picryl-^-dimethylaminobenzs^aialdoxime (Brady and Klein), 847. 
CiJiuOaHi Carbanilino- 0 -methoxy -a- berizaldoxime (Brady and McHugh), 2425. 
C 15 H 14 N 2 S 1 -m-Toluidino-m-toluthiazole (Hunter), 2027. 

C 15 H 15 ON 3 Phenylpyrnvic acid oxime (Walker), 1862. 

CxsHigOaNs Benzoinsemicarbazone (Hopper), 1285. 

jp-Tolylacetaldehyde j?-nitrophenylhydrazone (Stephen), 1877. 

C 16 H l 5 0 4 N 3 Dinitrodibenzylmethylamines, and their hydrochlorides (Holmes and 
Ingold), 1817. 

Ci 5 Hi 7 ON ^-Araino-aa-diphenyl-?i-propyl alcohol (McKenzie and Wills), 288. 
C l6 H 1? 0 8 M Benzylaorhydrohydrastinine, and its salts (Haworth, Perkin, and 
Pink), 1721. 

Ci 5 Hi 8 0 4 Bf 2 Ethyl aa'-dibromo-^-phenylglutarate (Haerdi and Thorpe), 1241. 
CxsHxJAs Phenyl-^-tolyldimethylarsonium iodide (Hunt and Turner), 2668. 
CisHiaOyNfi Trinitroeserethole (Stedman and Barger), 256. 

Cx 5 H 2 o 0 2 N 2 Substance, and its salts, from oxidation of eserethole (Stedman and 
Barger), 256. 

CxsHaoO^Na 6-Nitro-l-acetyI*5:8-dimethoxy-2:4-dimethyl-l:2:3:4-tetrahydroquino- 
Hne (Lions, Perkin, and Robinson), 1163. 
c 15 h 21 o*n* Esarine (Stedman and Barger), 247. 

Cx 5 H 2 iO a N Acetyl derivatives of dimethoxydimethyltetrahydroquinolines (Lions* 
Perkin, and Robinson), 1163. 
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15 III—16II 


C15H23O3N Ngaione oxime (McDowall), 2204 . 

C 15 H 23 0 4 N Yeratrylideneaminoacetal (Forsyth, Kelly, and Pyman), 1665. 

Ci5H a5 0 4 N Yeratrylaminoacetal (Forsyth, Kelly, and Pyman), 1665. 

Ci 5 H 2 60 2 Te 2-u-DecylcycZ0fcelluropentane-3:5-dione (Morgan and Taylor), 2620. 

15 IV 

C 15 H 7 0 2 NC1 4 Tetrachlorophthal-p-tolil (Brady, Quick, and Welling), 2267. 

C 15 H 9 0NC1 6 2:4-Di(tricliloromethyl)benzanilide (Perkin and Stone), 2296. 

C15H10O3N3CI3 Acetyl-m*nitrobenzaldehydetriclilorophenylhydra2one (Ohatta- 
way and Walker), 1697. 

C 15 H 10 03N 8 BP 8 Acetyl-m-nitrobenzaldehydetribromophenylliydrazone (Chatta- 
way and Walker), 1697. 

Ci 5 H 10 O 4 N 3 Cl 3 a-Acetyl-jS-nitrobenzoyltricliloroplienylliydrazines (Chattaway and 
Walker), 1693. 

Ci5H xo 0 4 N 3 Br 3 a- Acetyl-nitrobenzoyltribromophenylhydrazine (Chattaway 
and Walker), 1696. 

C15H11ONCI4 2:4-Di(dicblorometbyl)benzanilide (Perkin and Stone), 2291. 

C15H11O4N3CI2 a-Acetyl-^-nitrobenzoylchloropbenylbydrazines (Chattaway and 
Walker), 1693. 

CisHiiOiNsBp* a- Acetyl-j8-nitrobenzoyldibromophenylhydrazines (Chattaway 
and Walker), 1696. 

Ci5H 13 0 4 N 3 Cl a-Acetyl-j3-p-nitrobeazoyl-p-chlorophenylhydrazine (Chattaway 
and Walker), 1693. 

Ci 5 H 12 0 4 N 3 Bp a-Acetyl-jS-nitrobenzoylbromopbenylhydrazines (Chattaway and 
Walker), 1696. 

Ci5H 12 N 2 Bp a S Dibromo-1-toluidmomethylbenzth.iazoles, and their salts (Hunter), 
2026. 

C 15 H 14 N 2 Br 4 S 1-j? -Toluidmo-5-methylbenzthiazole tetrabromide (Hunter), 2027. 

C ls H 14 N 2 Br,S 1 -o-Tolnidino-3-metbylbenztbiazole hexabromide (Hunter), 2026. 

CuH 14 O 0 N 8 As Dinitro^'-etboxybenzoyM-aminophenylarsinie acids (King and 
Murch), 2646. 

Ci 5 Hi 5 0 6 N 2 As 3'-Acetylamino-4'-bydroxyben2oyl*4-aminoph8nylarsimc acid 
(King and Murch), 2651. 

C 15 H 15 0 7 N 2 As 3 / -Nitro-4 / -etboxybenzoyl-4-aTninophenylarsinie acid {King and 
Murch), 2646. 

CisHisNjsBPtS 1 -m-Toluidmo-w-tolutlnazole hexabromidebydrobromide (Hunter), 
2027. 

C 18 Hi«0IAs lO-Metbyl-10-ethylphenoxarsonium iodide (Aeschlimann), 814. 

C 15 H 17 0*NS _p-Toluenesulpbonbenzylmetbylamide (Holmes and Ingold), 1813. 

C 15 H 17 0 5 N 2 AS 3'-Amino-4'-ethoxybenzoyl-4-arniiioplienylarsmic acid, and its salts 
(King and Murch), 2646. 

C 15 H 26 0 2 Cl 2 Te 2-»-Deeylcycfote31uripentane-3;5-dione 1:1 -dichloride (Morgan and 
Taylor), 2620. 

Ci8 Group. 

C 16 H 16 a 7 -Diphenyl- 7 -metbyl-A«-propene (Tkotman), 92. 

C 16 His cry-Diphenyl-tf-methylpropane (Trotman), 93. 

1611 

Ci e HioN a l:6.Naphtbadiqmnoline (Armit and Robinson), 1614. 

Cx6H 12 0 3 7-Hydroxy*4-benzylconmarin (Baker and Robinson), 1984. 

7-Hydroxy-2-metbyl&o2avone (Baker and Robinson), 1984. 

7-Methoxyifioflavone (Baker and Robinson), 1986. 
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FORMULA IND]EX, 


C 16 Hi*0 4 5 : 7 -Dihydroxy- 2 -methyl& 0 flavone (Baker and Robinson), 1984. 

7:8-Dihydroxy-3-phenyl-2-methylbenzo-7-pyTone (Baker), 2357. 

C 16 Hi a 0 5 Anthrapurpurin* dimethyl ether (Miller and Perkin), 2690. 

Galangin methyl ether (Kalff and Robinson), 182. 

C 16 Hi a 0 7 Quercetin methyl ether, and its potassium salt (Kubota and Perkin), 
1894. 

CxeHuOa 4-Methoxyphenyl benzyl diketone (Malkin and Robinson), 375. 

Phenyl 4 -methoxybenzyl diketone (Malkin and Robinson), 374. 

C 16 H u 0 6 Homopiperonylresacetophenone (Baker and Robinson), 1430. 

CxeHjeOs Benzylorcacetophenone (Baker), 2356. 

CisHiaO* Methoxybenzylmandelic acids (Malkin and Robinson), 376. 

C 18 Hx 7 N 1 «Benzyl-1:2:3: 4 - tetrahy d rowoquinoline, and its salts (Forsyth, Kelly, 
and Pyman), 1664. 

Cx 6 Hi 7 Br £-Bromo-a-phenyl-j 8 -benzylpropane (Trotman), 92. 

CxgHxaO Dibenzylmethylcarbinol (Trotman), 92. 

CxeHxaOa a-Hydroxy-j 3 -methoxy-a 7 -diphenylpropane (Malkin and Robinson), 377. 
CieHigO* Lactone, from ethyl sodioisopropylmalonate and phenacyl bromide (R. M. 
and J. N. RAy), 2723. 

CieHigOe Ethyl iS-methylpimelate-jS-acetate (Farmer and Ross), 2363. 

Ci 6 H 19 As Phenylmesitylmethylarsine (Hunt and Turner), 2669. 

Gi 6 H 20 N 2 Diphenyl-j 87 -diamino-tt-butanes (Morgan and Skinner), 1734. 
C16H24O8 Ethyl c#cfobutane-l:2:2:3-tetracarboxylate (INO and Perkin), 2394. 
C 16 H 2 ft0 2 Caryophyllene formate (Robertson, Kerr, and Hendeeson), 1945. 

Hgaiol acetate (McDowall), 2205. 

CxsHaeOa Ngaiol methyl ether (McDowall), 2206. 

C 16 HsoO a w.-Tridecoylacetone, and its copper salt (Morgan and Holmes), 2894. 
CxeHsoOa 4-Ketopalmitic acid (G. M. and R. Robinson), 180. 

CieHsfcOa Palmitic acid, sodium salt, equilibria of, with water and sodium chloride 
(McBain and Langdon), 852. 

16 HI 

CxsHiaOaNa 6 '-Aminopiperonylideneoxindole (A emit and Robinson), 1012 , 
CxeHxaClaAs aa^Dichlorodisrtyrylchloroarsine (Hunt and Turner), 998. 
CxeHxaONa 2-Styryl-l-methyl-4-quinazolone (Heilbron, Kitchen, Parkes, and 
Sutton), 2172. 

Cx 6 Hxsj0 2 N3 2i3-Dimethoxyindophenazine, and its salts (Armit and Robinson), 
1615. 

CiaHxaOaCl 5:7-Dihydroxy-2*phenyL4-methylbenzopyrylium chloride, and its 
fexriohloride (Walker and Heilbron), 687. 

ClH^O 4 CI Galanginidin chloride 3-methyl ether (-j-H 2 0) (Malkin and Robin¬ 
son), 1192. 

CxcHiaOaNs 2:4:6-Trinitro-3 / :4'-dimethoxystilbene (Gulland and Robinson), 
1503. 

CxeHx-OoBPs Pbenyl a£-dibromo-a-methoxy-j3-phenylethyl ketone (Malkin and 
Robinson), 372. 

CxeHx^eNa Dinitrodimethoxystilbenes (Gulland and Robinson), 1502. 
C l 6 Hx 40 7 N 2 Benzoyl derivative of trimethylene glycol monodinitrophenyl ether 
(Fairbourne and Foster), 2762. 

C 16 Hi 5 0 3 N Ethyl phenyl-4-pyridylpyruvate (Singh), 2448, 

C 16 H 16 0 2 N 2 Benzildioxime dimethyl ethers (Brady and Perry), 2879. 
Benzoyl-p-dimethylammo-a-benzaldoxime (Brady and McHugh), 2421. 

; p-Dimethylaminobenzylidene-p-aminobenzoic acid (Wayne and Cohen), 460. 
Phenylpyruvie acid j^tolylhydrazone (Walker), 1862. 
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16 III—IT II 


OJfcOA 2-Nitro-4-amino-2^3'-diinethoxystilbene (Gulland and Robinson), 
15Q2, 

Ci 6 H 17 ON Acetodibenzylamide (Holmes and Ingold), 1819. 

C 16 H 17 O 2 N p-Dimethylaminodiphenylacetic acid (Singh), 2447. 

Cx 6 H 17 0 3 N p-Dimethylaminobenzilic acid (Singh), 2447. 

CieH 18 0 2 Te 2 Bis-p-phenetyl ditelluride (Morgan and Drew), 2311. 

Cx<jHi 8 0 4 Te 2 Bis-l:3-dimethoxyphenyl 4:4-ditelluride (Morgan and Drew), 2313. 

G 16 H 19 0 4 N Divanillylamine, and its hydrochloride (Jones and Pyman), 2596. 

CieH a oQ 4 N 2 Ethyl £-carbethoxy-y-benzeneazo-A£-pentenoate (Macbeth and 
Traill), 1120 . 1 x 

^16^2x0 4 N Ethyl p-dimethylaminobenzylideneinalonate (Wayne and Cohen), 

Ci 6 H 250 3 N 3 Ngaione semicarbazone (McDowall), 2204. 

GxeHayOgN 0-p-Etkoxyanilinobutaldehyde diethylacetal (Mason), 1034. 

C,H f H 2 S ?/-Dipiperidinodipropyl sulphide, and its picrate (Bennett and 

16 IV 

GxeHxoOClAs 7-Ohloro-aj8-naphthaphenoxarsine (Aeschumann), 814. 

Ci 6 H 16 0 9 N 2 As 3'-Nitro-4'-ethylcarbonatobenzoyl-4-aminophenylarsmic acid (King 
and Murch), 2649. 

Ci S Hx 5 0 3 BpAs 10 - Carboxy methyl -10 -ethy lphenoxarsonium bromide (Aesohli- 
mann), 814. 

Cx 6 H 17 0 2 N 2 C1 Anisylideneazine hydrochloride, and its reaction with stannic 
chloride (Shoesmith and Slater), 1490. 

Ci 8 H 17 0 4 NS Toluene-p-sulphonylbenzylammoacetic acid (Clemo and Perkin), 


C 16 Hx 7 0 6 N 2 As 3'-Acetylamino-4'-anisoyl-4-aminophenylarsinic acid (King and 
Murch), 2642. 

CxaHxaOIAs 10:10-Diethylphenoxarsoniura iodide (Aesohlimann), 814. 
Ci 6 H 18 0 2 Cl 2 Te Bis-p-phenetyltelluridichloride (Morgan and Drew), 2312. 

C lfl Hi 8 0 4 Cl 2 Te Bis-l:3-dimethoxyphenyl-4-teUuridichloride (Morgan and Drew), 
2313. 

Ci 6 H 26 0 2 N 3 S Ngaione thiosemicarbazone, and its silvei salt (McDowall), 2203. 


C17 Group, 

Ci r Hao a-Phenyb#-benzyl-jS-methylpropane (Trotman), 94. 

17 II 

Ci 7 HxoO a teoBenzalizarin (Miller and Perkin), 2690. 

Cx 7 Hxa0 4 3:7-Dihydroxy-2-styrylchromone (Robinson and Shinoda), 1975. 
€x 7 Hx a 0 5 3:5:7-Trihydroxy- 2 -styrylchxomone (Robinson and Shinoda), 1977. 
C 17 Hx< 0* 7-Hydroxy-2-methylwoflavone methyl ether (Baker and Robinson), 
1984. 

C 17 H 14 0 4 Dihydroxy- 3 -benzyI- 2 -methylbenzo- 7 -pyronos (Baker), 2355. 

3:7-Dihydroxy-2-^-phenylethylchromone (Robinson and Shinoda), 1977. 
Cx 7 Hi 4 0 6 3:4'-Dimethoxy-5:7-dihydroxyflavone (RoBiNSONand Shinoda), 1980, 
C 17 Hx 6 Q 2 Benzylbenzoyiacetone (Trotman), 94. 

Ci 7 Hx 6 0 8 4-Methoxyphenyl £-methoxystyryl ketone (Malkin and Robinson), 
375. 

Phenyl £:4-dimethoxystyryl ketone (Malkin and Robinson), 374. 

C 17 H 16 0 4 Benzoylveratroylmethane, and its copper salt (Gulland and Robinson), 
1501* 

4-Methoxyphenyl 4-methoxybenzyl diketone (Malkin and Robinson), 375. 
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FORMULA INDEX. 


C 17 Hi60 5 Homopiperonylpaeanol (Baker and Robinson), 1430. 

C 17 H 16 O 7 2:4-Dihydroxy-3':4':5 / -trimethoxybenzil (Marsh and Stephen), 1637. 

C 17 H 16 0 8 2:4:6-Trihydroxy-3':4':5'-triinethoxyberizil (Marsh and Stephen), 1637. 

C 17 H 18 0 os-Dibenzylacetone (Mills and Akers), 2477. 

C 17 H 18 0 5 4:4'-Diraethoxy-a-benzylmandelic acid (Malkin and Robinson), 377. 

Homoveratrylresacetophenone (Baker and Robinson), 1433. 

C 17 H 19 N 2 -/ 8 -Phenylethyl-l: 2 : 3 : 4 -tetrahydroi$ 0 <pimoline, and its hydrochloride 
(Haworth, Perkin, and Pink), 1716. 

C i 7 H 23 0 5 Ethyl 2-ethoxy-3-phenylc^cfopropane-l:2-dicarboxylate (Haerdi and 
Thorpe), 1243. 

C 17 H 22 N 2 Di(£-phenylethylamino)methane (Short), 271. 

C 17 H 32 0 2 Myristoylacetone, and its copper salt (Morgan and Holmes), 2894. 

C 1 ? H 82 0 3 Ethyl 2 -acetyl-n-tridecoate (G. M. and R. Robinson), 179. 

17 III 

Ci 7 Hi 20 2 H 2 10:ll-Anhydro-7: 8 -methylenedioxy<piinindolme 10 -methohydroxide 
(Armit and Robinson), 1613. 

C 17 Hi 3 ON Oxyisoprotoberberine (Haworth, Perkin, and Pink), 1717. 

Ci 7 H 13 0 2 N 3 a-Haphthaldehyde_p-nitrophenylhydrazone (Stephen), 1877. 

C 17 H 13 0 3 N Coumarincarboxylic acid p-tolnidide (Wayne and Cohen), 457. 

C 17 Hi 3 0 6 N 3 Acetyl-4-aldehydo-l : 2 -hydroxyphthalide p-nitrophenylhydrazone 

(Perkin and Stone), 2293. 

C 17 H 15 ON 3-Renzylidene-4-keto-6-metbyl-l:2:3:4-tetrabydroqiunoline (Clemo and 
Perkin), 2305. 

C 17 Hi 6 0 2 N 2-j8-Phenylethylhomophthaliinide (Haworth, Perkin, and Pink), 1715. 

CuHigOaHa Maloninonobenzylraono-p*tolylamide (West), 751. 

C 17 H 15 0 2 N 3 2:3-Diraethoxy-5(or ll)-methyl&c>indophenazine (Armit and Robin¬ 
son), 1616. 

C^HisOfiCl Datiscetinidin chloride 3:2'-dimethyl ether (Pratt and Robinson), 

Siy-Dihydroxy-SiS'-dimethoxyfiavylmm chloride (4*H 2 0) (Pratt and Robin¬ 
son), 1186. 

PelaTgonidin chloride 3:4'-dimethyl ether (Malkin and Robinson), 1194. 

Pelargonidin chloride 3:3'-dimethyl ether (Pratt and Robinson), 1187* 

G i 7 Hi 7 0N 2-j8-Phenylethyl-3:4-dihydro-l-isoqninolone (Haworth, Perkin, and 
Pink), 1715. 

C 17 H 17 ON 3 2 -Benzyl-l-hydrindone semicarbazone (Mills and Akers), 2478. 

C 13 H 17 O 3 N iV-3-Pheuylethylhomoplithalamic acid (Haworth, Perkin, and 
Pink), 1716. ’ 

Ci 7 Hi 70 3 N 3 Benzylidene-5-3-carbethoxypkenylsemicarbazide (Wilson and Craw¬ 
ford), 107. 

2:3-Dimethoxy-5(or llj-methyl&oindopkenazine methohydroxide (Armit and 
Robinson), 1616. 

CnHxsO^a Nitro-3-methoxy-2-ethoxybenzylidene-^-toluidines (Rueenstein), 
2268. 

C 17 H 20 ON 2 3-o-Toluidinopropiono-o-toluidide (Clemo and Perkin), 2303. 

C 17 H 21 O 5 N Carboxycamphoranilic acids, and their molecular rotation (M. and R. 
Singh), 1966. 

Ci ? H 22 IAs Phenylmesityldimethylarsonium iodide (Hunt ancl Turner), 2669* 

C 17 H 23 0sN Benzoylmenthoneoximes (Read and Cook), 2786. 

C 17 H 2 40 4 N 2 6-Acetylamino-1 -acetyl-5*.8-dimethoxy-2:4-dimethyM :2:3:4-tetrahydro- 
quinoline (Lions, Perkin, and Robinson), 1163. 

C 17 H 2 eO a S 2 Hgaiol methyl xanthate (McDowall), 2205. '' 
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17IV—18II 


17 IV 

CwHiiONBr 3-Eenzylidene-4-keto-6-methyl-l:2:3:4-tetraliydroqumoline bromide 
(Clemo and Perkin), 2305. 

^ 17 ^smd a BoMNSoN)^7^°^-8-etb°sy^-2-phenylbenzopyrylium ferrichloride (Ridgway 

CijHxsOiSAs Sulphophenyl-o-napbthylmethylarsine oxide (Aeschlimann), 813. 
C 17 H 17 0 2 N 2 Br Bromomalonmonobenzylmono-p-tolylamide (West), 751 . 
Bromomalon-p-toluidide (West), 752. 

C 17 Hi,OjNS Toluene : p-sulpbonyl-4-ketomethyl-l:2:3:4-qmnolmes (Clemo and 
PEBKIN), 2303. 

C 17 H l7 0 4 NS 

Toluene-p-snlphonyl- 6 -methoxy- 4 -keto-l: 2 : 3 : 4 -tetrahydroqninolme 
(Clemo and Perkin), 2805. 

C 17 HX 7 O 7 N 2 AS S'-Acetylamino^'-acetoxybenzoyl-A-aminophenylarsinic acid (King 
and Murch), 2651. v 

Ci 7 H 19 0 4 NS Toluene-^-sulphonyl-j3-toIuIdinopropionic acids (Clemo and Pe rki n), 
2302. 

Ci 7 H 10 0 5 NS Toluene-^-sulphonyl-3-^-anisidinopropionic acid (Clemo and Perkin), 

2305. 

Ci 7 H 19 0 7 N 2 As 3'-Carbethoxyamino-4'-anisoyl-4-aininoplieriylarsinic acid (King 
and Munch), 2642. 

Cx 7 H 27 0 2 N a I Dehydroeseretholemethine methiodide (Stedman and Barger), 254. 

17 V 

C 17 H 10 0 8 NBpS Colouring matter, from isatin and 4-bromo-2-earboxy-5-methoxy- 
phenyltbiolacetic acid (Griffith and Hope), 995. 

Ci 7 Hi 8 0 3 NC1S Toluene-j»-sulphonyl-3-chloro-4-ketomethyl-l:2:3:4-tetrahydro- 
quinolines (Clemo and Perkin), 2304. 

Toluene-^-sulphonyl»3-chloro-6-methoxydihydroquinoline (Clemo and Perkin), 

2306. 


Cis Group; 

C 18 H 12 O s and iso-Benzalizarin methyl ethers (Miller and Perkin), 2689. 
C 18 H 12 0 7 Diace tylanthragallol (Kubota and Perkin), 1893. 

C 18 Hi 4 0 3 r-Phenyl-a-naphthylglycollic acid, conversion of, into ketones, and its 
silver salt (MoKenzib and Tattersall), 2522. 

C 18 H 14 0 4 7-Hydroxy-3-methoxy-2-styrylchromone (Robinson and Shinoda), 1975. 
Acetyl derivative of 7-hydroxy «2-methyl&oflavone (Baker and Robinson), 

C 18 H X4 0 6 7-Hydroxy-3-homopiperonyl-2-methylcliromone (BAKER'and Robinson), 
1431* 

3-Methoxy-5:7-dihydroxy-2-styrylchromone (Robinson and Shinoda), 1977. 
Ci 8 H 14 O e 2:4-Diacetoxybenzil (Marsh and Steven), 1636. 

CiaHieO* 7-Hydroxy-3-methoxy-2-j8-phenylethylchromone (Robinson and Shin- 
ODA), 1976. 

C 1S H X6 0 6 8:7:2'-Trimethoxy-5-hydroxyflavone (Kalff and Robinson), 1971. 
C 18 H 16 N 4 10:15-Diamino-l:8-diraethyldibenzocopyrine, and its hydrochloride. 
(Gulland and Robinson), 1500. 

C 18 Hi 8 O s j8-Phenylpropionic anhydride (Robinson and Shinoda), 1976. 

4-Methoxyphenyl j8:4-dixnethoxystyryl ketone (Malkin and Robinson), 


PisHisO* 

375. 

Ci 8 Hx 8 0 5 

CxsHagOxo 


4i4'-Dicarboxy-3:3'»dimethyldibenzyl ether (Perkin and Stone), 2286. 
Caxnphoryl hydrogen phtbalates (Forster and Shukla), 1859. 
Di(trimethyl glncosan) (Irvine and Oldham), 2919. 
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1811-18 III 


FORMULA INDEX. 


C 18 H 34 0 2 Oleic acid, synthesis of (G. M. and R. Robinson), 175; oxidation of 
(Lapwqrth and Mottram), 1628, 1987. 

tt-Pentadecoylacetone, and its copper salt (Mona an and Holmes), 2894. 

Ci 8 H s 4 0 3 Lactarinic acid (G. M. and R. Robinson), 179. 

CisHseO* Dihydroxystearic acid, oxidation of (Lapworth and Mottram), 1987. 

18 III 

C 18 Hu 0 5 N 6:7:3':4'-Bismethylenedioxy-9-ketoprotopapaverine, and its salts 

(Buck, Perkin, and Stevens), 1470. 

C 18 Hi 2 OC1 s Phenyl-a-napkthylchloroacetyl chloride ( McKenzie and Tattersall), 
2526. 

C 18 HiaO s N 2 Oxime of 6:7:3':4'-bismethylenedioxy-9-ketoprotopapaverine (Buck, 
Perkin, and Stevens), 1471. 

C 18 Hi 3 0CI Phenyl-a-naphthylacetyi chloride (McKenzie and Tattersall), 2527. 

C 18 H 13 0 3 N 2:3-Methylenedioxyoxyprotoberberines (Haworth, Perkin, and 

Pink), 1718. 

OiaHipOiN S^S'^'-Bismethylenedioxyprotopapaverine, synthesis of, and its 
picrate (Buck, Perkin, and Stevens), 1462. 

C 18 H 13 0 6 N StfcS^-Bismethylenedioxy-Q-hydroxyprotopapaverine (Buck,Perkin, 
and Stevens), 1471. 

6:7:3 / :4 / -’Bismethylenedioxy-9-keto-3:4-dihydroprotopapaverine, and its salts 
(Buck, Perkin, and Stevens), 1470. 

Ci8Hi40 6 N 2 Oxime of etfiS'^'-bismethylenedioxy-O-keto-Sil-dihydroprotopapaver- 
ine (Buck, Perkin, and Stevens), 1470. 

C 18 Hi 6 02N 2:3-Methylenedioxydihydroprotoberberine, and its salts (Haworth, 
Perkin, and Pink), 1722. 

C 18 H 15 0 3 CI 4 / :7-Dihydroxy-2-styryl-4-methylbenzopyrylinm chloride (Heilbron, 
Walker, and Buck), 692. 

CxsHisOsN 2:3-Methylenedioxyoxydihydrowoprotoberberine (Haworth, Perkin, 
and Pink), 1719. 

C 18 H 16 04N 6:7:3':4'-Bismethylenedioxy.3:4-dihydroprotopapaverine, and its picrate 
(Buck, Perkin, and Stevens), 1466. 

2-Homopiperonylhomophthalimide (Haworth, Perkin, and Pink), 1717. 

C 18 H 15 0 4 C1 3':4':7-Trihydroxy-2-styryl-4‘methylbenzopyrylinm chloride (Heil¬ 
bron, Walker, and Buck), 693. 

Ci 3 H 1 b 0 5 N Mitro-3':4'-dimethoxy-2-ben2yMene4-hydrindone (Lions, Perkin, 
and Robinson), 1168. 

GisHisBrGe Triphenylgermauium bromide (Morgan and Drew), 1763. 

C 18 H 16 0 2 N 2 4 / -Methoxy-2-styryl-3-methyl-4-quiaazolone (Heilbron, Kitchen, 
Parkes, and Sutton), 2171. 

C X8 Hie0 2 S 2 2;4-Xylyl 2-naphthalenethiolsulphonate (Gibson, Miller, and 
Smiles), 1824. 

Ci 8 Hi 6 0 3 S 2 6-Methoxy-3-tolyl 2-naphthalenethiolsnlphonate (Gibson, Miller, 
and Smiles), 1824. 

C 18 Hi70 2 N 2:3-Methylenedioxytetrahydroprotoberberines, and their salts (Ha¬ 
worth, Perkin, and Pink), 1718. 

Ci 8 Hi 7 0 3 €1 5:7-Dimethoxy-2-phenyl-4-methylbenzopyrylium chloride, and its 
ferrichloride (Walker and Heilbron), 688. 

CxgHttOjN etfiS'^'-Bismethylenedioxy-li&Sil-tetrahydroprotopapaverine, and its 
salts (Buck, Perkin, and Stevens), 1467. 

Piperonylidene-y-piperonylpropylamine (Baker and Robinson), 1429. 

C la H 17 0 6 N iV- Homopiperonylhomophthalamic acid (Haworth, Perkin, and 
Pink), 1718. 

C18H17O5CI Fisetinidin chloride trimethyl ether (4-2H 2 0) (Pratt and Robin¬ 
son), 170. 
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18 III—19II 


C 18 H 17 0 6 CI Cyanidin chloride 3:3^4'4riinethyl ether (-fHH«0) (Pratt and 
Robinson), 1189. 

Morinidin chloride 3:2 / :4'-trimethyl ether (Peatt and Robinson), 1188. 

0xsHi 8 O 2 N 4 Acetophenoneoxalyldihydrazone (Wilson and Pickering), 986. 

Ci 8 Hi 8 0 4 N2 A^-Homopiperonylhomophthalamie acid amide (Haworth, Perkin, 
and Pink), 1718. 

CigHiaOeNe ay-Dialdehydopropane-jS-carboxylic acid di-jp-nitrophenylhydrazone 
(Perkin and Pink), 194. 

C 18 Hi 9 0 2 N Benzylhydrohydrastinine, and its hydrochloride (Hawoeth, Perkin, 
and Pink), 1721. 

C 18 H 19 0 8 N Methyl xY-jS-phenylethylhomophthalamate (Hawoeth, Perkin, and 
Pink), 1716. 

C 18 H l9 0 3 N 3 2:3-Dimethoxy-6 -methylindophenazine methohydroxide (Armit and 
Robinson), 1616. 

C 18 H2o 0 2 N 2 Ethyl phenyl pyruvate ^-tolylhydrazone (Walker), 1862. 

C 18 H 2 q0 4 N 2 6-Nitro-2:3-diethoxyhenzylidene-23-tolmdine (Rubenstein), 2269. 

Ci 8 H 2X 0 3 N Ethyl jp-dimethylaminobenzilate (Singh), 2446. 

1 -1 f - HydroxycycZopentane-l ^carboxylylanilinocycfopentane-l-earboxylaetone 
(Plant and Facer), 2039. 

Ci 8 H 81 0 6 Bf Ethyl a-carbethoxy-a'-bromo-£-phenylglutaeonate (Haerdi and 
Thorpe), 1245. 

C 1 BH 22 O 2 S yy'-Diphenoxydipropyl sulphide {Bennett and Hock), 2675. 

C 18 H 23 0 3 N Ethyl 3-p-dimethylamiDopbenyl-5-methyl-A 5 -cycZohexen“l-one- 
2-carboxylate (Heilbron, Forster, and Whitworth), 2165. 

C 18 H 2B 0 4 N Ethyl 3-j?-dimethylaminophenyl-5-methyl«/cZohexan-5-ol-l-one-2-carh- 
oxylate (Heilbron, Fobster, and Whitworth), 2165. 

CisHgoOc Ethyl A^cycfohexene-l-acetate^-malonate (Baker), 988. 

C 18 H 27 ON 3 Benzylidene-5-menthyIsemicarbazide (Wilson and Crawford), 106. 

C 18 H 2 AN 9-Oarbethoxynonanilide (G. M. and R. Robinson), 177. 

C 18 H 37 ON Aeetohexadecylamide (Adam and Dyer), 73. 

18 IV 

(Griffith 

G 18 Hi 4 0 2 NI 2:3-Methylenedioxyprotoberherininm iodide (Haworth, Perkin, 
and Pink), 1722. 

C 18 H 14 0 3 NC1 3-Chloro-2-homopiperonyl-l-is3qainolone (Haworth, Perkin, and 
Pink), 1717. 

C a8 H I6 0 3 Cl 5 Fe 3-Chloro-4'*methoxy-8-ethoxy-2-phenylbenzopyrylium ferriehloride 
(Ridgway and Robinson), 768. 

C 18 H 18 0 7 N 2 S 6'-Metbylaminopiperonylideneoxindole methyl hydrogen sulphate 
(Armit and Robinson), 1612. 

c 18 h 19 o 4 ns Toluene-p-sulphonyl-6-etboxy-4-keto-l:2:3:4-tetrahydroquinoline 
(Ulemo and Perkin), 2306. 

C 18 HaoOaN«S^ 2:2'-Diacetylmethylaminodiphenyl disulphide (Clark), 974. 

C ls H 21 0 4 NS Ethyl tolaene-p-sulphonylbenzylaminoacetate (Clemo and Perkin), 
2307. 

C 18 H 21 0 5 NS Toluene-^sulphonyl-£-jp-phenetidinopropionic acid (Clemo and 
Perkin), 2306. 


CisHi 0 0 4 S 2 Bp 2 S-.S'-Dibromo-S-.O'-dimethoxy^^'-bisoxythionaphthen 
and Hope), 990. 


O19 Group. 

C l9 H 12 0 4 Acetylisobenzalizarin (Miller and Perkin), 2689. 

CioHieO Phenyl-a-naphthylacetone (McKenzie and Tattersall), 2528. 
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1911—19 III 


FORMULA INDEX 


C 19 Hi 6 0 5 l-Acetoxy-2-methoxyanthrone (Miller and Perkin), 2688. 

7-Hyclroxy-3-homopiperonyl-2-inethylchronione methyl ether (Baker and 
Robinson), 1482. 

Cij>H 16 0 6 3:4'*Dimetho:xy-5:7-dihydroxy-2-styrylchromone (Robinson and Shin- 
oda), 1978. 

C lfl Hie 07 Diacetoxymethoxybenzils (Marsh and Stephen), 1636. 

Ci 9 H 18 0 5 7-Hydroxy-3-homoveratryl-2-methylchromone (Baker and Robinson), 
1433. 

C 19 H 18 Os SiS'^'jS'-Tetramethylmyricetin (Kalff and Robinson), 183. 

C 1S H 1S N 2 jo-Dimethylaminohenzylidene-j3-naphthylamme (Wayne and Cohen), 
460. 

Ci 9 H 20 0 2 3:3-Dibenzylacetylacetone (Morgan and Taylor), 802. 

Ci 9 H 26 0 8 Ethyl diacetalmalonate (Perkin and Pink), 192. 

C 19 H 36 O a Palmitoylacetone, and its copper salt (Morgan and Holmes), 2895. 

C 19 H 38 0 6 Acid, and its derivatives, from saponification of cutin (Lego and 
Wheeler), 1419. 

19 III 

C 19 Hi 3 O q5 N Bismethylenedioxyoxyprotoberberine (Buck, Perkin, and Steyens), 

Cx 9 H 13 N 2 C 13 Benzophenone-2:4:6-trichlorophenylhydrazone (Humphries, Humble, 
and Evans), 1306. 

C 19 Hi 4 0 4 N 2:3:10:11-Bismethylenedioxyprotoberberine, synthesis of, and its salts 
(Buck, Perkin, and Stevens), 1468. 

C 19 H 14 N 2 C1 2 Benzophenone-2:4-dichlorophenylhydrazone (Humphries, Humble. 
and Evans), 1306. 

Ci 9 Hi 4 N 4 BP 2 Dibromoformazylbenzene (Ch att a way and Walker), 982. 

Ci 9 H 16 ON iV’-Phenylbenziminophenyl ether, molecular rearrangement of (Chap¬ 
man), 1992. 

CigHigONg l-Keto-2-phenyl-3:5-dim ethyl-1:2-dihydro-2:4:6-naphthaisotriazine 

(Gulland and Robinson), 1498. 

Ci 9 H 15 0 2 N o-Benzoylaminodiphenyl ether (Turner and Sheppard), 546. 

C X9 H 1 b 0 4 N Bismethylenedioxydihydroprotoberherine, and its picrate (Buck, 
Perkin, and Stevens), 1469. 

Ci 9 H lft 0 3 N 2 l“Cyano-6:7-dimethoxy-2-henzoyl-l:2-dihydroisoquinolme (Haworth 
and Perkin), 1442, 

C 19 H 16 0 4 N a Methoxy-3':4 / -methylenedioxy-2-styryl-l-methyl-4-quinazolones 
(Heilbron, Kitchen, Parkes, and Sutton), 2174. 

C 19 Hi C 0 5 Bp 2 7-Hydroxy.3-homopiperonyl-2-methylcliromone methyl ether di¬ 
bromide (Baker and Robinson), 1432 . 

Ci 9 Hi 7 O s C1 7-Hydroxy-4'-methoxy-2-styryl-4-methylbenzopyrylium chloride 
(Heilbron, Walker, and Buck), 693. 

C 19 H 17 0 4 N 2:3:10:11-Bismethylenedioxytetrahydroprotoberberine (Buck, Perkin 
and Stevens), 1467. ’ 

C 19 H I7 0 4 C1 4 / :7-Dihydroxy-3 / -methoxy-4-styryl-2-methylbenzopyryliiim chloride 
(Heilbron, Walker, and Buck), 693. 

C 19 H X8 O a Te 4:4-Dibenzylcycfotelluropentane-3:5-dione (Morgan and Taylor), 
803. 

C 19 Hi 8 0aN s 3':4'-Dimethoxy-2-styryl-3-methyl-4-quinazolone (Heilbron. Kit¬ 
chen, Parkes, and Sutton), 2171. 

C 19 H 18 0 8 Ne o7-Dialdehydopropaae-j3/3-dioarbosylic acid di-p-nitrophenYlhvdrazone 
(Perkin and Pink), 198. J ™ 

Ci3H^o02N^^-^-Pbenylethyl-4:4-dimeihylh°ffi o phtha.liiiiid6 (Haworth, Perkin, 
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FORMULA INDEX. 19 HI—20 II 

Ci^ObN ^Methyl AT-homopiperonylhomophthalamate (Haworth, Perkin, and 

CioH ia 0 7 CI Delphinidin chloride 3:8':4':5'-tetramcthyl ether (Pratt and Robin¬ 
son), 1189. 

Ci»H 2 o 0 6 N 2 6 '-2STitroveratrylnorhydrohydrastinine (Haworth and Perkin), 1450. 

C X9 H 20 NI Benzylquinaldine ethiodide (Mills and Raper), 2474. 

C X0 H S1 0 4 N Methyl jS-toluidinobenzylmalonates (Wayne and Oohen), 459. 

C 19 H 26 O 9 N 4 4-Carhethoxybispiperidinirun-l:l / -spiran picrate (Mills and Bains), 
2506. 

19 IV 

Ci 9 Hi 2 ONaS 2 Substance, from distyryl ketODe and thiocyanogen (Challenger and 
, Bott), 1041. 

C 10 H 14 ONCI .V-Phenylbenziminochlorophenyl ethers (Chapman), 1996. 

C X9 H 18 0 2 Cl 2 Te 4:4-Dibenzylr^cfotelluripentane-3:5-dione 1:1-dichloride (Morgan 
and Taylor), 802. 

C 19 H lfl 0 5 NBr d'-Bromohomoveratroylhomopiperonykinine (Haworth and Per¬ 
kin), 1451. 

C 19 H 19 0 5 Cl 4 Fe 5:7 ^'^'-Tetramethoxyflavylmm ferrichloride (Pratt and Robin¬ 
son), 1134. 

C 19 H 20 0 4 NBf d'-Bromoveratrylnorhydrohydrastinine, and its salts (Haworth 
and Perkin), 1452. 

C 19 H 28 0 2 NBf 4-Phenyl-4 / -carbethoxybispiperidinmm-l:l , -spiran bromides (Mills 
and Warren), 2512. 

C 19 H 28 0 2 NI 4-Phenyl-4 / -carbethoxybispiperidinimn-l:l , -spiran iodides (Mills and 
Warren), 2512, 

C 20 Group. 

CaoHuO, Acetylbenzalizarin metbyl ether (Miller and Perkin), 2689. 

CzoHuOs Triacetylanthragallol (Kubota and Perkin), 1893. 

C 20 Hi 6 O 6 7-Acetoxy-3-homopiperonyl-2-methylchromone (Baker and Robinson), 
1431, 

5:7-Diacetoxy-2-methylisoflavone (Baker and Robinson), 1985. 

7:8-Diacetoxy-S-phenyl-2-methylbenzo-7-pyrone (Baker), 2357. 

C 2 oH X8 0 7 Diacetylgalangin 3-methyl ether (Kalff and Robinson), 182. 

2-o-Methoxybenzylidene-4:6-diacetoxycoumaranone (Kalff and Robinson), 1969. 

C«H xe O s 2 : 4 : 6 -Triacetoxybenzil (Marsh and Stephen), 1631. 

C* 0 H X *N* Dimethyl- 2 ; 2 '-diquinolyls, and their salts (Conolly), 2083. 

C 20 H 18 O 4 7-Acetoxy-3-benzyl-2:5-dimethylbenzo-7-pyrone (Baker), 2357. 

7 -Hydrbxy- 3 -benzyl- 2 : 5 -dimethylbenzo- 7 -pyrone (Baker), 2357, 

Lactone from ethyl sodiobenzylmalonate and phenacyl bromide (R. M. and 
X H. Ray), 2723. 

C 20 H I8 O, 4 -Methoxycinnamic anhydride (Robinson and Shinoda), 1977. 

C a6 H X8 0e Diacetylanthrapurpurinanthranol dimethyl ether (Miller and Perkin), 
2691* 

S:7:4VTrimethoxy-5-hydroxy-2-styrylchromone (Robinson and Shinoda), 1978, 

C 20 H 18 0 7 3 ; 3 f :4'-Trimethoxy-5:7-dihydroxy- 2 -atyrylchromone (+H a O) (Robinson 
and Shinoda), 1979. 

C 2o H 20 O 6 7-Methoxy-3-homoveratryl-2-methylchromone (Baker and Robinson), 
1433, 

C 2 QH 20 O 5 Ethyl berizoylveratroylaeetate (Gulland and Robinson), 1501, 

C^oHaeOs Dibenzyl: dimethoxysnccinate, rotation of (Patterson and Fulton), 
2436. 
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2011—20 III 


FORMULA INDEX. 


C 30 H 24 O 7 Ethyl 2 -henzoyk?/cZohiitaiie-l: 2 :S-tricarboxylate (Ing and Perkin), 2397. 

C 20 H 34 O 2 Substance, from reduction of tagetone (Jones and Smith), 2539. 

C ao H 38 02 Margaroylacetone, and its copper salt (Morgan and Holmes), 2895. 

C 20 H 40 O 2 Araehidic acid, synthesis of (Adam and Dyer), 70. 

C 20 H 43 N Eicosylamine, hydrochloride of (Adam and Dyer), 73. 

20 III 

CjjoHuOxsN: Picryl-3-methoxy-4-picryloxybenz52/9ialdoxime (Brady and Klein), 
847. 

C 20 H 1B ON 3 2-a-4-Pyridylbenzyl-3-quinoxalone (Singh), 2449. 

C 20 H 1B N 2 C1 3-Chloro-2:2-diphenyl-l:2-dihydroquinoxaline (Ingold and Weaver:), 
385. 

C2oH 16 0 2 N2 a-Napbthacarbamylcmnamaldonimes (Brady a*-"' JHugh), 2426. 

C 2 oH 1 i 0 7 BP 2 2-o-Methoxybenzylidene-4:6-dia^oxycouinr > >^€aibronlide (Kalef 
and Robinson), 1970. 

C 20 H 17 ON Stibstance, from «$-diphenyl ethylene ar \*frfrosobenzene, constitution 
of (Botrkhardt, Lapworth, and Walkden), ^58. 

C 20 H 17 O b N Oxyberberine, synthesis of (Perkin, BAy, and Kobinson), 740. 

C 20 H 18 O 4 N 2 Iminoberberine, and its hydrochloride (Haworth, Perkin, and 
Pink), 1723. 1 * 

C 20 H 1S ON j8-Amino-aa,8-triphenyIethyl alcohols (McKenzie and Wills), 290. 

C 2 oH la 0 2 N 3 7-Methoxy-4'-dimethyIamino-2-styryl-l-methyI-4-quinazolone (Heil- 

t bron, Kitchen, Parkes, and Sutton), 2175. 

C 2 oHi fl 0 4 N Anhydro-7-demethylomethylpapaverinol (Haworth and Perkin), 
1458. 

2-Homopiperonyl-4:4'dimethyihomophthalimide (Haworth, Perkin, and Pink), 

- 1717. 

C 2 oHi 9 OeN 2-Homopiperonyl-6:7 -dimethoxyhomophthalimide (Haworth, Per¬ 
kin, and Pink), 1720. 

C 2 0 H 20 O 8 N 2 6-Nitrotetrahydroberberine (Haworth and Perkin), 1451. 

C 20 H 21 0 4 N 7-BemethylometbyIpapaYerine (Haworth and Perkin), 1458. 

e^-Dicentrme, synthesis of, and its salts (Haworth, Perkin, and Rankin), 

2022. 

C 20 H 21 O 5 N 7-Demethylomethylpapaverinol (Haworth and Perkin), 1457. 

O^^^S'-Tetramethoxy^-benzyl-l-tsoqninolone (Haworth and Perkin), 1439. 

6:7:3':4'-Tetramethoxy-2-benzyM-woqninolone (Haworth, Perkin, and Ran¬ 
kin), 1446. 

C 20 H 21 O 8 €l Cyanidin chloride pentamethyl ether, and its hydrochloride (Pratt 
and Robinson), 171. 

C 20 H 2 iO 7 N A T -Homopiperonyl-4;5-dimethoxyhomophthalamic acid (Haworth, 
Perkin, and Pink), 1720. 

C S oH2 2 0 2 N 2 trans -1 -MethylcycZopropane-1:2-dicarboxylic acid di^-toluidide (In¬ 
gold), 396. 

C 2 oH 22 0 6 N 2 Ethyl i 8 -??i-nitroanilmobenzylmalonate (Wayne and Cohen), 456. 
6 : 7 -Methylenedioxy- 2 ^ 3 '-dimethoxy- 2 -ben 2 yl-l-nitrometliyl~l: 2 ; 3 : 4 -tetrahydro- 
isoqninoline (Haworth and Perkin), 1441. 

6^Nitroveratrylhydrohydrastinine, and its salts (Haworth, Perkin, and 
Rankin), 2021. 

C 20 H 28 O 4 N l-Veratrylbydrohydrastinine, and its salts (Haworth, Perkin, and 
Rankin), 2020. 

C 20 H 23 O 5 N * l-Hydroxy-6:7^'tS'-tetramethoxy-S-benzyl- l:2-dihydro&oquinoline 
(Haworth and Perkin), 1438. 

3 -Hydroxy-6:7:3':4'-tetrametlioxy-2-benzyl-l:2-dihydro&oquinoline (Haworth, 
Perkin, and Rankin), 1445. 
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FORMULA INDEX. 


20III-20IV 


O&HaaOjN 6:7:2':3 / -Tetramethoxy-2-benzyl-3:4-dihydro4-&oquinolGne (Haworth 
arid Perkin), 1440. 

^»H 240 4 N 2 6'-AminoveratryHiydrohydrastmine, and its salts (Haworth, Perkin, 
and Rankin), 2021. 

AoHjANj Nitrosoamine of 7-demethylomethyltetrahydropapaverine (Haworth 
and Perkin), 1459.. 

W3 2 50 4 N 7-DemethylomethyltetrahydropapaYerine, and its picrate (Haworth 
y and Perkin,) 1459. 

6:7:2':3'-Tetramethoxy-2-benzyl4:2:3:4-tetrahydro£$oqtiinoline (Haworth and 
a Perkin), 1439. 

f 0i7:3 , :4'-Tetramethoxy-2-benzyl-l:2:3:4-tetraliydro2Soqnmoline (Haworth, Per- 
% , kin, and Rankin), 1446. 

4qH 2 S 0 5 N l-Hydroxy*6:7:2':3'-tetratnetboxy-2-benzyl-l;2:3:4-tetrabydro^oquino- 
line, and its salts (Haworth and Perkin), 1440. 

^HggOgS 7 y'-Di-p-tolyloxydipropyl sulphide (Bennett and Hock), 2675. 
®soH 2 80 8 N 4 Ethyl 6-phenylhexahydro-l:2:3:4-tetrazine-l:2:3: 4 -tetracarboxylate 

(Ingold and Weaver), 336. 

PaoHsaOaNa Myristaldehyde^-nitropheDylhydrazone (Stephen), 1876, 

;C 20 H 41 ON Aceto-octadecylamide (Adam and Dyer), 73. 

20 IV 

CgoHjaOsNCl 3 -Ohloro-2-homopiperonyl-6:7-dimethoxy-l-i>oquinolone (Haworth, 
Perkin, and Pink), 1720. 

C s0 H 20 O 2 NC1 7-Hydroxy-4 , -dimethylamino-2-styryl-4-methylbenzopyrylium 
chloride (Heilbron, Walker, and Buck), 693. 

CjoHaoOsNI 6:7-Methylenedioxy-3':4'-<rimethoxy-l-benzoyI-3:4-dihydro&oquinoline 
methiodide (Haworth, Perkin, and Rankin), 2020. 

CgoHaxOeCliFe 3:5:7;2^4'-Pentamethoxyflavylium ferrichloride (Pratt and 
Robinson), 1137. 

C 20 H 22 O 4 NCI Ethyl jS-p-chloroanilinobenzylmalonate (Wayne and Cohen), 457. 
GaoHaaOiNBr* Ethyl jS-^-bromoanilinobenzylmalonate (Wayne and Cohen), 457. 
f^^S'Tetramethoxy-S-benzyl&oquinolinium bromide (Haworth and Perkin), 
1437. 

6:7:3 / ;4 f -Tetramethoxy-2-henzylwoquinoliiiium bromide (Haworth, Perkin, and 
Rankin), 1445. 

O 20 H 22 O 4 NI 6;7i2':3'-Tetrametboxy-2-benzylisoquinolmium iodide (Haworth 
and Perkin), 1438. 

6:7:3':4'-Tetrametboxy-2-benzyh‘soquinolmium iodide (Haworth, Perkin, and 
Rankin), 1445. 

l-Veratryl-6:7-methylenedioxydihydroisoquinoline methiodide (Haworth, Per¬ 
kin, and Rankin), 2020. 

G 20 H 24 G 2 N 2 S 2 2 : 2 '-Diacetylethylaminodiphenyl disulphide (Claris), 974. 

0 2 O H 24 O 4 NCI 6:7:8't4 / -Tetramethoxy-2-benzyl-3:4-dihydrowoqumoimium chloride 
(Haworth, Perkin, and Rankin), 1447, 

C 2 (j H 24 0 4 NI 6:7:2':3'-Tetramethoxy*2-benzyl-3:4-dihydrowoquinolinium iodide 
* (Haworth and Perkin), 1439. 

ijB^iS'^'-Tetramethoxy^-benzyl-S^-dihydrowoquinolinium iodide (Haworth, 
m Perkin, and Rankin), 1446. 

BoHeaOjNIs 6 : 7 : 3 ': 4 '/retramethoxy- 2 -benzyl- 3 : 4 -dihydro& 0 qumolinium periodide 
¥ (Haworth, Perkin, and Rankin), 1447. 

&oHs 40 4 NS yy'-Dipropyl sulphide diphenylurethane (Bennett and Hook), 
F 2673. 
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2111—21 III 


FORMULA INDEX. 


On Group. 

C 21 H 14 O 3 7-Hydro xy-2-phenyUsoflavone (Baker and Robinson), 1985. 

C 21 H 14 O 4 7:8-Dihydroxy-2; B-diphenylbenzo- 7 -pyrone (Baker), 2357. 

C 21 H 14 O 5 Diacetylisobenzalizarin (Miller and Perkin), 2690. 

C 21 H 14 N 2 2 -Phenylphenanthriminazole (Sircar and Ray), 1048. 

C 3l H 16 N 2 2-Phenyl-3-henzylquinoxaline (Malkin and Robinson), 373. 

G 2 iHifiS a Benzyl 9-anthryl disulphide (Footner and Smiles), 2889, 

CaiHisOs Diacetoxy-3-benzyl-2-methylbenzo-y-pyrones (Baker), 2356. 

C 2 iH 18 0 8 1 Diaeotoxydimethoxyfiavone (Kalff and Robinson), 1971. 

C 2 iH 18 O a Triacetoxymethoxybenzils (Marsh and Stephen), 1637. 

C 21 H 20 O 2 aajS-Triphenylpropylene ajS-glycol (Roger), 522. 

C^HjsqO® 7-Acetoxy-3-homoveratryl-2-methylchromone (Baker and Robinson), 
1483. 

C 21 H 20 O 7 3:7:3 / :4 , -Tetrametboxy-5-hydroxy-2-styrylchromone (Robinson and 
Shinoda), 1979. 

C 21 H 20 O 9 2:4-Diacetoxytrimethoxybenzil (Marsh and Stephen), 1637. 

C 21 H 24 0* j 8 £'-Dibeuzyloxydiethylmalonic acid,, and its salts (Bennett), 1280. 
C 2 iH 4 o0 2 Stearoylacetone, and its copper salt (Morgan and Holmes), 2895. 

21 III 

C 2 iH 12 0 8 N a Nitro-2-phenylphenanthroxazoles (Sircar and Ray), 1049. 
C 2I H 13 0 2 N 2'-Hydroxy-2-phenylphenanthroxazole (Sircar and Ray), 1049. i 
C 21 H 14 0 2 N 2 l:4-c?M?o-Keto-2-keto-3:3-dipheiiyltetrahydroquinoxaline (INGOLD and 

Weaver), 384. 

C 21 H 14 0 5 N* Dinitro-derivative of anhydro-2:4-dialdehydobenzoic acid diphenyl- 
hydrazone (Perkin and Stone), 2293. 

C 21 H 14 N 2 S Naphthylaminonaphthathiazoles (Hunter), 2272. 

C 2 iHi 6 ON 4 Anhydro-2:4-dialdehydobenzoic acid diphenylhydrazone (Perkin and 
Stone), 2292. 

C 31 H 16 0 2 N 2 Dianilinodialdehydobenzoic acid (Perkin and Stone), 2292. 1 

C 2 iH 18 0 2 N 4 Phenylcarbamate of benzeneazobenzylfonnaldoxime (Walker), 1861. 
C 31 H 19 0N Benzoyldi-jj-tolylamme (Chapman), 1998. 

JSF-p-T olylbenzimin 0 -p -toly 1 ether (Chapman), 1998. 

C 21 H 19 0 2 N s Benzoin-5-phenylsemicarbazone (Hopper), 1287. 

C 2 iHi 9 0 4 N Ethyl diphenacylcyanoacetate (R. M. and J. N. My), 2722. 
C gl H 2 o 0 4 N 2 2:4-Dihydroxyphenyl £-2:4-dihydroxyphenylethyl ketone phenyl- 
hydrazone (Chapman and Stephen), 892. 

C^H^oOsNa l-Cyano-6:7: 2 ': 3'-tetram ethoxy- 2 -benzoyl- 1 : 2 -dihydrowoquinoline 
(Haworth and Perkin), 1442. 

C 2l H 3 o0 9 S 3 Glyceryl tribenzenesulphonate (Fairbourne and Foster), 2762* 
C 2I H 21 ON ^-j3-Amino-aa-diphenyl-i8-benzylethyl alcohol (McKenzie and WlLfcs), 
293. 

Amino- aa/8- triphenyl-^-methylethyl alcohol (McKenzie and Wills), 292. 
C 21 H 22 O 2 N 2 Strychnine, aluminioxalate of (Child, Roberts, and Turner), 2971. 
C 2 iH 22 0 4 N 2 l-Cyano- 6 :7:2':3'-tetramethoxy-2-benzyl-l:2-dihydrowoquinolme 
(Haworth and Perkin), 1438. 

l-Cyano-6:7:3':4'-tetrainethoxy-2-benzyl-l:2-dihydroi>oqumoline (Haworth, 
Perkin, and Rankin), 1446. 

02 * 62305 ^ Keto-7-demethylo-^-corydaline (Haworth and Perkin), 1461. 
C 21 H 2S 0 9 N Ethyl £-carboxyanilinobenzy3malonates (Wayne and Cohen), 456. 
C 2 iH2s0 7 N Methyl W-homopiperonyl-4:5-dimethoxyhomophthalamate (Haworth, 
Perkin, and Pink), 1720. 
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FORMULA INDEX. 


21 III—22 II 


C 23 Hg&0 7 Cl Delphinidin chloride hexamethyl ether, (-f JH s O) and its salts (Pratt 
, ^nd RobInson), 174. 

CsiHsiO^ l-Cyano-6:7:2^3'-tetramethoxy*2-benzyl-l:2:3:4-tetrahydro&oqmnoline 
(Haworth and Perkin), 1441. 

l.Cyano-6:7:3':4'-tetramethoxv-2-benzyl-l: 2:3:4 - tetrab ydro&oquin oline (Ha¬ 

worth, Perkin, and Rankin), 1447. 

C 2 iH 35 0 4 N 7 -Demethylo-^-corydaline (Haworth and Perkin), 1460. 

Ethyl £-aniHno-^-tolylmalonate (Wayne and Cohen), 455. 

Ethyl jS-toluidinobenzylmalonates (Wayne and Cohen), 455. 

C 21 H 25 0 5 N Ethyl £-anilinoanisylmalonate (Wayne and Cohen), 458, 

Ethyl jS-anisidinohenzylmalonates (Wayne and Cohen), 458. 

C 2 iHo 6 0 4 N 2 Demethylechitamme, and its hydrochloride (Goodson and Henry), 
1646. 

C 21 H 3 *O s N 3 6 : 7 : 2 ': 3 '-Tetramethoxy- 2 -benzyl-l: 2 : 3 : 4 -tetrahydro& 0 quinoline-l- 
carboxylamide (Haworth and Perkin), 1443. 

CaiHssOgNa 6:7:2 , :3'-Tetrainethoxy-2-benzyl-l-nitromet]iyl-l:2:3:4-tetrahydrozso- 
quinoline (Haworth and Perkin), 1440. 

6:7:3':4'-Tetramethoxy-2-ben zyl-1 -nitrom ethyl-1:2:3; 4 -1tetrahy dro&oquin oline 
(Haworth, Perkin, and Rankin), 1447. 

C 2 l H 37 0 4 N 6:7;2':3'-Tetramethoxy-2-benzyl-l-methyl-l :2;3:4-tetrahydmsoquino- 
line, and its picrate (Haworth and Perkin), 1442. 

C 2 iH 2 7 0 4 N3 Ngaione _ 2 ?-nitrophenylbydrazone (MoDowall), 2203. 

C 21 H 31 0 4 N O-Aceto-W-imdecenovanillylamide (Jones and Pyman), 2598. 

C 21 H 44 ON 2 Eicosylcarbamide (Adam and Dyer), 73. 

; 21 IV 

C 2 l H l 3 N*Br 3 S ®bromo-2-a-naphthylamino-£-naphthathiazole (HtJnter), 2272. 

C 21 H 14 ON 3 Cl 2 2 s$-Diehloro-l: 4-cnc2o-keto-3:3-diphenyltetrahydroqninoxaline (In¬ 
gold and Weaver), 885. 

C 31 Hi 4 HaBp 4 S 2^-Naphthylaraino-8-naphthathiazole tetrabromide (Hunter), 
2272. V 

CsiHi 4 N 3 Br«S Naphthylaminonaphthathiazole hexabromides (Hunter), 2273. 

C 2 iH 1e N 2 Bf 3 S Mptphthylaminonaphthatriazole tribromides (Hunter), 2272. 

C 21 H 1s N 2 Bp 7 S aphthylamino-#-naphthathiazole heptabromide (Hunter), 

2272. ^ , 

CaxHigOaNsAs W-Nitrobenzoyl-3 , -amino-4'-anisoyl-4-aminophenylarsmic acid 
(King and ®roh), 2644. 

GaiHao^sNsAs ft-Aminobenzoyl*3'-amino-4'-anisoyl-4-aininopheny]arsinic acid, ; 
and its salts ®ing and Muroh), 2644. 

C 21 H 24 O 4 NCI f D»dro-7-demethylo-^-dehydrocorydalinium chloride (Haworth 
and Perkin)^1460. 

C 2 iH a 4 04 NI Dihydro-7-demethylo-^-dehydrocorydalinium iodide (Haworth and 
Perkin), 1460. 

C 2 l H 27 O 10 N 3 S 2 Dimethoxyinetbylwoindophenazine dimethosulphate (Armit and 
Robinson), 1616. 

’ .* \ 

C 22 Group. 

C 28 HieO a 7 -Hydroxy- 3 -benzyl- 2 -pbenylbenzo- 7 -pyrone (Baker), 2355. 

CjfcHtfQi Dihydroxy- 3 -benzyl- 2 -phenylbenzo- 7 -pyrones (Baker), 2356. . 

A 2 H a 2 0 7 3:4-Dimethoxycinnamic anhydride (Robinson and Shinoda), 1979. 

C 22 H 42 O 2 tt-Nonadecoylacetone, and its copper salt (Morgan and Holmes), 2896. 

C 22 H 44 O 2 Behenic acid, sodium salt, state of, in solution (Laing), 2751* 
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22 III—23 III 


FORMULA INDEX. 


22 III 

C 22 H 1 AN 2 o-Pkenoxybenzeneazo -naphthol (Turner and Sheppard), 546. \ 

CgoHiaONa 2-p-Methoxyphenyl-3-benzylquinoxaline (Malkin and Robinson\ 
375. 

2 -Phenyl- 3 -p-methoxybenzylquinoxaline (Malkin and Robinson), 374. 

C 22 H 1 AN 3 Benzilmono-5-benzylsemicarbazone (Hopper), 1286. 

C 22 H 2 o 0 2 N 4 Phenylpyruvic acid oxime phenylcarbamate (Walker), 1862. 

C 22 H 21 0 2 N 3 Benzoin-5-benzylsemicarbazone (Hopper), 1287. 

C a 2 H a AN 2 AnhydrocotaTnine*6-nitro-4:5-dimethoxyphthalide (RAy and Robin¬ 
son), 1621. 

C 22 H a 3 0 3 N 3 -^-Dimethylamino- 5 -o-hydroxystyryl-A 5 -c 2 /cZohexen-l»one (Heilbron, 
Forster, and Whitworth), 2164. 

C 22 H 23 0 6 N 7 -^-Dimetbylaminocinnamoyl-j 8 - 0 -bydroxypbenylpropane-aa'-dicarb- 
oxyHc acid (Heilbron, Forster, and Whitworth), 2166. 

Dimethyl-2-homopiperonyl-6:7«dimethoxyhomophthalimide (Haworth, Perkin, 
and Pink), 1720. 

C 22 H 24 O 10 S Tetra-acetyl glucoside (Oraik and Macbeth), 1639. 

C 22 H 28 0 4 N 2 Echitamine, and its salts (Goodson and Henry), 1640. 

C 22 H 37 0 2 N 3 Palmitaldehyde-^-nitroplienylhydrazone (Stephen), 1876. 

22 IV 

C 23 H 17 0 a Cl 4 Fe 7-Metboxy-4*pbenylflavylinm ferricbloride (Armit and Robin¬ 
son), 1617. 

C 2 2 H 2 o 0 9 N 3 As S' / -Hitro-4''-ani8oyl-3'-amino-4'-anisoyl-4~ammophenylarsinic acid 
(King and Murch), 2643. 

C 22 H 22 0 7 N 3 As> 3 , '-Amino-4"-anisoyl-3'*ammo-4'-anisoyl-4-ammopbenylarsiriic 
acid, and its salts (King and Murch), 2643. 

C 22 H^s0 2 N 2 S 2 2:2'-Diacetylethylamino-5:5'-dimethyldiphenyl disulphide (CLARK), 

C 22 H 2 fi 0 4 NCl Anhydro-7-demethylomethyl-^-corydaline, anditspicrate (Haworth 
and Perkin), 1462. 

C 22 H 28 0 4 NI 7 -Demethylo-^-corydaline methiodide (Haworth and Perkin), 
1460* 

C23 Group. 

C 23 H 1 «0 4 Acetyl derivative of 7-hydroxy-2-phenylwoflavono (Baker and Robin¬ 
son), 1985, 

C 28 Hi 3 Oio Datiscetin tetra-acetate (Kalff and Robinson), 1971. 

OaaH 18 On Tetra-acetylquercetin (Kubota and Perkin), 1894. 

CaAaOio StS'^'iS'-Tetramethylmyricetin diacetatp (Kalff and Robinson), 183. 

€ 23 H 22 0ix Mse-Triaoatoxy-B'^'iS^trimethoxybewzil (Marsh and Stephen), 1637. 

GzzT&uOz w-Eieoaanoylacetone, and its copper salt (Morgan and Holmes), 2896. 

23 III 

C a 3 H»O a N 7:8-Methylenedioxy-ll-plienylmdfanoqumoline, and its salts (Armit 
and Robinson), 1610. 

C 23 H 17 0 4 C1 4':5;7-Trihydroxy-2-phenyl-4-styiylbeiizopyrylium chloride (Walker 
and Heilbron), 687. 

C 2 sH 20 O 2 H a 2-p-Methoxyphenyl-3-^-methoxybenzylquinoxaline (Malkin and 
Robinson), 376, 

C 23 H 8Q OsNe Ethyl 3-keto-2:2-diphenyltetrabydroquinoxaline-4-carboxylate (Ingold 
and Weaver), 384. 

Ethyl 4-keto-2:3:3-triphenyldimethy3ene-l:2-di-iimne-l-earboxylate (Ingold and 
Weaver), 383, , 
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FORMULA INDEX. 


23 III—25 II 


C 23 H 20 O c S 7-Methoxy-4-phenylfhvylium. methohydroxide (Armit and Robinson), 
1617. 

C 23 H 20 BfAS Phenylmesitylbenzylmethylarsoniuin bromide (Hunt and Turner), 
2669, 

C 23 H 21 O 3 N 3 Benzophenone-8-4-carbethoxyphenylsemicarbazone (Wilson and 
Crawford), 107. 

C 23 H 22 0 4 N 2 jS-Phenyl-a-carbethoxyhydrazine-jS-diphenylacetic acid (Ingold and 
Weaver), 383. 

c 23 h 23 o 4 N 3 -jp-Dimethylaminophenyl- 5 - 0 -hvdroxystyryl-A 5 -c^cZ 0 hexen-l-otne- 2 - 

carboxylic acid (Heilbron, Forster, and Whitworth), 2164. 

c£Z- 2 / -Carboxybenzene- 4 -azodiphenyl-/? 7 -diamino-?&-butanes, and their 
salts (Morgan and Skinner), 1739. 

C 23 H 24 0 6 H a p-Nitrobenzylbenzoyl-Z-ecgonine, and its salts (Gray), 1154. 

C 23 H 25 0 3 N 3 -( 4 '-Methoxy- 2 Miydroxy)phenyl- 5 '^-dimethylammostyryl-A 5 * 0 Z/cZ 0 - 

hexen-l-one (Heilbron, Forster, and Whitworth), 2166. 

C 23 H 26 0 4 N Benzylbenzoylecgonines, and their salts (Gray), 1153, 1158. 

C 23 H 25 0 5 N Benzyl-o-hydroxybenzoyW-ecgonine, and its picrate (Gray), 1157. 

0 -Hydroxy benzylbenzoyl-Z-ecgonine, and its salts (Gray), 1155. 

C 24 Group. 

C 24 H 18 Oa 7 -Methoxy* 2 -styrylzsoflavone (Baker and Eobinson), 1986. 

C 24 H 18 0 4 7 -Acetoxy- 3 -benzyl- 2 -phenylbenzo- 7 -pyrone (Baker), 2355. 

C 24 H 2 oO u Tetra-acetylquercetin methyl ether (Kubota and Perkin), 1895. 

C 24 H 20 Ge Tetraphenylgermane (Morgan and Drew), 1762. 

C 24 H 21 N Dibenzylquinaldine (Mills and Akers), 2477. 

C 24 H 22 0 Benzylidenedibenzylacetone (Mills and Akers), 2477. 

c 24 h 22 n 2 Substance, from l-methyl-2-methylene-l :2-dihydro-£-naphthaquinoline 
and jj-dimethylaminobenzaldehyde (Mills and Eaper), 2472. 

C 24 H 42 0 21 Maltodextrin-£ (Ling and Nanji), 645. 

24 III 

C 24 H 16 OAs 2 ooVDiphenylylenearsenious oxide (Aeschlimann, Lees, McCleland, 
and Nicklin), 69. 

C 24 H 17 0 2 N Anhydro-7:8-methylenedioxy-ll-phenylindenoquinoline metkohydr- 
oxide, and its salts (Armit and Bobinson), 1611. 

C 24 H 1 # 0 4 C1 5:7-Dihydroxy-4 / -methoxy-2-phenyl-4-styrylbenzopyrylium chloride 
(Walker and Heilbron), 687. 

c 24 h 26 0 4 N Ethyl 0 -naphthylaminobenzylmalonates (Wayne and Cohen), 455 . 

C 24 H a 6 0 8 S 3 Glyceryl tri-j>-toluenesulphouate (Fairbouiinb and Foster), 2762. 

G 24 H 27 0 4 N Phenylethylbenzoylecgonines, and their salts (Gray), 1156, 1158. 

C 24 H 27 0 6 N Benzylhydroxymethylbenzoyl-^-ecgonines, and their picrates (Gray), 
1157. 

C 24 H 31 0 3 N 3 Ethyl 3 -^-dimethylaminophenyl- 5 -methylcyc? 0 hexan- 5 -ol-l-one- 2 - 
carboxylate phenylhydrazone (Heilbron, Forster, and Whitworth), 2165. a 

C 24 H 4 i0 2 N 3 Stearaldehyde jj-nitrophenylhydrazone (Stephen), 1876, 

C 26 Group. 

C 25 H 18 Oe 7 : 8 -Diacetoxy- 2 : 3 -diphenylbenzo- 7 -pyrone (Baker), 2357. 

C 25 H 20 O Phenyl-a-naphthylmethyl ^-tolyl ketone (McKenzie and Tattersall), 
2529. 

C 25 H 22 O aj3-Diphenyl-a(a-naphthyl)-propan-£-ol (McKenzie and Tattersall). 
2527, 

0 25 H 24 N 2 Substance, from l-ethyl-2-methyleiie-l:2-dihydro-i3-naphthaq < uinoUne 
and ^-dimethylanainobelizaldehyde (Mills and Baper), 2472. 
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25 III—26IV 


formula index. 


\ 

25 III \ 

C sHifiOiCI 4^4":7-Trihydroxy-2:4-distyrylbenzopyrylium chloride (Heilbron\ 
a Walker, and Buck), 694. \ 

Cjj-HsiOaCI 5:7-Dimethoxy- 2'- and -4Miydroxy-2-phenyl-4-styrylbenzopyrylium 
chloride (Walker and Heilbron), 688 . 

C 26 H 22 0 4 N 3 Ethyl acetyl-3-keto-2:2-diphenyltetrahydroquinoxaline-4-carboxylate 
(Ingold and Weaver), 384. 

C 25 H 24 NI Dibenzylquinaldine methiodide (Mills and Akers), 2477. 

C 25 H 25 N 2 I Substance, from / 3 -naphthaquinaldine ethiodide and jp-diraethylamino- 
benzaldehyde (Mills and Rarer), 2472. • 

C«H 2 70 4 N EthyI3-p-dimethylaminophenyl'5-o-hydroxystyryl-A 5 -c2/c?ohexen-l-one- 
2 -carboxylate (Heilbron, Forster, and Whitworth), 2163. 

C a5 H 2 #0 4 N Phenyl-n-propylbenzoyl-i-eogoidne, and its hydrochloride (Gray), 
1156. 

C S5 H l9 0 5 N Benzyltropoyl-Z-ecgonine, and its salts (Gray), 1156. 

25 IV 

C„H 22 0 8 NCI 5:7-Dihydroxy4'-dimethylamino-2-phenyl-4*styrylbenzopyrylium 
chloride, and its salts (Walker and Heilbron), 687. 


C 26 Group. 

C 26 H 20 O 8 5 : 7 -Diacetoxy- 3 -benzyl- 2 -phenylbenzo- 7 -pyrones (Baker), 2366. 

C 28 H 22 N 4 Benzaldehydediphenylene-4:4'-dihydrazone (Chattaway, Ireland, and 
Walker), 1853. 

C 26 H fi o0 8 Acid, and its salts, from saponification of cutin (Legg and Wheeler), 
1419. 

26 IH 

C 28 H 18 N 4 BP 4 l:4-Di(2:4-dibromophenyl)-3:6-diphenyl-l:4-dihydro-l: 2:4: 6 -tetrazine 
(Chattaway and Walker), 983. 

C SB H 19 0 6 CI Trihydroxymethylenedioxy*2:4-distyrylbenzopyrylinm chlorides (Heil¬ 
bron, Walker, and Buck), 696. 

C 28 H 20 O 4 N 8 Nitrobenzaldehydediphenylene-4:4'-dihydrazones (Chattaway, Ire¬ 
land, and Walker), 1854. 

C W H 21 0 4 C1 Dihydroxymethoxy-2:4-distyrylbenzopyrylium chlorides (Heilbron, 
Walker, and Buck), 695. 

CjeHjiOgCl Trihydroxymethoxy-2:4-distyrylbenzopyrylinm chlorides (Heilbron, 
Walker, and Buck), 695. 

PaeHttOsCl 3':5:7-Trimethoxy-4'-hydroxy-2-phenyl-4?styrylbenzopyryUum chloride 
(Walker and Heilbron), 689. 

C««H 24 0 4 Ni Py-iV-Methylphenyldiveratrowoharmyrine (Armit and Robinson), 
1613. 

C 24 H k NI Dibenzylquinaldine ethiodide (Mills and Rater), 2473. 

CjUft# Ethyl jp-dimethylamino-o-methoxystyryl-A 5 -cycZohexen-l-one-2-carb- 
oxylates (Heilbron, Forster, and Whitworth), 2164. 

C 28 H 29 0JN Ethyl 3-^*dimetliylammophenyl-5-(methoxy-2 / -hydroxy)styryl-A 5 - 
cycfohexen -1 -one- 2 -carboxylates (Heilbron, Forster, and Whitworth), 2165, 

0 M H*0A Diacetylechitamine, hydrochloride of (Goodson and Henry), 1645. 

C m H 3 2 0 *N 4 Ethyl 6:6-diphenylhexahydro-l:2:3:4-tetrazine-l:2:8:4-tetracarb- 
oxylate (Ingold and Weaver), 386. 

26 IV 

€ 2 f H 2 a 0 4 N 4 As 2 3'-Amino-4'-hydroxybenzoyl-4-aminoarsenobenzene (King and 
Muroh), 2650. 
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FORMULA INDEX. 


2711-29 V 


C 27 Group. 

C 27 Hi 8 N a 5:6-(2:3-Diphenylindolo) (6:7)-quinoline (Armit and Robinson), 1615, 

C 27 H 22 O 14 Myricetin, synthesis of (Kalff and Robinson), 181. 

C 27 H 46 O Cholesterol, molecular weight of (Partington and Tweedy), 496, 

27 111 

C a 7 H 2 i0 6 Cl 4":7-Dihydroxy-3"-methoxy-3 / :4 / -methylenedioxy-2:4-distyrylbeiizo- 
pyrylium chloride (Heilbron, Walker, and Buck), 696. 

C 3 7 H a3 ()- 4 Cl 7-Hydroxy-4':4''-dimetlioxy-2:4-distyrylbenzopyrylium chloride 
(Heilbron, Walker, and Buck), 694. 

C 27 H 26 O 3 NCI 5:7-Dimethoxy-4'-dimethylamino-2-phenyl-4-styrylbenzopyxyliuin 
chloride, and its ferrichloride (Walker and Heilbron), 689. 

C 27 H 31 O 4 N Ethyl l-methoxy-3-o-methoxyphenyl* S-p-dimethylammostyryl-Al^- 
c^ohexadiene-2-carboxylate (Heilbron, Forster, and Whitworth), 2165. 

C 27 H 32 O 3 N 2 Ethyl 3^-dimethy]aminophenyl-5^-dimethylammostyryl-A 5 -cyck- 
hexen-l-one-2-carboxylate (Heilbron, Forster, and Whitworth), 2165. 


C 28 Group. 

CjisHxsO Dianthranyl oxide (Cooke, Heilbron, and Walker), 2253. 

C 28 Hi 8 S 2 Dianthranyl disulphide (Cooke, Heilbron, and Walker), 2252. 
C 2 sH 18 S 4 Dianthranyl tetrasulphide (Cooke, Heilbron, and Walker), 2254. 
C 28 H ao O Phenyl-a-naphthylacetonaphthone (McKenzie and Tattersall), 2529. 

28 III 

CjisHaaOsN 2 2-Keto-3:3:4-triphenyl-l-^-nitrobenzyltrimethyleneimine (Ingold and 
Weaver), 386. 

QJBUtOJSi Benzildi-5-phenylseraicarbazone (Hopper), 1288. 

CssH^OsN* Anisaldehydediphenylene-4;4'-dihydrazone (Chattaway, Ireland, 
and Walker), 1853. 

C 28 H 2 7 <) 2 N p-Dimethylaminotetraphenylethylene glycol (Singh), 2446. 

C 2 8 Ha 7 N 2 I e-Methyl-lH'-diethylcarbocyanine iodide (Mills and Raper), 2474. 

28 IV 

C 28 H 2 40 a N 2 S 2 2 : 2 '-Dibenzoylmethylainmodiphenyl disulphide (Clark), 975. 
C 2 aH 2 60aNt/l 7-Hydroxy-4 , -methoxy-4 // -dimethylamiiio-2:4-distyrylbenzopyrylium 

chloride (Heilbron, Walker, and Buck), 695. 

Ca 8 H 2 8 0 6 N tt S a Di- 4 ^sulphobenzenedis- 4 'azodiphenyl-^ 7 -diamino-it*«butanes, and 
their salts (Morgan and 'Skinner), 1785. 


C 29 Group. 

CjipHaa Tetrabenzylmethane (Trotman), 94. 

29 11 

CaoHaaN 1 -Methyltetraphenylpyrrole (Perkin and Plant), 1141. 

29 III 

C^HurNaBr 5;6-Renzo«l;l'-diethylcarbocyanine bromide (Mills and Raper) 
2474. 

29 IV 

C a? H 2 80 nN 4 As a 3'-Amino-4'-anisoyl-4-aminophenylarsinic acid s-carbamide (King 
and Murch), 2643. 

29 V 

C a 9 H 4 a 0 6 NBpS ^-4-Phenyl-4'-carbethoxybispiperidinium-l:l / -spiran bromocam- 
phorsulphonates (Mills and Warren), 2512, 
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30 II—4i III 


FORMULA INDEX. 


C 80 Group. \ 

CjjHjoOt Dimethoxydianthraquinone (Perkin and Yoda), 1887. \ 

C 30 H i4 O 4 Menthyl benzylidenemalonate (Wayne and Cohen), 459, 

sour 

C 8 oH 280 2 N« Benzildibenzylsemicarbazone (Hopper), 1286, 

3° IV 

C 8 oH 28 N 4 Br 6 S 2 1 -Toluidino-methylbenzthiazole tribromides (Hunter), 2026. 
C 30 H 30 N 4 BP 8 S 2 1 -w-Toluidino-m-toluthiazole tribromide hydrobromide (Hunter) 

C 3 i Group. 

C 81 H 32 ON a Di-p-dimethylaminobenzhydryl ketone (Singh), 2447. 

Csa Group. 

€ 82 H 34 a$dDiphenyl-#y-dibenzyl-j 87 -dimethylbtitane (Teotman), 92. 
a-Phenyl-jfy3-dibenzylpropane (Teotman), 93. 

32 II 

C 32 H 16 0e Diacetoxynaphthadianthrone (Perkin and Yoda), 1886. 

Cs 2 H 2 oOft 3:6'-Diacetoxydianthraquinone (Peekin and Yoda), 1886. 

C 32 H 22 04 7-Cinnamoy loxy»2-sty ryKsoflavone (Baker and Bobinson), 1986. 

32 III 

C s 2 H 28 0 6 N 2 Anhydro-a-diphenylacetyl-a(or £)-carboxy-£(or a)-carbetlioxyjiydr- 
azine-j 8 -diphenylacetic acid (Ingold and Weaver), 382. 

C 33 Group. 

CjsHsoOj, Rottlerin, preparation of (Dtjtt), 2046. 

C34 Group. 

C 34 H 3 o0 6 N 2 Ethyl 3:5-diketo-4:4:6: 6 -tetraphenylhexahydropyridazine-l : 2 -dicarb- 
oxylate (Ingold and Weaver), 382. 

Cse Group. 

C 3 fl H 26 N 4 Cinnamaldebydediphenylene-4:4 / -dihydrazone (Chattaway, Ireland, 
and Walker), 1853. 

C 4 eH 3 o(je 2 Hexaphenyldigermane (Morgan and Drew), 1764. 

CjeHgiOji Maltodextrin-a (Ling and Nanji), 645. 

36 III 

C 34 H 30 OGe 3 Triplienylgermaninm oxide (Morgan and Drew), 1763. 

C» 6 H 51 0 4 N Menthyl /?-aniiinobenzylmalonate (Wayne and Cohen), 459. 

C S 8 Group. 

C 3 fi H 7 4 0 2 Dioctadeeylacetic acid (Adam and Dyer), 71. 

C 39 Group. 

C 32 H 42 0 8 Methoxyrottlerin (Dutt), 2047. 

C 89 H 7 604 Dioctadecylmalonic acid (Adam and Dyer), 71. 

Cn Group. 

C 41 H 40 Ox$ Lignol (Powell and Whittaker), 134. 

CftHttOio Acetylmethoxyrottlerin (Dutt), 2047. 

41 III 

C 41 H 44 O 10 Bp 2 Dibromoacetylmethoxyrottlerin (Durr), 2047. 
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S088 


ERRATA. 


Vol. 127 (1925). 

Page Line 

268 17 for “(I')” Tead “free iodine (I)” 

„ 18 to 34 replace by “ From the above data we obtain for the composi-\ 

tion of the dark equilibrium mixture : 

F = 002237 gm.-ion per litre. 

I 2 0*00174 gm.-mol. per litre. 

I 3 ' = 0*00638 gm.-ion per litre. 

Whence we obtain 
r _ (1*625 X 10" 2 )(0*00174)1 _ * 

(0*380 x 10” 2 )(0*02237) 

a value much lower than those obtained by Maitland or 
Bronsted.” 

269 9 for “ K = 23*6 ” read “K = 7*97 

284 11 for “C0 2 Ph” read “CO a Et.” 

305 3* for “Low-melting” read “High-melting” 

722 Invert Fig, L 

917 9* atomic number of tungsten, for “ 76 ” read u 74.” 

936 17* for “ Grafton ” read “ Albemarle.” 

944 footnote for “£75 ” read “£175,” 

945 1* for “ based ” read “ placed.’* 

1456 17 for “ ketonor-7-demethylo-ty-corydaline ” read “ heto-7-demethylo- 

\j/-corydaline” 

1461 10 for “ XIII 59 read “ XII.” 

1543 16 & 19 for u naphtholbenzoin ” read “ naphtholbenzein.” 

1745 Formula III. Place “-” before “ NMe.” 

1750 7 for “(IX)” read “(X).” 

„ 8 a<W«clQ<gJ*g (X.) ” 

„ 12 add “The correct arrangement is (IX).” 

1819 12* after “ was ” insert “ converted into hydrochlorides and.** 

1820 6* before “ of ” insert “mainly.” 

2403 Fig. 3 (ordinates) for " 0, 10, 20, 30, 40 ” read “ 10, 20,30, 40, 50.” 
2435 3 for “ Pyridine ” read “ Nicotine,” 


* From bottom. 



FOBMULA INDEX. 


4411-75II 


C 41 Group. 

CaHaiOg Dibenzoyldihydroxydianthraquinone (Perkin and Yojda), 1887. 

C47 Group. 

C 47 H 44 OHJ Acetylrottlerin (Dutt), 2046, 

47 III 

C4 7 H 44 0 19 Br a Dibromoacetylrottlerin (Dutt), 2047. 

C48 Group. 

C 4 8 H 4 o 0 4 Ge 4 Tetra-anhydrotetrakisdiphenylgermanediol (Morgan and Drew), 
1766. 

C4 8 H 4l 0 6 Ge 4 Trianhydrotetrakisdiphenylgermanediol (Morgan and Drew), 1766, 

Csi Group. 

CnHjjO 6 A1 Aluminium benzoylcamphor, and its mutarotation (Faulkner and 
Lowry), 1082. 

Css Group. 

C m H 28 Bp 2 S 2 wis-Dibromodiheptaeyclene disulphide (Cooice, Heilbron, and 
Walker), 2254. 

C75 Group. 

C 75 H m 0 15 Benzoylrottlerin (Dutt), 2047. 



- 


ERRATA. 


* 


Vol. 115 (1919). 

Page 

Line 



376 

17 

for ** 

207° ” read “ 175°.” 




Vol. 123 (1923). 

2465 

13* 

for u 

40,454 ” read “ 41, 645.” 

f„ 

1* 

for ** 

610 ’’ read “ 510.” 

2466 

2 

for " 

42, 930 ” read “ 45, 261.” 




Vol. 127 (1925). 

264 

»•> 

for “ 

1 7-5 ” read “ 7-64.” 

■ 9 \ 

10 

for “ 

7-50” read “7-64,” 

9t 

99 

2iy 

30/ 

for 0 

! 0-996” read “1-01.” 






